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WD 2007/ 133978 PCT/ US2007/ 068274 PROCESS AND CATALYST

FOR OXI DI ZI NG AROVATI C COVMPOUNDS Thi s application
waeb@ms3orhe benefit of U S. Provisional Appli cBtT/O820bD068274

60/ 798,781 filed May 8, 2006, the disclosure of which

Is incorporated herein by reference. 5 Field of the

BB B AT R TR BRIk e A aRIAGE S arnns

products conprising aronatic carboxylic acids and a

a1 PRlSgHon slaima, i PRetty bf 'Se FoViskire yapglicaton No.

60/7‘99 784 iifdy Mayf@eﬂ?d@oche @é&éétﬂfbsofc\ﬁﬁ'ﬁh'r§'rrﬁrﬂ)r?6r%@c‘] lherein by
hydrocarbons havi'ng oxi di zabl e substituent groups

referenczen oxi di zed product conprising aromatic carboxylic
acid in aliquid reaction mxture using a catal yst
conposi tion that |sm|cm%i%§ﬁoxidationinthe
absence of brom ne Gidle 6’f‘?h£?ﬁv i y used to pronote
catal ytic oxidation of substituted aromatic conpounds
t o Thilimtantionardiatey| toc aapiodessrfor mnrperitmgssrabsﬂmlrﬂeddiarmmatic
or net al loid c

conmponent, 15 15 net al
COMPQUAEE &9 Prérﬁeﬁnpr OQIMPHIFNG Groatie kb (f'icoﬁc'ds and a
catd &’ &Php&eitorR uSERY o duc?ha r86<?§s4 WRirg! a?ﬁcdlgrtlflth@'rﬁventron
corrponent Backgr oun e I nventl o Terephthalic
relatas doaruataiyihr@r oxidetien i of cfaretisbo;cki enateridls anompvmsrm yaromatic
n the manuf.acture Ba tgglmy esters,, conmo

hdeQﬁ?EtP?rbSn rwvmg o%d'o?blﬁorsé' Jrougg, tgn@n oxrc}/ zecY product
conﬁﬁfsﬁdgctiro?ﬁéﬂb @ér‘bbkﬁfteaéib)ﬂﬁ‘%i IR FéHHﬂbH&hixﬂﬂé Jey adatalyst

wi th one or nore higher honol ogues of al kyl ene
comgiopiisinsthat ¢ aciivey tarssush exdatiarein the alpgensenefabriosrige sources

conffoly " dsed" ol linte s LR BBbFor T SRS promati
conmfoiueiels &b earo Mo Waybaradie deids hdldbrhppisas e paliadidirinaddbnhponent,
an agueous acetic acid solvent of nethyl-substitute

a G%J%éﬁi@ﬁ@ ehaeialivid ermrnent sgacirk §om antimpeay, bigeuth or a
I
confiTaildroREra AR 5t oKl 14 RS A 3he et gdlf
carboxylic acid product. Oxidation is conducted by
contacting the fBadsirookdwif the Biventon anot her source
of oxygen, which is normally gaseous, in the presence

o AN A ORGP RLIBRE B D o
the mﬂlfaot@ré’bﬂﬂib%sﬁﬁs deseridpRd by tebtich 3B, 8Hé or Migre glycols,

oxidation is exothermc
and particularly ethylene glycol and combinations thereof with one or more higher

homologues of alkylene glycols, for conversion to fiber, film, containers, bottles
and other packaging materials, and molded articles.

In commercial practice, aromatic carboxylic acids are commonly made by
liquid phase oxidation in an aqueous acetic acid solvent of methyl-substituted
benzene and naphthalene feedstocks, in which the positions of the methyl
substituents correspond to the positions of carboxyl groups in the desired
aromatic carboxylic acid product. Oxidation is conducted by contacting the
feedstock with air or another source of oxygen, which is normally gaseous, in the
presence of a catalyst comprising cobalt and manganese promoted with a source

-1 -



10

15

20

25

30

and yields the aromatic carboxylic acid together with

by-products, including partial and internedi ate
w@zi0dasiossr products of the aromatic feedstock BST/WEL007/068274

as oxidation and other reaction products of the

aceti c acid solvent such as 5 nethanol, nethyl

tate, nmeth br o. e r oxi,de and,.car bon
of rfGh RS oig A deicrRed h 418 2 Bfa B8 i g ARG it SRatpgrmic
andayi@l&t e Cabhiafik! EarbasyIt BeidabdOer RUAHUSLproducts |nclud|ng
-products and internedi ate oxidation products of

partfa:ieatmt @m(rrmdeatemndﬁimryprrqﬁmﬁd06tf@s@nqmlmiee§§t®&sl aedwell as

oxm}?éﬁegﬁ_ﬁoﬂ r&rt he bl 'Bgcgi/ﬂl?: ﬁ%ﬂ oﬁ]cgit %ovet such as

metﬁéholdrﬂdtﬁydlaizetdt@ ﬁ%lt’mjl BroMitd, %@warﬂmoxia@f@d earenafioxide.
aromati c car boxyl ic acids are_often favored for

Waler ifuplsetaaneraigd Foh WSQ'@F‘E!CIT ofhe ﬁﬁlfﬂ@%@a@%w%aﬁlﬂcﬁ?@datlon
prth %’ER HRR ssangﬁéfelrrgléggﬁgg)@ﬁ%h &)r‘b‘agE%'sﬁfth%agé&stock are

con’myemiyddmeds diggehedadreds ol eumm’(ded Methésltcpnd(phiase reaction
. oxidation processes such as those 15 descri bed OVF o
MiXtyegy aner@réer@mpw VEFP¥RIEd o Z%’/bo%w ﬁﬁ'é@%‘?rﬂt @f‘ad solid-liquid

sepélra‘?igﬁttéfhnl g@gl es, are known to cause or correlate
W th ormation in polyesters made fromthe

carboxylic acids and, in turn, off-color in polyester
cofuse tf@dnsaobamatjc cabowpid acidsane rjten davered ommamufacture
redu eve S urities can be e urther
of REVRRE Ot TRE AP ARA G0k Bin FeiLiaF ditace. BRIE: (1% other
con@fnatesand ik a@ﬁgemai’&uaﬂ@r b&xAEY fnplritte UchMB$ &y-products
progressi vel ower tenperatures and/ or oxygen |evels

genéfatG@rfrﬂ@ @f‘?@ﬁﬁ@lfe?ﬁﬁio@hssme%|d@6ﬁﬁoﬁfq¢e§§@% sugh as those

A o
cosbR58Y SlpeREodiE! 5y, SRerdl VAR08, BprFOIRERGY Alomatc
speeiesdare krtbweh fo sausanonofrelate With.coloriormafieh iMpdlyestéd8made

and 4,286,101. Preferred pure forns of terephthalic
from, dhey carhpxyle @Fidg: it IN dUBWIASbRIPT &1 RelVEStaRicoRvered gReducts.
r 0 t f h I
Arogfgﬁla' %érrbﬁgﬁl&" ?E'grge‘ﬁ'ﬁ% ggahgéé Jg‘?%Fy?fgg‘%W%% £8R!bE made by
furtHra,robx’n@eimgtc‘crugelpeeducpis rfeonh dgukl pfiagehexidaiials as desbribed above,
aromati c carboxylic ac

; crude duct co risi ng |&and
or BYARPIR BRI, on SO prad) e Sha dones dEMPE iy SRoliyr Oxygen
leveld ‘émi)tu'rlﬁgféﬁgﬁl iQﬁﬁon %%ﬁ@bér%%dﬁ@'u@% RY"rebyver ﬂ%@lb& of the

or ot I mpure fornms of the acids, in solution at
oxnokatleoatfcurdccnre@@oamfrf@eda@ctsrr@afgalr QXICIQU@@ mod@ptadbl be desired

acidiBhuEG; B Riowhr TORT S aPonct Phor B hdlr pael Hgfo. 101

Prefditéedep@eGorhs of treptglic ciicartl ath@ér Brdrntic aatoaryd acids with
the crude product are often conducted in continuous

lowemineRyrhies Contettesseeh pp purifiedderepiithaligsacd or "PTA", are made
by ca & g{/%l(}%/dpggg&]?a‘hng less pure forms of the acids, such as crude product

comprising aromatic carboxylic acid and by-products generated by liquid phase
oxidation of aromatic feedstock, so-called medium purity products or other
impure forms of the acids, in solution at elevated temperature and pressure using
a noble metal catalyst. In some commercial operations, liquid phase oxidation of
alkyl aromatic feed materials to crude aromatic carboxylic acid and purification of
the crude product are often conducted in continuous integrated processes in
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whi ch crude product fromliquid phase oxidation is

used as starting material for purification. A
walpdo7iiaaerg y i n manufacture of aromati c car boxyPCTUSZOTE68274

by such processes results fromuse of

br om ne- pronot ed oxi dati on catal ysts. Brom ne sour ces

5 wth atal and reaction rod .

which Eflistsy PSR ORIEHG RS OTBRLGl &8 Gt B8 SYiting gnaterial for
puriti€&fidn. corrosi on, process equi pnent, incl ud| ng maj or

equi pnent itens such as oxidation reactors and

of f-gas treatnent equipnent, is normally constructed

usifn IfftQUdtamn s ffagtpe pf éb’@ﬁ’@@m Garooxyia aeifs MyreshsRrapesses

res SR (B irehiie el BB ARk AFTRE: Tyophlf SRutces used
wuthcquwtalystf ahdeckactioh hprqduotsemeresﬂdbrr@@d jurinige orilation are

catal ytic _ oxidations to oxidize organic brom ne
COfr@éWﬁouﬁ@s ing ﬁ%rf%%ﬁ”oi?rf&i%saﬁ%“pmngclﬁ‘ICl'Hd”Eﬁ JRRIRE egydpment

|ter’rfssegb4&4 280 0datidie réf’és b/’ ah@ o"i‘lnn%%'tr%ause@i' @%@Fﬁéﬁ@ is normally

rum formate, 0O are co
constnmxptbdxuﬂ;lylg atitdnamst ort @th&xnekaemswe ngorrps;loneress!santlmetals or
rom ne from c nventj onal cobal t-.nang

t
allogs| BEAAGEN Chpapes o ahNee o st S BatsP et c STHagPte A volatile
brorﬁﬁfé' %oﬁ{déﬁﬂHsCfo%éBO%yEHeC p?@éé%s NRyeHf as iy Qh@’@r‘fé’}u@e catalytic

ds of desired products are unacceptably I ow.
oxno@@idnw tm, oxgtizéaorganiof beareinec cagipbusidsy ént canbont l@eudes and

bl H R 58 350 S0 e BB eirio? B S

fornsger tafsbcarel cd?ﬁ@n@ﬂtyeu%d satih@sofmpldlity sid¥bstket maaumidtlring

acetaldehyde have been proposed as alternatives to
ProgsssPne, as known from US 3, 361,803, but their use in
practical applications is disfavored because they are

reﬁu?ﬁm&udg{‘hBMn‘ﬁ%' °be rb%v? aﬁ‘d%gpglt?ﬁdérﬁ\gar{e% oxidation

aci ng e consumed pron "Kut
catabystgeis fmcutmpltasﬁlcradadfdreammmemlalTlseale momaftuccmkboxyllc acid
|Ver 25 affect product

onoters can al so ne
marfiagirs asaHeg npIdsaahg Genre Pl @l aspsCnacceptably low.  In
addNoh?\’/D%&R?éYlBHt(F@é@éﬂcd%ﬂdf“&ﬁv@rﬁeﬁr EE9 h%d phBse reh&t ri tends to
J. |. Catal. A.:

Procee I Ngs
increése him mdbaltnt%ﬂnanang@neﬁymtelwam @wdahen&cwﬂhaut opromine.

Sactifig) Brofigers, SUdn RO ity B Al s dehil: fave been
proédﬁedcé@éltérnatlvéé & Yreflinecastkinenm Porh UEB,861,80BYbittheir use
manuf acture of aromatic 30 carbox%/ll ic acids is limted

in prgcticak aplwaé@nabs|dl$f9vor@dab%¢ause eyl Ri eRsUATEd in oxidation,

rot o, pidlto, &t B} pPRfia beGERHIRES Hanfthé, B 4RpC6RRring

oxygierh tfrioph desme@eéaa@rﬂecvm shtrfitidlgrotiotes. carBalso negatively
affect product quality in higher temperature oxidations. N-hydroxyphthalamide
has been reported in Y. Ishii, J. Mol Catal. A.: Chem, 1997, 117 (1-3,
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 conversion to undesirable by-products during

oxidation due to multiple competing decomposition reactions.
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WD 2007/ 133978 PCT/ US2007/ 068274 German Pat ent No.
2804158 descri bes a process for manufacture of

wao eqoepsomal i ¢ aci d by sol vent-free co-oxi dati oPCD1S2007/068274
p- Xyl ene and/ or p-tol ual dehyde plus nmethyl p-toluate
to dinmethyl terephthal ate using a brom ne-free

catal yst ¢ osed al,t or manganese salts or_a

oA SRR NanHndd a8 pesTipeBoBapocass Wit Hmanpiecture of
terepAtHatic Acid tyesmes it cbbxidRion269e-@fent*8nd/of 4 felualdehyde

according toO the so-called Wtten-Hércul es process,

plusf onetbyle g-toluataattal girmethyly@repfihatate niséig ehdéromineairee catalyst

corfyBgh%: EULALAT LMY B el nBekfi O BEBAGRSE win
cobalf®r NithcAsSsatSat & E&h?éﬁ&ur@ iNQRé ran AL - 230D atBbrding to
transesterification of terephthal ate and p-tol uate

the gorelled Vitieénddercukest proseds) fellowed by mataptiokydregeoatian of the

ora ERPEFaauER BT cuBraRuS ol duBlegs o oagiom,

platinging, ofekesl terdeabztecatalyshi ThegeidcassasdricRider! £hebalblegtment
with addition of water and methanol and, for reducing

sten fos dtameaster ifigationspf tesrrithglalerans o-toluate manrNMliesiers from

eith%t’he’\s%-o%?:ati&ﬁ] or 5@?‘ rog’%fﬁag@f? »srlég! mgﬁé‘h is"cottcled bP1862-350°C

aftef ¢BRIOVAl by dtdiRireahdavolames! Y Bleat ARIEAE s Oforiiu@dd1@nder a
fromthe oxidation catal yst and of nonocarboxylic

nitrQQﬁrU?Frégﬁﬁthﬂ, peefeenly iwith ﬁ@dﬁiﬂnd@t waiteraped gaeinangl and, for
rec@igrbattias: Hho! S35 AAL R HOBrLEHCE IS Mo "R 3 SuEOEa, Sr, Ba,

ron of’ equip oXx1 dat'i’‘on¥an
Mn,| Essélh, ga| WenK, tyyried,nQe, M, FaingrRe, 3I365h 8B0 Sesdiel, &s P or
rocess for oxidizing nmethylated 20 benzenes to

combiasionsi{hereRt pasatalySihi AGSeACE S REOIra SRR e KU Ioacatelyst
andP&M%BRGcakPRPR! 96K r%%@ti@?f%ﬁfépg?@llttﬁé %x%ti%ﬂz%r‘t%g%ié &d permit

concurrently’ over a catalyst inare
use pofelessiraormdionere3@ant m20ds jei camstriadtionevfpequponeas farf the co-

q}aéo 30%5. The Icat IL}/st metal is silver, palladium
OXIGaPHANCURYSET @ Vﬁr&ﬂ? "PRSdi um iridiumor osm um and
is supported on alumna, silica, titania, zirconia,

Si IS opaeat b 858702 URFibes. aPpratesy! ®dre qxidigagi edhylated
wth the patent's preferred netals, ruthenium
benpeneside AreexWic| acids i avhich edraams of water.dgedtylated benzene

i dj - ) jvati i.C
feed¥oeK 208 BORR TOLERTRE s AL Sooyl WMorBl IRy < catalyst metal
in apeddots prassanzedté SO0W HROO L Hd atitdmperntirasi ¢fin126-300°C.
car bon oxi des due to burning of para- xtyl ene feedstock

Theagatalval mptabist ﬂ@_eba@@ﬁdi@eﬂﬁﬁﬁm'égl,_ e 'QBE“PHIC&WmM.iqium or
ooy 1 B oGR8 U Rath AL RSE Sl Lo R BEA B o
cartgas e Resaowigpenokidatibes abibethee pateht's preferred metals, ruthenium,
palladium or silver, resulted in low yields of oxidized para-xylene derivatives, low
aromatic carboxylic acid selectivities (e.g., 3-5% with palladium) and often with
significant generation of carbon oxides due to burning of para-xylene feedstock

according to the patent's examples.

US Patent No. 6,160,170 of Codignola discloses oxidation of aromatic
feed materials to aromatic carboxylic acids with gaseous oxygen in the absence
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WD 2007/ 133978 PCT/ US2007/ 068274 of bromne in a

i quid phase reaction m xture including an aqueous
Wo@e@ans7s8 sol vent using a honogeneous cat al yt i BCVUSPDBEX6S8274

characterized generally as consisting of (A) at |east

one G oup VIIIAnetal with a valence greater than 2;

and/.or .at | eas e Grou VIl A netal d/or ceriu ,
of BRI sad 0 |HASe tacian araiel sl oa, A Hiuigoy organic
solv@hﬁf@é’r@@é’ HAM6§Eh &8O ottt WBImHIEX WHavadtklitdd gbdefally as

and VA referred to in the atent correspond,

consistipe of i(helay leass aneo(GpeuyMIIA noetal wikng valgast graster than 2;

a5 oSl S RSB S B, BREEL A R one
Gro@p %A mnet@tvahigstis peeeAsly izrBENiUAESE hiaffgmi n(Gr’@@pQ&IIHN VIIA
consi st of cerium acetate and zirconi um acet at e,

an
anddivAq tefeiredl dAi Inﬁh@mi@ntawr%nof@mr@w%@em o Cfifpéi@ﬁ\é'ﬂl VvIiB
andelf\/fBeSf dr8Sege érlg?on%%@{ﬁésbﬁnoé?“Iéé@é"ﬁzc%&d{ﬁ t87Us Patent
I'C car oxy Ic acids I's Nnnted bécause water 1n
Appéioationt No. 20001 88 155 Adnbdf iCodigradkaiadt alec oRatayysb reodi pamitions
rocess steps can ra convert, zirconium
des_ %Qﬁfgtrb”}eop en”&&ﬁf‘%'ﬁ? ??9;”‘5?@;&9 ta %Z'rmu%a%{%@te and of
ruthPHﬁRﬁ WRide bid 'ﬂcor@@hﬁ%ce&%‘ o ellid I'e‘?fé'c’élvér%s%e@@trh%t @atalysts
rom aromati c carboxylic acid products recover ed
for mahuthcfurerf aramsiéc gacemivhig aofdseq Lhrrpimlrbecmmeomtar ysamounts
in domstream&iuocgess n and nm ni sh % x il ;
CO”EH?”'Vupé%S%ﬂtdrr‘rQ{ 5?%9%%/3/ PEOHE%OC%% 88%&3 rap' y conver
Z|r06’rﬁ|@ﬁ1 H’\/‘) %Fc'ét?bté'tbCQﬂbéﬁ‘UH V) Bsdidte whieR, HeeresaNtifs@ubility in
loss of ‘catal yst nmetal. US Patent A p1 i cation No.
WatQIOOZ(bm&s%lEEEﬁICMlbttpngepa@t%b‘mmt 9rq5mattmé:arb;atyacy@¢lé products

reofiefed s s B IR0 B 4ot Bilcadd " achides in

dowastredit prozedsinglaet diritigh @lwmtymftﬂwmed dteavatiddartdkylic acids
proposes | ow tenperature 150) oxi dation usi

prOCﬂ#Cé$n nRrecirii@tedt Zirapritn ( r@ﬂ@&@iﬁ%@ﬁ”ﬁsﬁﬁ@ Bd@éﬁtog catalyst
ef {
metfl, 2 S e Rah INGL 02 de 5] Shotfy [FHEEME) of the
catatydisl accordingr |tcomtnteamdt|amailcﬂppu«:atmi t\NO \agr2034, | tcr avion US
duc t her

e oxidation and return
6,140, aﬁ@ CRREIRTI r 27 oFedUseHy AgEY yonanJa| {65y due to their

n t Ly _
GosBTL gt SATRASID8gL ) SRt ssppomine oo

catqbytunmplexeatawl mshhe rateot dieferably conteining at Gooupskbimetal or
.strong actiyv or. .oxi dat i on, of, .acetic.acid tion.

cerigiy 90E5hb B it 8 e BleRin g o8t e e b AL bl G8rium

and&FifcorRin tsailts edith firabrRbP tie dRMatiod4PodR@ aRl Pet8riv oBRfbther
descri bes cat al ysts prepared from pol yvanadi ¢ aci d

liquenfrom Aleatienhier oxidaten.calhpinded substantisly ithe gameltersperature
h er SI 0 epor nyer.si o

and KRRGRE 2B ahg200RheRs kS, PErmIpaET Yl BeProcess

catalysts according to this citation show strong activity for oxidation of acetic acid

reaction solvent to carbon oxides unless reaction temperatures are maintained

below about 120 - 140°.

US 5,877,330 describes catalysts prepared from polyvanadic acid sols
and other metal compounds for use in gas phase hydrocarbon conversions,
reporting 99.5% conversion in high temperature gas-phase oxidation of o-xylene
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-5 WD 2007/ 133978 PCT/ US2007/ 068274 wth air at 3200C

wWth 73.6% selectivity to phthalic anhydride using a
w@adocis@ conbi nati on of pol yvanadi ¢ aci d sol P@ntis2007/068274

titani um di oxi de and 16. 1% conversion of toluene with

sel ectiviti es of 22.9%to benzal dehyde and 30.1 %to

wirg Sl A arpshiwiei 7 B SaMbofeOihdls SIhAPoeig 2 calcined

comBhRIresr BHIQURIddic SURPE6IARE titehidh chbRbE ard1é.hed rconverS|on

esterification reactions using catal ysts unpronoted

of talueme vitbraetrctiyitiesiai @20 Yortorhenzaldehyde endny. b &b énbenzoid acid

osir? 5o B0 e et b elaRlecnt o7 B R.

and antinony are reported useful for 10 production of

beitmidatiomoof aselebies- aaretraities dubstratetat toonalebhoiel Lame their
wi th oxygen gas.in an acetic acid solvent to benzy

eSteﬂf'@@H@F r%ﬁ’ﬁﬁ'08§tl%§mg caiatysth upRneRted yyith p@éﬁ'ﬁ?o@‘\’evﬁwn from
the FIRWAS ftp'a?erﬂg 'a‘ﬁdeoghgﬂs b%ég _d%ggﬁ%%?orﬁ% c %%Poc%/llc acids

esterification dr ox pro
are nesdésdribgdt r om oxi dati on of para- xyI ene in acetl c
aci d according to JP 2004137234 A2. xidations did not

O TR 06 TGS, 250, ORI 0" GerfdPRliPy tsgul for

prod’ddfhbh GBI ﬁ}%nba‘éha%@-abét%lé@ b¢ oRMAtiBE T t6laBnE&vith oxygen
oxi di zed to” correspondi ng oxidized products sel ected

gast noanaeeealic, asiddenlyaes fo deralblaicohel asst epterifgatiomn tagreo§ by

reaqtBo it MG RGPl oGl AbeMINEEP, B o2 R ag. pd P/ eferitcation

of r’rﬂﬂid aﬂlbllmh?@oky p@odiudt@lrebfnltlﬁg)ﬂbnﬂox@é’lﬁm& paRa-xylene in acetic
gnesj um or cium persul fate, an al kali

acichpRearaing t@aJrﬁ’ ZORE T2 UND T iidaliohs Gl ot pEgress beyond the
endGIPABLEGLEH clifol B RS BL%a GXPUR 8280701 GhdRbh8Ry that

re con I né ~ feac nmedira o
alkyh@romaticé rediher apbérmsic umydrogératoanabe dxXidized|ty corresponding

OX@%ﬁ t@@r&z@exag&lﬁb{flm%j @E{q%%%qeﬁrg%f %g P%S ,aﬁtdiqbﬁér)él by contact
i
in thé?g@%%gﬁg% B]f'gb o&??%ﬁ@%ntaﬁﬁggﬁiggl@ﬁ f:iéa‘étlfiﬁm |Gﬁ\e\ﬁﬁh a catalyst

composedwehia patiatiuf satti @nlithiuh, sodiune, @otzﬁsuum,omagmsuum or
ustlne

d T |
calcjdif bedlirdEy il riTopt Aflnaseedh APBL FAb Pl S it salr A
den%s@@tééatrﬁﬂh)éséaten% elhpldsatll ol(ﬂa%‘ilong?/veréjcbndbéf@éjr ihsalkaline

Xygen uptake in stages correspondlng to col or
rea@mn@a@lanw rasetie urcit owitat addedjmtﬁg&u@acaoetﬂiesan@fthe only

| ue
reagidcRia bl TR TOR o Bl ol kPt benzy
acetutd. pAs aﬁ&hémmﬁbaé %L@lldamanS&@at&)rfsedrdt hothproceed beyond
formation of the benzylic alcohol, which underwent esterification with acetic acid

from the reaction medium.

Tanielyan, S. K. and Augustine, R. L., “Acetoxylation of Toluene Catalyzed
by Supported Pd-Sn Catalyst”, J. Mol. Cat. 1994, 87, 311, reports oxygen uptake
in stages corresponding to color changes and residue formation during reaction
of toluene with oxygen in acetic acid solvent in the presence of palladium(ll)
acetate, tin(ll) acetate and potassium acetate and proposes a reaction
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-6 WD 2007/133978 PCT/ US2007/ 068274 nmechanismin

whi ch an honobgeneous Pd/ Sn conplex fornms and Sn(ll) is
we@iditzd to Sn(l1V) by oxygen in a first stagePCT/i82007/068274

Pd/ Sn(11) conpl ex absorbs oxygen and generates

Pd/Sn(111) or Pd/Sn(IV) internedi ates whi ch undergo

meqarty Sl MYCH 177 FEm RO RIS ARETRHE. Ees andgSni s
omd?ﬂa(d»cé SH(I\W b936>é§)§léﬁe§1 ACREP%YAgY, 'tﬁ@ PH/Srﬂﬁ? Q@Hﬁﬂéx @bsorbs

car bon atomlnt hird stage her cata
oxygsi deitd genesdtesuBdisn(lt)ear al?df%ﬂﬂvd iotarpRdiries uwhw@ undergo

xR Te T B ot 1 GIRERE PACISRNOY Aepony sage,

andc oD resUltirN PO RSHEVYP datdly2es HSeﬁ)xgl‘bﬁoﬂl%@f tHéSbenzylic carbon
4,804,777 10 US 6, 476, 258 and US 2004/ 0158068. The

atorgyin ¢e thwissstageor di ng to those patents are conduct ed
in al kaline reaction nedia and/or for preparation of
ar t ' .
o QsReRli e BSulials O SUMBEL MRRlait Bhigtins in
catalysig cbntmhadg ax et paned| frgmn qatabivm eotripouentsxanhpadicutzr other

e carbon atons of n bonded car - LN
mete{ SaTpPgHs G5 GURSneHES A, R (50dais b 2 re Rab o LBV aeg 777
us éﬁm% bRl YIS %04/‘079580653' fl')ne'o%c'fé“t% dtofding to those patents
po ycondensatl on catalyst for the manufacture of
are ;@ohgiectﬁsil g ragkalmeerstactian snediarand/orfos pivepalation 2 afylwrgacetic
. gl ycol s ered .to hav
acidfl i Srigtelfard Aethe ey Bun el g ofitei! of the
rmg%tﬁﬁfe@ioo@eth’eﬂtdl QProudbub aieBut-8xidation 161 thel eifsodnatofas of ring-
, CGeochem ca et 20 Cosnochim ca Acta 2000, 69(5),
bOHQ%QGFQ%@%@WMWB&HWQQM @iouBs that Mgy present froie starting
mat@ﬁgltsaval ent antinony can occur in the presence of
oxygen at a pH greater than 9.8 but not at a pH range
of 3.6 - 9.8, or in the presence of hydrogen peroxide
at M]tlmtbnya(mlg)es t&hotinlag @ pblycénbensation cdtalyst foettoswrainufacture
i.S inve

vention 25 Th n rovides a
of pehEUae < rreEinalae ot fergBrials ack] a0s ahiel off i genddered
to HaRd st A SRR HOABGB e PHGEORAERAIBNANY bt to

oxi di zabl e substituent grou to ah aromatic
undprgmllmtldamm walthough eoeuzyi AyKr, oJohlnsomt Cc Aar kieodhemica et

aci Unl j ke ent | pnal nmer ci, al ta S
Cosffisiioied AdE A0 mPoBhmit 68 RPES, IHEE SRl R, tivatent
antlh%mpcbtMtb%léﬂﬂa@t@nbﬁ@@hﬁ hedcue wﬁﬂﬁej@reée"h%e'd’f\@%éﬂ at a pH

process and catal yst are effective in
greater than 9.8 but not at a pH range of 3.6 - 9.8, or in the presence of hydrogen

peroxide at a pH range of 8.1 to 11.7 but not at pH below 8.1.

Summary of the Invention

This invention provides a process and catalyst composition for conversion
of feed materials comprising aromatic hydrocarbons having oxidizable
substituent groups to an oxidized aromatic product and with selectivity to
aromatic carboxylic acids. Unlike conventional commercial catalysts and
processes for making aromatic carboxylic acids such as terephthalic and
isophthalic acids, the invented process and catalyst are effective in the
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conpl ete absence of brom ne sources. Wile the process
w@nw7/18mral yst are tol erant of brom ne in sonePENOWT068274

the presence of bromne in proportions comonly used

in conventional conmercial processes adversely

ffects th ted d cat al . eith
subfianfiet Ap coawidPerumency OfBioBE sogtam.cnTie b piacsgs and
catahtesrbl t‘b'lérﬁnﬁ%brcﬁrhﬁf@ M oMkl §m6@hﬁ%0>tbfé';fre§érhc% of bromine in
products toward aromatic species with l'ess fully

propaxtidng exprambslyi tis@mtin ge@mmtlosalr poimsnergiay  progesseast agversely

artef B T aried ot A cdlAlRIS. Rl BebRoL& RIS o oxcized

proddt dr )sﬁtftlﬁ?’ stlentvignaway irdat hesthatid oseedy REXEI0prodects toward
benzylic al cohols and w thout esterification thereof.

aromatia cTRECsmMHERSS , TUlYeONdizZEAy EHPSIEMER SEOYRS Vi SeEprisingly,
arorﬁHfu@E??dd“@hc?'éi?@ﬁﬁéld@%%i&uﬁq i fH—‘é M%ﬁﬁ’or‘ﬂgggeéfd ﬂo@% e?dﬁ‘?eved

witht hueownam'brrwme«fmé catasfsbsyetemgibnqeas)edattomnpucnfceedrt’myond the

produc due to_burni
benFQ IF@%Q' M%ﬁeebﬁﬁ@iw@t@%&e& fea@'l §grﬁles%mpgﬁtrgents the
mve?ﬁz'iBH Ao (/Fd% 3§Jr9n8|ﬁ@e&océ§§%en'eﬂtssC?Hausgﬁt g%&!’igﬁéds and

wat er gene ate as a product in the inv
selqmlwduessmman sisinge watea &$ qai Hquidacnedinmmddi uimef ceadtion and

, rocess, Wth desiraple nver si on_ and selectlwt

insUBEENTRL BBeralion 4T SEXPal o<E BEPEYIRIS Sl Ot ThiG garomatic

feed?sY&Ek ¥hd hestiocrbkylierachd regitidh éUlvérﬂécéuéPﬂa§%béﬁé"a§|dt @hen
he process. In one enbodi ment, the invention provides

used clat%orpe|emfe<@ﬁim@ts,|wteh@emgated<ﬁa gilyyyproguct in the invented

ProgiRRarhisve"30 L IR @alioh SFEHRET Tl iebbSE wph desirable

convensipnand saldctiditied, beinbuestaniatddrBoh RRIeOby-besdiidt Yermation
brom ne to oxidi zed aromatic product conprising an

evegMgtheut adgitipp St yyater Orar&aﬁt'oﬂ'ﬁ@|V§a§Saq03ih¢@r‘éQﬁﬁ§03| tion
corrprl ses palladium an el ement of Goup 15 of the

Peiih OECortBBlifert: HRANELATERNb®YRRSCS LI CBABbIBAaving

bi smu and |nat|ons one
actlwb,t dor monretsabi mfdaufm@mdp/dﬂoceﬁfboﬁs csuliB4itLzéd oWvith hexidizable

eriodic Table o enents.. t, as ot herw,se
sub§§te 8t ofoyriR5C cBPtachavThERYGeH dn  Jbido foaqon e, e of
readtReSroffiné %o BRICREY §t%rnﬁéiﬁ)°6’r@)@ubpcorwﬁﬂ‘sﬂﬁtaﬁ ér‘%ﬂ?natlc carboxyllc
desi gnations according to the Periodic
acice| €hegatalyic cmpd$ltlo@ﬁonmr@ﬁ§|p@||adlum tan elam&nb@lf QﬂbuD 15 of

the %%%cﬁ%niaﬁ%?g )(1%' ﬁeméﬁ%hgg%cﬁ%oo %?ﬁﬂﬁ@%ﬁx blélr%g% and

cor’rﬁilmsthefeﬁfabﬁd antbal omet mktapiod matalibidosr Grsigy 41 906 or 14
to refer to Groups of such a Periodic Table of the
of tha Breegis Tabge of the Elements. Except as otherwise stated, Groups of the
Periodic Table of the Elements referred to herein correspond to "New Notation"
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.



10

15

20

25

30

WD 2007/ 133978 PCT/ US2007/ 068274 As used herein,
"conversion of substituted aromatic conpounds" refers

W@ 2000083928 si on of the conmpounds to oxidi zed arPCEUBM07/068274
derivatives and accordingly, for purposes hereof,
expressions such as "oxidi zed aromatic derivatives"

RSt Bpreih, BoRvalsish Besbaiied 2radetin Empouata; rgers to
conOérsﬁfrPB’ﬁEHé? cSinpblihA8 toRxRIizéd %r&haﬁé"d@ﬁ%t‘i’\fésoé@@i l11,h‘%;(';§rd|ngly,

"Sel ectivity to aromatic carboxy ic acid" refers t
for puegposesgmereof, exirassiens Susheas oxndmedvaltqm@tlmderlvatlves and

xR BhuE GBPL L A o s bal RIS BRRREbE B iowce
gensrRitedtdu’S t@biuehiag fadomiticCstdeting/ adt¥esls dmoridatidreproducts.
ect, the invention provides a process for mikleggaromatlc

"SeLeQF tyia aromaticcearpexylic aeid” refeemto tenwaiohtef oxidia
, d i
cerBRE by oA BVEL AN, AR P B8 S5 B rouo
exprEs3edrss peaentagesti thettel weighta! oxidipetr acardtimnderivatives.
havi ng oxi di zabl e substituent groups in contact with
naI| reaction mxture free ctive
o Yieettes Bsneghithe SBa R GHAYINES B BIAsEES SR catalyti
cor‘rﬁfo%ﬁ%tn' %Qﬁfeb@rﬁbbtli?né}ﬁ' this gé‘ﬁed?ro‘?%?éﬁwv%ﬁfloﬂ%%\ﬂ@eég process

such a catal yst composition conprises conbining in an

for makiegus caalygic qmmsaimwmmdmcacdlvﬁwfarmnmon of shbstituted
suﬁstaotél al . absence of one

arorpﬁ

A &plns hiving | tiEREble SuBSATRAE oS Gu R B pgt with

oxy§én tin atndm%acw fAxaie e ebEr@adtiveebrrhing {d @M oxidized
anti non bi sruth and a conbi nati on thereof and at

aromate tor t@oénlﬁf'ﬂng gromaie carboqgtialackt fbeapriosess for making

suclfaal 4ty 20 SPRULLIAGY BEARAKE] A3nASSRE! O APURRLE C..

I N oxi 1on o Subsfitute

mormcérbmqnhbtzmd golventiang it ehé ksabptraooarsabgénciewsreactuve bromine
invention. The solutions alternatively can be used

comugnepisiha a¢ sRlUbIe ihiieppivericand coappse maladug salt, at least
oneC &y St5 %‘Péfﬂ?ﬁﬂ SRR MY & tﬁ‘ﬁ(g@ét blgfgu}tl'i‘earﬂd“aqegbhﬂfhatlon

iS a process for conversion o mat er |
thereohanids ehdeasibené t@toeg 4r dyeb iar dédnmetaidesr noetakoidi z &htalyst

sol BoRE aispersd A deSatbed Aty r ot iablR. Hro Ukt My gigation of
sub3SReed ardmahe Hy@V&iﬁrb@r‘i’s acOfdMEF I8 tﬁ@rpr‘é%g@ro‘?'tﬁ% Hvention.

an aromatic feédstock conprising a substituted
Theasolwions afernetiveloearmave nggeshdonmreparationi di zemsupported or

sup BT sblE e sm BT Ss®ar hoxyl i ¢ aoid compr | ses.

contacting the aromatic feedstock with oxygen in a

| i dwiothereaspectnofiithé Lingentiont he preeeass fof cnustsidry df feed
conposition conprising palladium a GrouP 15 el enent ,
matggplsc cempristia SYPsibEgd dPgHlich cempgunds 1o oxidized aromatic

products with selectivity to aromatic carboxylic acids. According to embodiments
of this aspect of the invention, a process for conversion of an aromatic feedstock
comprising a substituted aromatic hydrocarbon having one or more oxidizable
substituent groups to an aromatic oxidation product comprising aromatic
carboxylic acid comprises contacting the aromatic feedstock with oxygen in a
liquid reaction mixture in the presence of a catalyst composition comprising
palladium, a Group 15 element selected from antimony, bismuth or a

-9-
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thereof and at |east one Goup 4, 5 6 or 14 el enent.
woe@iasrmm y, the catalyst conposition is freeP@f/US2007/068274

bromne and is contacted with the aromatic feedstock

in the absence of bromne. In other enmbodi nents, a

r.ocess, for nuf acture of _aromgti_c .carboxylic , 5 _acjd
confHET S BE eI £ P5h o BeGOHE Br Palf SoRbrd@NRg: AFTSIerably
the |c§?a?£st°6tﬁn§<b§ii&¥!i§ﬂ’r‘é!éeof bRMhiheand iP¥bHiaeRH with the aromatic
di al kyl arene derivative or conbination thereof, with
feedptgelen tha apsenceaf Brareiaet i on mi xt ure conpri si ng wat er
or water and a nonocarboxylic acid solvent at

te u S t] [ ' : .
O & BBl ndieo A festd B kiR B Al erboxyiic
aciccadmabyisés gonicthg @ feed haténnl egvimmisind @t Téwstiomeediallgtarene,
so provides aromatic carboxylic acid conpositions

| , .
partng oxidized idéﬁllfwa'ie:é‘leéiﬁﬁvlag}’? @r&@minat%bmemﬁ witggxygen in a
quuigjn%d?ﬁieﬂt Mtﬁl’éecgmgmgWa'tér 8F 'V\%tef%gaoé' tbRB&arboxylic acid

repared according 't ocesses i nvention or
solvesit ayteraperayst arcopressutd effisctvedorrdaintpin @ liqued phase reaction

_jnvention. A terephthalic acid ¢ osition according
mixtug® 5 lechTesPate BRBaaIH oG RECHP S ompr | ses
terephthalic acid 15 and, by wei ght thereof, about 0.1

t o TROI eRfiSh Wf@évi@@é lapshndie cerb@Yliat &d adDmpdistions, and
el ement, about 0.1 to about 500 ppnw antinony, bisnmuth
espeeially dnephinalicorrcid; isepbibralic aid @ndt raphibalenenginaboxykiei acid

corfpiBlfors bl Siorcid B Sie k. ST M et pP uSho thtalys

conpashionat beosrdirfterteothe linvertitet hep esepaimiat acd composition
terephthalic acid conposition suitable for direct 20 ,
accesing:fosa @ﬁefﬁff edeapledimenit ohthe inveaten EREIPHFGT tgreplthalic acid

. ; e _ )
andPBY YRIGR InBtedroRbul 6 o BRAM! 8Bb Hofniflof aEdiuRR TRICARd as
the atgnentalabout 0.10fo abowathd00 phatw Eptimopg| batutmor a combination
ther‘égh‘%%l Gy qnet%garﬂ% élgepm?ﬁl,fpne élgqjﬁ;tg bo.%dg? ,%g%ﬁt %ﬁg,%%%vgl 0 %OGroup 4,
5, 6GH Murlrﬂé?%rj‘rﬁetgISig?Béléng?&gz@*é%?@ts%r ESmBRREbnd @kreof. In

ppnw G oup 4, nmetal or netalloid,
anotharc @navagimast, elae nterephthalic aacdnisomgrasdiont rsuit@bfe for direct

Det ai | ed Descriptign of the Invention Catalys :
congSisisl it JRECIRE o gt 15PSls 5Bt SV CbbManist Sulipble for
martdt8ctutdventiiel eemprises RabpRGiaHe adidCp BP RleRIMNLf the

sel ected fromantinony, bisnmuth or a conbination of

tereghthalieraciginabeitsahto ahautaf 00 exewoprlladivnp calcuited@s the
elerﬁ%ﬁt;ﬁi]bg{)l@?(t).iﬁé EJS é@%ﬁg”eqan%p&nw?ﬂ%ﬁﬂ&?f‘,sb%%utﬂe&alcoﬂ{bination
thereof, calculated as elements, and about 0.01 to about 100 ppmw Group 4, 5, 6

or 14 metal or metalloid, calculated as elements, or a combination thereof.

Detailed Description of the Invention

Catalyst compositions according to aspects and embodiments of the
invention comprise palladium, a Group 15 element selected from antimony,
bismuth or a combination of antimony and bismuth, and at least one Group 4, 5,
6 or 14 metal or metalloid. The expression "metal or metalloid" is used herein to

-10 -
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to netallic elenents as well as sem-netallic and
worden3mienents not considered netals in a stPCTUS2007/068274

sense but having netal-l1ike properties. In referring

to nmetals and netal |l oi ds and conponents of the

cat st. conpositian, i wi |l be understood t the
refef Epctibl GUBERlE Someblred el A s AEEIRIES En Oflariglgments
not ToRBRIeEd dhbidisn as S‘Er‘rtﬁhseﬁ%e"\%h @%lﬁd“ﬂﬁétalclﬂ@%%’ues In

conpl exes, alloys and conbinations in other forms.

referinghtp metalseodpmetalpidsand sompenestsedidhe atalystrasnuersition, it

wi bR eS8 FAdRR IR BRI 4 Ribas s o et

andanfbtiR)idg! rdsusuen hspYednaynhefr E5MPBUAEs, aé@mp@xeﬁa)allb@s and
consi dered metalloids. Other el ements that may

combiafiamsr Bdother femas. ohgeng n@?u@éo%f’fo@ &l Waﬁ]gl’rﬂ S elements
mcl%d%d Fnoeat%ggt %SH;%%MBWIS rﬁ F\b qg%‘é?tee{s oidfh?tlh{?&rﬁt'idwsirsenlc,

ween al’s d29i'8 readi I'y appar e
antifr@:nlypgnomﬁthoéf Ghsup mﬁmbll tFnurlwm adtpolooiurt of Grloup 16 are
a ium e inven talys 03|t|on3|ncu
or BupPnss %flegnrﬂiﬁ aljmg%h th'yr?ﬁe? ”Eﬁ sHfYh P& CQ”S'dered
metﬁﬂ’(ﬁ@éﬁﬁ&lh@@ bR HlumSrRigl !é iton é%wd:gg‘a?rﬂ ﬁ{q nsg; nificance of

conprising antinony are pre err eir eat er
distinchers vebveeranetslsl awt mataliceds ihaat ceadiysappavest fon purposes
ftWhJ ch éhe Group 15 conponent is only bisnmuth. The
of the'YPYUQN-conposi tions al so i nclude at | east one Group

4, 5, 6, or 14 nmetal or netalloid. Specific exanples

of IMeRRItRt 8 papadiuret ikl piveatddehtdiist cfinddiibhstinclude a
nmetal s such as titanium zirconi um and hafnium G ou

Grogp it elpgrest wicsis\eiapymbisinethi @me gaenbinatioal thejeoty lyst

confpgBRP SoMITRIT 2SRV H0Y B s 8189 drUags versions

andt séieetli\xitléﬁﬂdan Confpessitivns Ghowhich, tHe, G@o@pildl ﬂéonﬁ)babﬁt is only
and nmetalloids include titanium vanadium chrom um

bismaithpi um ol ybdenum tin and conbi nati ons 25 thereof.
Preferred nmetal and netalloid conmponents and

Coﬂ‘thien@étbg/g F&ﬁ{ sutu%ﬁ%ﬁnmaﬁ'lé&t%e%% 4,5, 6, or 14

conponent . e I nvented conposi tions. | nat |ons
metef oamoetatioigd. oBpbcisimaxanzpids @iehose rmefalsnfandu matalloigs include

Grolp of et ufPuty SERUDy, ELETL TR sBRHE. T0ubct atF e suen
as V&eadidivemibliom %ﬁofﬁté‘lgrﬁ OGRHPE MRathRs Sfich % %%bedenum

|nvent|on cat al yst conp03|t|ons contalnlng pa | adi um
chrcanwmraﬁgl tHP@SER éner Grasire 14 ghetaisnor mﬁ%imldﬁrsuem as germanium,

in LIPS DA S ! 6 K0 SRS metpois ncuce
titartdeingi Eehdiura dwbremaumd, swdkeemi wnblyb8ehom, tin and combinations
thereof. Preferred metal and metalloid components and combinations vary
somewhat depending on other components of the invented compositions.
Combinations of antimony or bismuth and one or more of titanium, vanadium,
molybdenum, chromium, niobium and tin often provide desirable results in
oxidations according to the invention. According to embodiments of the
invention, catalyst compositions containing palladium, antimony and one or more
of tin, vanadium and molybdenum provide surprising conversions of substituted

aromatic hydrocarbon substrates to oxidized products and selectivities to
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carboxylic acids. In another enbodi nent, conbinations
w@boobit33smt h and ni obi um provi de benefici al reBCl/US2007/068274

The specific formand chemi cal identity of the

catal ytically act ive specie or species of the

aroal R SEKS: 18 ANELER BEPBAMIAGY oMb aL RS PhpsRY and

mob?@hadr?é{nb@ bgp,rgﬁ@@q tdog. in terns of their constituent
el ements, netals, netalloids or conponents is intended

to _incl ude t he form or fornms and conposition or

cormpessnaciiesionm aasd ehemical enpbneiihe catalytically active specie or
onoE RV RGO 0, B RRp R e, o

descmrmumehheif etk mVemed;octmialgﬂeSCompesutuom mr@eimsta)f their
or 10 ot her combi nati ons thereof. Water- and o

congifpgnk@eIanes. dﬂ%tau%mtam'espépﬁ@poaﬁn¥%'é "&tﬁiqg??g@ ¢nclude the
forrrf‘?ﬁ‘%ﬁh 'é?{bsceﬁg)?sﬁ%ﬁnopkeéﬁ{g th iA*Bhidht th%CEbt’ﬁ‘pBHents are

or oxidation oxl di za Beti'tuents o
catadytivally t adtve, aviosther dha:tobpoaadmmnréssed eotmbmatjortsoof discrete
onmati c ca bo lic ac ation

duct s. )
metB s e P e O A QTSRO ob e kI Rl HeR deagfigrPragucts or

othd? @PERSLIGHs WRlEsf. \AaH]OHAd 'HP@é’rﬁiéraQR%é’éIUBIea&ddjlnsoluble forms
reaction 15 solvents and other |iquid reaction nedi a,

of theneaiatitiencaropositiensitigve @eenofbsehmﬁbgaea)émbé agtidity for oxidation

of AR BTt P, et Sioad BaTbhAls o Septvity to
aroBEE cHiboXy i€ aBRIoGEASor PrddRicks. AesRrdeRpuUs cxitthtion processes
het er ogeneous fornms, as where one or nore

condlegted ol e Ly es%'ﬁﬁﬁ)&’ﬁe\ﬁﬁ?rc @EPePYB sSMAROCRTOAKYEr BEl Geaction
sonBHPOU 1P SotB} 2o T HBLL B L0 ARTHAHGAN (H0BGE0T use of

I'S 1 NSO reaction m xtu

homyznebus Naic hetepgeasbss a‘ofm@lcﬁ tatalyse ¢0rqpmsitucbreaaslwell as
nmediumis Eresent as a honogeneous conponent . In sone
hybedierasihwaichdhe satalyst qamapasiiehisdnaga Ll §ftgamponents in both

t
oL B er oL e R, Ce R et Hiler@iheous
corrtp]onmtsrrectcahprdsesrmiral Mrmmmmpomnsspporterbnmettmu i megalloid or
th f t.ahl I
comgyigasin. etedy Bt i3 eshlBlsr Baes Mdr deagfion miktusg and gpe or
moreS cémdoﬁghys RIRRSE Efh Qe CRERY NHELtBA! HFuiet pr@kent as a
nmetal and netalloid conpounds. Preferred organic

homageneaus can®ponenN8 nonocar boxyl i ¢ aci ds and aqueous
sol utions thereof and especially acetic acid or

a " .

SO FEBREN, 3t el AU Befpiions s o
solmuommwsuﬁ@lpatla@nm ame @spetti afl dntinh@ty ané igrnow, and Group

solutions for use in |iquid phase o , ,
4,5, 6 or 14 metal or metalloid components or combinations thereof in a suitable
solvent such as water or an organic acid or aqueous organic acid. Such a
solution is suitably prepared by combining soluble metal or metal and metalloid
compounds.  Preferred organic solvents are Ci.g monocarboxylic acids and
aqueous solutions thereof and especially acetic acid or aqueous acetic acid.
Water is also a preferred solvent for preparation of catalyst composition or
component solutions and especially for preparing solutions for use in liquid phase

oxidations according to the invention in which a liquid reaction medium for the
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liquid reaction nediumfor the -12 WD 2007/133978
weO/UsR7/ 068274 oxi dation reaction m xt ur ePCHUS2007/068274

wholly or largely water. Suitable nmetal or netalloid

conmpounds are at |least partially soluble in the water

oxicfipfrarriLBtors sspBeller Efoel et Ruilople metaliqrgnetalioi
confdlPas 28 at Rias't bartl)eoiup # ﬁweﬂhaf@?b@'a‘cﬂi|@|§réb%%’tlomsolvent

preparing the conpositions. 5 Carboxylate salts of
or fere at leaahaaﬁ@dlwsp blis specied oasccanblpahorewthaﬁﬁéhsmre@mpounds

of BeEPPEE. Fhnahah, Bifaots RGeS B obRyRUn IR BhiRostions

Carbéxyp&eutalld) of ahBomedIoNBnd anétadeide! aukh &% efceylare, acetates,
owng to their solubility in conmon organi c sol vents

propiagatesaPribatest Dexmata&g‘?me)ﬁ%@ate% Oxatates.| ¥id benzoates,
andﬁo%?éraﬁfye %Q%O ca %UB §utc?(5‘ a?&or\“g?orﬂé'? >generally preferred

ydr oxi ona orldes
owisgtd &tedssolabilifyi metx)mnmehhagasml dJoveatte and avallablllty For a given
trifluoronet hanesufo ates tetr quoroborates, i des
metﬁLQf W%@ﬁ?'&’n Sui %o%”@(é%“” R3YiiRekd epCP%‘Eﬁﬁe OX'deS

de%hlcﬁ‘l&%sm h&irafdk0x Egﬁg'tes hy dgjifies, rﬂ@ﬂ%‘?@%h ﬁénates

an conbi nations thereof. romne-free salts and
truflmomemanesofortam nmetetdafuarndbonatea) | oiodisleas ed acetylacetonates,

arln catal tic c ositions, are fer d15
meBogHES Shaskles: dBpbriis: PUB s A S11761 gHoSksgg i crides,
phoSEINERS tandl ¢RASinbfloeX tHERE O MBronfRE it dN Ay éémbémﬁ‘éls of the
the invented catal yst conpositions has been seen to

metglsrang aetaligidhused fasrepaling the catptyic sampasitiansi aretpyeferred

vechst PrhsERbR of Fead SRR RIrNG B g BB s rations.napigetion

readtiopmmiixteres esiplg e mvéhtécﬁ%atdjr‘yétfwms&lﬂ@rﬁ@haénldeen seen to
metalloid salts also are free of hal ogens 20 ot her

correlede Wit feReages HB LMiIvEY AndoBeleEtivitn ehEres catalyshecompositions
andpumdpﬁrféxﬂdﬁ%ﬂoﬁ% olﬁﬂe%%tﬁ%fsrﬂemgﬁslt:o@%éﬁgpts from the

cOorrosion USe 0f the catarytic co
reacibvnemdelinesaf Preddrred metak ancbmaallcadtsa%stajsmbré free of halogens

Itlons ot her e d formof the invente
ot B P TN Sual BieE HAcae S Matks Pasgnbprovided they
do FBRGRSRONNLTAAR LSRN LEOBPARE! bR EBACES BN o

I um anti nmony, bismuth or a conbinatio
advetsetyeaffect agtivieonselaotidty@fdbe compsitioner 14 netal or
met al | oi d conpounds or conbi nati ons thereof. Such

condetter e ERe Rt Sthe i TR AR ER HuRBFRRRS dalfrises -
watétﬂéndil@tf hdredCArieOMe Hdid-AEd|F0I6 tohfpodarr idp@@di Forhhsalladium,
previ ous tgaragraph with the netal and netal or

antifgeny) bismu @ﬁ'}@(@?mb'@ﬁgon m@@t@n(ﬁgng@rm@l G .ob, 6 or 14
metv\ﬂgolt | R8N oi! eo%?ﬁpf&dnﬂ% HreRsmbiidtiohed th&te¥t & Sdh insoluble

or partial
compositions are convenlently prepared by contacting solutions of individual or

combined metal and metalloid compositions such as described in the previous
paragraph, with the metal and metal or metalloid compositions, contacting
conditions or additional preparative steps selected to yield a wholly or partially
solid product. In one embodiment, a solid catalyst composition is conveniently
prepared by contacting a solution of metal and metal or metalloid compounds
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conposition is conveniently prepared by contacting a
w@odoat3xm of nmetal and netal or netalloid conpPCmtis2007/068274

-13 WD 2007/ 133978 PCT/ US2007/ 068274 w th air or

anot her oxygen source at above-anbi ent tenperatures

..such as about 80C or greater an ferab at _abo
WithGRIE.OF SRR OYBBR SO PO BB (e TP e e i it about
80° Ceéﬁtgr@Bte‘Prgﬁd’%re*féraBIyC%'t ahpdutcabty @Chb¥at CHMPESi tihoBome

l e in other enbodiments, the insoluble portion

emtmdnmsntsS the insplulje iraactinropieguchis & oatalyticelly gictise ¢omposition

whiB3h e ERIBURhg s trEThahERR kg i adial IR BgHibitation
withs®Isetubia potforpairhgiflingndftdr) reagtidh it tHe ms@ﬁlﬁblé brdddct. By
acet ates under an inert atnns here in anopu

waypPbexammie; %Bb'@iﬂ%ﬁ@@llfy aélﬁPu E%F'QIHS i Q%'@ﬂw(”é,nﬁm’mﬁpy(l”)
|
ena? ML PhEBES LOpAer 8" 5L: AP, RatUR8 Bouang
appmrpatmyiseqmrfm)owepalmuargetarmrmnd azmll tihi mmdef to yle|d| a solid
cetate | I r t
DreQRiA oM st AT | QA O CFURRIATES SRS Gosiounds.

Whé’r‘?I ?ﬁi aPERC| Rid aé(ﬂuﬁ@rﬁméf thBIgbéé‘rkr’%ﬂW Ifbtate 24Im&H ﬂrﬁ?dlng

ad Ium antlnnny and onl Yy a portlon of
appm)dlmbth&qulmoI&r moﬂybd@vmutmes @eotinoludel trhéhe solution, solid

] t th th the
preQJRR seMTs it SRt ai il G Gl g i Srtadin i R buf only
a pBRIOH 81 (S GHORBdaRrhvidits Wﬁnarﬁdtﬁels%ﬁﬂﬁdrp@ﬁ A& Emolybdenum
Contacte presence 0 OoX gen SO | ConprISIn

remagdratin @IOIWIO@I, |wnthc boHe thralsphdii rar&ndntbmcomttmaﬂqhw the

s BB FndBh e 2y 365 AeudBnePEapind@d A e

pres’sﬁnce| @faéiyg@he sofid m@M;mélmgTeSgéﬁtlamp W Of thiel sanddiuranentmony,
or 14 netal or 20 netalloid conponents

tin &f@rmpb’@déﬁu@ is Qbtzinedgperie aglY@®rial in the formof a
supported catal yst conposition or conponent. Preferred

S“Wﬁ@rds&%tbﬂi Yorin o’Fﬂ{g’?ﬁ/‘feht | néat{%@@? o%ﬂ'o'nggbdﬂﬂﬂ)rlses at

ant I nony and one or nore um an
least amaddfypall@dium eantonory smbmnmthmncbor é]rou;Mét 5I 6aord14 metal or
t.all oi d conponents, used to
met3liif FoHEoB R Be T ado Pl bR O SIpepc gt hothe dpm of a
supﬁ@ﬂ@@'@i&l?s@%@n%sitl@)naw d@ﬁ@éﬁ‘&tﬁ FrBfriery suBb&’{é(‘Ijecsatalyst
a conposition having activity and sel ectivity under
composdionis aesnriseugalladaum, antirdany end afineseibdore at tig, molybdenum

aronmat i S. i [ Sspbstituent groups
andcvgﬁgﬁl%ricéﬁ@g{:ﬁ%ﬂg;&gﬂgﬁhﬂéﬁﬁﬂar bon to oxidized

product conprising aromatic carboxylic acid

demetal iandsmetalloie comipsdnentd ededr ptésare ocatalystl solutions or

insoluble catalyst compositions or components can be in any valence state that
provides a composition having activity and selectivity under conditions of use for
oxidation of substituted aromatic compounds in which substituent groups
comprise an oxidizable alpha carbon to oxidized product comprising aromatic

carboxylic acid derivatives of the substituted aromatic compound.

Specific examples of suitable palladium compounds for preparing catalytic
compositions include Pd(ll) acetate, Pd(ll) acetylacetonate, Pd(ll) propionate,
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for preparing catalytic conpositions include Pd(11)
wae®rasmwys Pd(11) acetyl acetonate, Pd(11) propiPCEUS2007/068274

-14 WO 2007/ 133978 PCT/ US2007/ 068274 Pd(11) nitrate,

Pd(11) cyanide, Pd(I11) hydroxide, Pd(Il) oxide, Pd(l 1)

Pa(Ih S B0 Pinites PALLl, Aok, (S, didte. S8l Gprate and

Pd(ﬁp@uﬁ‘ld@sr SHBERGE t thsCad iy Hs eampRss! bPﬂédl@ésCQﬁiﬁoﬁ@n%e in
which hal ogen derived fromthe starting salts is

preWﬂfﬁtIO@IOf|SQ|IdJrﬂr>BU’@@Qrte§|Qﬂ@lyStp@@QQﬂSItIOI‘mS oheomdangals in which

vl GRERL 4 FOPERE $40 0, R5EDS M, L) st e

finaf @ump@ﬂeaolcutnp@emohn WEberprepakfliePows caapani corpbsitions or
however, use of halide salts and especially brom des,

pa”a@lum é:pgf%eﬁts aheriegedn ther f%ﬁb@ér%'hltdﬁﬂsofn é’\ﬁ?ﬁﬁbrqre@queous
orgé;rﬁ% %Hﬁ%t hS\RItQRQrg'tU}%b%%aHB \whits %neaé%p%g!ayg]bg?r% cLée%? s preferably

net a or net
avomupd:‘sort preparatiod @fan“uppeﬁedrcaalgc@t @amp@mtlonspm wad:htmalladuum

.. supported % suit bI e support terial such
eithgpalope s aviteiet met S&nm%@ﬁawﬁ@ COPoaIiogs dscaried on a
supHéﬁf HBhiia ﬁé@@ﬁpﬁ)r@d Hﬁ?s it é%l@%%%rt”ﬁtaﬁ%a@rsu & Hﬁéé’rlbed

npoun compoun ant1 nony or |snut suc
belcusasd@allac)llum(@) alleys Bb¢ e ysefut.oxi de, Sb(111)
et hoxi de, Sb(I11) isopropoxi de Sb(111) nethoxide,

or SoaRtRie’ 86 sty SiobPadS dBpe "t MLy, Sthbhidcs are

corrt oﬁhnd@xmdgntulnbﬁ mbﬁ;ahatﬁ @&ha@sss(m labbtaa@eS@(m) butOX|de
i (I'1l') carbonate, Bi(I111l) chloride, ézm)mt

Sb(ﬁaﬁ)(qethp)udet uh(llBeisoprqppxide, usk(ldk m@ahpmdle) $fdli)dexide, Sb(lV)
oxm%, étﬂ/; XI0 d?ﬁgﬁ (R Et)smggsgﬁrlﬂ?%gﬁ%e %PQY} %blflﬂbt Eaﬁflr%t)ny tin

oxidegrisisinatratsalts ssiohl lab)Buplth@@jméte BHI(l) Icbybaradte cRBi(#Ht)echloride,
sul fide, Bif( g titanate and Bi (

Bi(F) bt e DY T B0 Tpplp. BWE: ModonBiliswobkgete, B

neoééé?r?cgdté aBi(ﬁ{/) ﬁ%{)rgfegiﬂgﬁi%%g o%l @80 A g?é(]ﬂ@rﬁ@é’?l?@ i) Perchlorate,

Bi(likpphompinate, &( | Tsglicylateli Bigidpsolhidej Billl) titanate and Bi(lll) triflate.
b| s(acetyl acetonate), Ti(l1V) ethoxide, Ti(ll)

a8 qu-lc%I Q\%OL'H?S?PT o ']e%ﬁ%un 8\?h@éne§r$%+%edlg-l%glc}gtalyst
tthdnacsﬁeyé@étﬁ)n Tird)8e owwj f lxide, (I MIVPr eeidee. Ti(IV)

[11) 25 sul fate and Ti (I sul fide; zirconium

carmﬂ\ﬁsdandﬁ(lvmmsggmoxmet lig{acetziaoetgnasg), dEi(IV)zethojde, Ti(ll)
f t , | ' . .
nvailley 0 JSibypBe: SRADmetinde,STERT Bkide, Fhp ice. Tiov)
omd@ertlhll)obaid% aZé(yléé)ethrﬁHiedGI' i(IY (OxYBulfatd om{lde, pr&p()klld'é Ti(l)
quorlde ﬁ% et hoxide, Zr(I11) hydride,
sulfaipdansy d {DHos SR eZirCoRiM AORIRAHNAS GTHSBLAR <1 ébkté'ﬁﬁi Zr(i\@dOXIde
Zr(Ns?Zléfﬂ;ft%{GeV) ZHnPU Lt ezt § | pfdpGRER! FravinAnliBloh¥tylacetonate,
Zr(1V) chIoridé, Zr(lV) perchlorate, Zr(1V) iodide, Zr(IV) hydroxide, Zr(l1V) fluoride,
Zr(lV) ethoxide, Zr(ll) hydride, Zr(lV) hydrogenphosphase; and hafnium
compounds exemplified by Hf(1V) t-butoxide, Hf(IV) carbide, and Hf(IV) sulfate.

Examples of useful Group 5 metal compounds include vanadium

compounds such as V(lll) acetylacetonate, V(IV) carbide, V(IV) oxide sulfate,
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vanadi um conpounds such as V(I11) acetyl acetonate,
wO/gdovi3das bi de, V(IV) oxide sulfate, -15 WD PCT/US2007/068274

2007/ 133978 PCT/ US2007/ 068274 V(V) oxytri et hoxi de,

V(V) oxytrii sopropOX| de, V(V) oxytripropoxide,

Vv oK o OERE RO nY (Do MaRGEP e ygnadium
omd@b(elc\é} |§@8tBhER, We(o\(ﬂlmdaxﬁﬁé de3- H%'tﬁﬁloéymrﬁrﬁé d%’nd niobium

chloride, No(V) ethoxide, No(V) fluorid

comnwws. sihdesalNB(IMd aarbidieddNb 3ViEchgridss Nb(lumumde Nb(I11)

chlo%%wglpfyf&ggét@t Bl,b(\?,ﬁﬁﬁjred ”}!%QSgo%“{%%ﬁweﬁﬂr&dﬁﬁgﬁ& ,

Mo(VI) oxide, My(IV) sulfide, nolybdic acid and

varEx@mqol@@bf/bsl@mesarétm@eﬂcdmp@irrdymumdeahbrybdenumot:drrgpounds
acetate, Cr(l11]) acetyl acetonate,

suci aetyiall) Sestae. MoliaspRie: B0 hsxacaropml Moty iokide, Mo(Iv)
sulfidlt Hcﬁﬁ%dlpagdl(%ﬁq 0%4d r’r%'ly(b\GQ{%QQVIg@)\ﬂQf(rjoH idm salts including

phos ) su ate rrous chromates
Cr(I(IQe(Mte)te,aﬁId(ltl) clcetytmdetendt€r Z07H) cexeidp] €5 lnéxacaebariyl, Cr(lll)

nitrae ot B D N 5 B R ST AL i{‘rﬂlﬁg(,pges&@(ae&(m) sulfate,

f d Ge( |
and \)al#i%g)‘azl‘ég(reorﬁﬁ{e's\(blrg)é?ﬁ:aﬁra dééﬁ%fn\é)te Vgérgg}zgog'ndeee( I I()V)

sul fide; tin conmpounds such as Sb(Il) acetate, Sb(l
ac&xaﬁHD'e%@(f lusefu| Craup, 14teta) of nlstalmdosora@oursiﬁ( incjude Ge

acefyf BHUVTERRERES GetBhLrtboRds) [68ns Wl Myl Sov)

isopPbpdride 0&al I&'R%etﬁbkid'e) Ge(llgaqltrﬂé( |Gé(IV)Obilhé|emd/ @’el(lll)esulflde
Sb(I'1) pyrophosphate, Sb(l1) sul fate and f I)
tin %Qmpwréds &Hen @a@b(l&)oﬁﬁ%taiﬁjssgﬂ\ih agstape, Pbfll)aeleatg, eSb(IV) t-

oG o SPRT o e ekorR e, SRED VAP, (Sl gy, o)

methadmlﬂfonﬁtr( 1SH(I1) 2¢B- d@phtﬁ’bl@byanlﬁé 8b(Ih axetait f Sn@k) @xide, Sb(ll)

phttwgé .r@x,%tgﬂ? ppsERq bhbten.S b(swfz;té(' | §:B&lﬁ)a§tg1§de and lead
corr?&]]bh?s Jefeh Psug%dé%tepbbgk/? 8 dté}’b |F) ac%ggééétonate Pb(ll)

ulfate, Pb(1I ul fide; tetra uor obor at e

cartrin@te,) Ptbl(ﬂlbqnmmee Plp@l()lilgortdet aﬂhtlb) iodatg, | Pp(ll) iodide, Pb(ll)

metbabeBRaR.bffroobbple. TR IEOGHA" bell hiai Po(D oxice,
Pb(l\;)cwelaédp@l(mvse@hﬁ)raw Rl 1g pmﬁgﬂobgﬁamaé P'b@lﬂ?)aéalitgllate Pb(Il)

ported or other solid catalyst COfT{)OSItI ons and

sulfei@rrrf’cm&hsglﬂdeo I?]b(l\Whﬁeérﬁﬂh@wo@@éaief Pol s thigayangterdi(ll) ditanate,
oy dpRReRe TRFEF ot £o M e Bt e a ot yot. o

their corrponents As with palladium supported and

ot =lidessdlthbIneethizr asd ofietbheidSinclpddd abové aagdultdble used in
metals and netalloids,.incl d|n their alloys also are

PreRRIEYLPURRPTERG BROIRY 3Q)id aatgﬁgt compositions anc}/ components from

which halogen from starting materials is absent or present in only traces, but not
in preparing soluble forms of the invented catalyst or their components. As with
palladium, supported and other insoluble forms of the Group 4, 5, 6 and 14
metals and metalloids, including their alloys also are useful in preparing solid and
supported catalysts and components.
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2007/ 133978 PCT/ US2007/ 068274 Additional netals and
woreaoal1byrgls, e.g., alum num gold, cal cium caPer/us3007/068274

cerium copper, iron, gallium indium iridium

pot assium lithium sodium rhodium ruthenium

L.Uum  ZI NC and, co nati ons er eo
> neiR et e Retioft, o a pkASNGR. oY caiyra. pacmium,
cen@r’ﬁn &@;Bryerdella@rﬁ‘dg%glu%‘ Mg, 5|ri@QJFﬁ0rlﬁﬂé§S|@rfn thﬂlum sodium,
np03|t|ons an anmounts i n which ey are used
rhoctugrrpdslwhheswm sl eRiumMying @néndmmadlmsuth@repﬁmam ingduded in

ne podonie R ARELER, Shoip o BHEET ro BT BhPEI0 APHE Biner

con’fwh@m@ dsfs théi tompesitios| bad eamotmltd | hesvhiebki @RS, are used.
hydri des carbonat es, phosphates, perchlorates,

COWW@WW@M@%@'S %ﬂ m@tﬁ“@% éfﬂ%tt maﬁéﬁjpmﬂ‘@’spreparatlon of
ate et on nme
cod i SRR, Py 8RS TBL TS g ot
carlsxylates, ahyetmlxndésandq|tram|sporsnﬁdte‘sorrmjlfaesl, aloximes, hydrides,
t hereof. Sel ection of such addi ﬁi onal netal s

r
carbanales.oi ds aRBo 8hat i onsPEEHYYSIES t h phoringg‘sangﬁalfonates,
tnﬂdé’%‘eﬂ?&rie%ﬂ?or%fteé" %trﬁﬂ“’ﬁ?robéfbttéém cfegflggét%ﬁﬁ@a%, angkthoxides,

or neta
ethq;qcumﬁ f propoXidesb dulitoxides cdnd lodhématkoxicms, asatvedly s solid and

i ti t
supBER ety And los dhethdl o HENRNCAT cuih covbafdnmegals or
metBRoidls &hd Bomﬁﬁltaﬁbb@tvaﬂés GMEFP@H&%S I%frﬁpéérﬂblr%ﬁéné rbft;ﬂ@tlnum
formof gold(l) sulfi cyani de, gol d(lI

antimgdy oXi tm&mug“oaaqlqinoypm%efi oaﬁé rgetady o1 metalinids. dén a specific

emtliFRhE 87 P Bar Bl carBlief sBel s, ofeing Pefdiogy and

bisrh@thisarier &ihiedriced lf)@ﬁnd?uﬁ@lﬁlfdfrgfbléOWHhiheca?rO&bﬁﬁerile@ﬂﬂ,S b@rwlsed in
conponents due to potential corrosion fromchlori

catalyq qrsineRanenbrgepdetians i &s rmakgeld(Y selfise g%la(lh Byanide,
go|ﬁet)aﬁag§éuggg (hl)aB%g%Sﬁacé%gﬁ KR éh‘iof@ée ea%do[gmudes

cat tlons ar e
such oarmgold()n) dwlmudemenrdcbde mnfpgslbl(lllprchldnmlb mlalyyalelolwged but are
ase_ of aratlon an vail abi |t

Iessn&r%ferrggd PEPPHING BinBRMACEHig Sf%ﬁ’é}tﬁgﬁpc’”e”ts due to
potéHt%Pé&ﬁ‘%%uBH R cﬁl'o?u@e?%ﬁe%élﬁeéhey are in aform

conpat e with use of the catalytic conpositions in
oxi dation of substituted aromatic feed materials in
| i qurganishacié sobdionsoof thggatiagium,| antimenwl kismpiéh and Group 4,

5, St arisialy e MerUBREC LB Lafay e orbndu i dfterred forms

of tigglthvien@tt ebmpesieibnamat ohlyn@iditd ebde of pspardEod@ndravailability

conponents or conbi nations thereof such that a final
of certnaPy Mmetakanghcagtalleid gosnpounds useful for their preparation but also

because they are in a form compatible with use of the catalytic compositions in
oxidation of substituted aromatic feed materials in liquid phase reaction systems.
It may also be desirable in some embodiments that the catalytic composition be
formed by separate or sequential addition of metal and/or metalloid compounds
or components or combinations thereof such that a final catalytic composition is
formed on addition to the liquid reaction mixture used for oxidation of substituted
aromatic feed materials. While a preferred form of the compositions comprises a

-17 -



10

15

20

25

30

formed on addition to the liquid reaction m xture used

for oxidation of substituted aromatic feed materials.
wakiora3m7pref erred form of the conpositions coPEI/USHe7/668274

-17 WD 2007/ 133978 PCT/ US2007/ 068274 sol uti on of

metal and/or netalloid conponents in a carboxyli c acid

0X c.,acid solvent, it OIS be
solfipr LTI areder Tieteldiy ZRrTRat i ML aceiroBE: o8, frsagreous
carBdi@h@%tdﬂ ¥bivent OfRMSd id 88 bRl uhdSrsfduRs tdt Ltﬁ@tmV@r‘it*‘rBrﬁmcludes
l'oi ds or ‘comnbi nati ons t her eof 5 I n anot

othq)"rf@rr@sr@‘dth@nmiaiytr@rﬁormoalmm phw@mortatituemtraetﬂs dnetallonds or

oMmosi_t S, or conponents thereof are fornul ated
Com'@'oﬁptbg%d'nat erials. The catalytic conposition or

conmponents can be deposited or otherw se conbined wth

t hén asotirprefatert ealbodimanty of thet mban@:ecmwue commhsutuons
as by contacting a support material, for exanp

or GATEPYRANP GhepRal s JOrgIUlAERc Wi cSHRRTRIRAtSalst h P ey Gatalyti
cow%@‘o%“b%s%@bnéﬂ § far CHefThéﬁbéuﬁéé bP I EHafrse cHfindd With the

ution catal yst netal conpounds in water or
supaord:trinetersad)lbyeahytshaﬂables tecreriqud, osudheasuw)mohtalhng a support
renoved, after whi ch1 e, sol ven |s re

mat@U%‘h ‘%ﬁl’ﬁ BAPR iy ke Jorn et p@ﬂetsel%r@QP ?u?r other

partﬁ‘?ﬂatél&hscﬂid%aéwfébsto ?ro?!e@ghj%es%t%t feu":\;'Ebltﬁfon‘?ﬂn4 catalyst metal
catal yst netal or netalloid salfs or conpounds can be

compapindged ssteca0r areibar iselvenbithaisissieguieiot trwl support and easily

ati th solutions of,individ cat aI .
remplBd; 878! Wl el BoREhtlls' et fUishvas 8] iHd ot Bhbient or
elem’é@rtembérmu@ | IAYredlivht pebparatiory)e @Tng@rs@m"f@nabﬁ aPrcatalyst

netal | oi ds, for exanple supported pal l'adi um

metabﬁbm@aﬂ@d il PeCeBRPHBER $aRi b erraolgmdjtaisogarbponcurrent or
seq@é?ll]tlngl llrﬁggﬁdﬁatﬁhg%lt C?&Ifﬂ %r?st ofTﬁP JH cg%tlféiln%ntg\ll%?rcrﬁegalloids

ues

or confhmeationss Smﬁo’tt:tr@der\lms ipr@umpfegnamed afithtdree @0more metals or
catalyst nmetal or netallojd conmpound in an apount that

met?l}%'tjsmf@( EXBRWIQ éHB@?rttedaHé”a@Wé‘ QrRRONIS) @ameem&ed with
L | {.ed C W s

a sQURBPTE Schu e ofbe cARANT Merk ¥ meHbiut [Sbglied incipient

wetmmshmemmequmhm |vmfnashrszse;rp|ped ist coamactdte withx @aesaglution of the

t met th t
oty fpadl o Bieliliois roReb Bl Thah arenanasts welsune ugrort and
therf f‘tﬁ@ F(%ilﬂ't'lrfge%étféd’\'eéup%ﬁ KRR, - ad KROWRr aMdl @l suited to

sol vent is renoved ﬁb ying, for exanple by
marsfagiorenof te catabsts. alfbaeethet sutiakledashrigued someiines aeterred

o 45 Bicr Beer Sping (EbR. 5 SuBigl: R BorGRER WFng oreater

voluneavos bhtasremord @RpEgPREOH SolutioRgrthie ebhlifste o watiéfe @8pport,
spraying a solution of catalyst netal conpound or

afteg yvipelirplveiitis enaenasboy dming.i far exaseplarky fyeparation under
amBi@Rt conditions or with moderate heating. Excess solution techniques are

sometimes preferred over incipient wetness methods when using low surface
area supports. Other techniques, such as spraying a solution of catalyst metal
compound or compounds onto a support material also are suitable. Post-
treatments, such as heating and high temperature calcinations in the presence of
air or nitrogen, and reduction with hydrogen also may be yield catalyst
compositions or components with advantages or characteristics of interest.
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30 treatnents, such as heating and high tenperature
calcinations in the presence of air or nitrogen, and
w0 e@aasiossr with hydrogen al so may be yi el d catedHES$2007/068274
conmpositions or conponents w th advantages or
characteristics of interest. -18 WD 2007/133978
P US2007/,068274 or use in the ipvented cess
any O HSFITRING BVeping RIReaRs.AnceRres farithn CalaNvs oA masition or
corﬁd&?ﬂ‘eﬁﬁs}c tHé?ébf trfat Sis adibSlel i fHéeeﬁ\VlVorfrﬁéﬁ'EeBﬁd A neiditions of
conditions of process use is suitable. Preferred
progasspaae israitit@bleal Brefeeed supgerttmateriatisears: sglids that atenstable in

the SEPSF Snaelid iRl 1ikdhy Bfthsld ey Shetatoio
loadMigs itableOts HrétatsO BperhtionPessl pfolbRgdd a@dSures to process
condi tions and use. Substantial insolubility of the

conditippdranchiger eSubstantial inrsoluhitifyi of &misupped ayrd resistance to
S|gn‘ﬁ"f’cta"f‘1|t Yorks %{ﬁélygf m'égélel'lrlrﬂ %nbfa%?aﬂgs iy W@é%r Qgg[;e%os acetic

gueous ace SO|U Ions a ures

acud &aenor%ﬁoamﬁwaufos o’laaudeasm%mn 1t0I®éCdodadrpeabd odetheradter of
or. exa east 7 ays, are ndi cative
SeV%ﬁﬁ e %ruﬁisg&pﬁ%t@t ngesl 7 afays. e WH(@&'V§u%fa§th%b'?o$Upp°rt

matBfsls! nPf&@rréH nﬁ]{ﬁ)g%ﬁs%ig%%ésm tﬁ%l |H9§nt%6r|9r%'6§ss ¥Wude carbons

non-zeolitic oxi des such as al pha al um na,
andgidn-zealitiamdetal oaidiea such@swualping alumunal silicasiand ditaria, including

A f d whi ch bot t
rutlg A A TE oFRSe i pre Bt iREAS SBor N 58T fiAtpse and
rutllérﬁa%%fd?ér@@s&ﬂc aNBsR-zepfli¢ 58Pporite Bfe preferel REtRRIdBIRolites
stability for use in oxidations according to the

tend 1o dagle@deguaieosiebiity @mese srmmdﬁat@nﬁmcmrdﬁag fethe invented

procsh ol SDPndF A malcb I Rl i e Syghll!, S8 stable

sulucanmdégaznmoafa @‘amrﬁaldl@hlr@ @rmrmhbcbxadé yCaw@hbalekemples of
carbon supports tend to have BET surface areas

suitaklgfiomyMerdalyad\ailablneardon sppRoESfiead o HAxE Biylavdace areas
ran@ﬁé Gforh Gbolt 8 dé\fénaQ?rlé'i: iora) &bl%ﬁ{a gqet%})@ g?é‘rtnqg) to about

face areas to run rom
15ooae%192Merra| oMUeIathacbaaTeas tend terabfrom 5mmehﬁ/g oY the case

of r&le cliias Pbrim Aol abPuE BrORANIERS ) SPReS MBI can be used
in aﬁﬁgrédl%%ié‘? é’b?eh‘hﬁ% of #H h“lﬂ@ltu%e ;56\9&1?%[ a&icﬁf‘é%b@spellets

heres and mi cr ospheres. tal yst ad| ngs
extrudoiy@orcatﬂeltscgrqmées ispheres endoniceasphecsd. Chtalyt metal loadings
f er abl

of siyBBSHEd 2anthostrs He et hovenJae8is .56 kg of about

0.1,t &1 BheferHbNP DL ¢ GBBDO 20t 4t pRsterabl e 8 ptdehOby Wdbht of the
catal yst performance and activity. ~ Proportions of the

Supparte@ ePmPOSHIANI ate myeTeniediat hlgh@aialyslepe@rrr@ncarﬂndlactlwty
netal or netal I oi d conmponents of the invented

CaFTR B SR SRR tRty, B, SRR 'Y, o 1
metal or metalloid components of the mvented catalytlc compositions can vary
widely. Preferably, palladium and 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
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present in anounts such that the atomratio of
pal | adium to antinony, bisnuth or 30 their

w@eovhilseErs on i s about 1 : 1000 to about 1000: BCT/HEZH07/068274
nore preferably about 1 : 100 to about 100: 1.
Proportions of palladiumand Goup 4, 5 6 or 14 netal

10084 TRL b b e L ! SORTNRBICRET ! Bisdilns ppmeta
andpqsﬂ_étgﬁiaeoﬁé?ﬁéﬁty in 19&9%usl cﬁihﬁ’blﬂﬁf&w@@irﬁr@@' det@ﬁﬁlﬁedl and

to about 100: 1. Proportions of netal and
Optlmewl fasi maréctdaéﬁomburratmmmuaamﬂ hutdessenscakillee in catalytic

oxidefRG leh ot anafB of' 6 Fardl oY biabliPle & " BABRLIRS ocics
guidedr byraeud esiriptien @hdlsarenes ébg aamhhediene

di carboxylic acids 5 guided by the descrlptlon and

exanpl es ?ﬁdoea” ng herein. A preferred cataly
cor?pd%f?fqr Sy ‘Pn@omeo%'%'&dﬁﬁ%ﬁﬂﬁ‘goftot ﬁ@quﬁvérﬁtﬁl &h the

mve‘h‘BB’Eréoﬁﬁérl?e ré) AGEHM COPRYMER, afledsERRE é’rﬂﬁg@i&% Smﬂf’é’muth

onent and tin, trtanium nol
companadt amg  ¢ing ditanium, mcﬂybdﬂnwm 2anachiurii nhtomlmm h@iokiom or a

e g T e e S
nfE?)noﬁléﬂf‘ea’H afimbh coFripbﬁ@hHth aY R OHB @ B AR &8 BH Mitanium,

her particularly preferred conposition conprises
vanadlpm Damqybde@wonénothea paridculanty pmf@me@nomp@ﬁdloatcomprlses

tonetln niu i obi u o, oo .
a polfum roBhBsne & SRRldh, sBhPSreth ABR HotE Bl tin qttanium,
motﬁ@hdmcﬁwdeﬂm oﬁ@hﬁawmtﬂnéorﬁ@wtt QAdlitidh 6P6Pes hidtaBsuch as
can al so be beneficial. 15 Such conpositions can

golcs gailisin, GRQIUMANGZIAs e sLER sampesitions ¢aniaise be beneficial.
subst it ut ed arormtl c substrates according to the

carbagy BT RC e FEIGY dobiaPle ARG for exgaton of

vatives enbo
substﬁbtﬁd areinyatlmbstmates alg:onﬂlngrtort’aianrwemlbat\mm geodiedlectlwty to
anic acid re ion solvents to carb

0
aro@@g%ﬁamyﬁﬁcﬁﬁé WARliYes @pS: 8§t seAe smqqogammsaﬁa'at've'y low
burrﬂﬁgeéf ﬁﬁfrﬁétl@r g%gtr%%abh@'&%bﬁlcsﬂéla Fé%lHPiBﬁ' éél?é‘ﬁ'tscﬁﬁ carbon

y W dely and can be opti or tallored
oxudqsm Asadesm@edyabw iatemesaiosi ufeﬂiteapaldﬁdlmm : (0] otblyert metal or
osur herel Palladl um and ot her neta
metﬁh}cel I|

W‘c?’uﬁ &(91%99% Sovat ¥AyoNidiYs add &ap kg 8PL§’BI'Z3?d or tailored
to @dpﬂ%@ﬂéné A FBUtHES eSdb@HrﬁéWétldrh%uﬁ’déHnUya‘th@ déclosure h%reln

pal | adium to each other netal or netalloid is about
Palladlym)an@ aditgyumnetal @r mqtallq»grqgrrmcm%ﬂ aplcpmponents are preferably

preiEN Bird RS s e Db O B0 RUARURET if UdsFRfebmeger o
metah@itl isboustihert OICDEtroaiab@ut @0 al1.oiMorel su@fe@b@bontcolnposutuons

10, to about 10 : 1. Preferably, the conpositions are
comprisingopaliadiyre a50d anfimReRnes E'Isﬂwtkﬁ,rtéé aipmrrafietaf @etimony and/or

bismuth to each such other metal or metalloid also is about 1 : 10 to about 10 : 1.
Preferably, the compositions are free or at least substantially free of reactive
bromine. In some embodiments, compositions according to invention in which
the atom ratio of palladium to one or more of antimony or bismuth is about 1 : 1
and more preferably about 1.5 : 1 to about 10 :1 and more preferably about 5 : 1,
and in which the atom ratio of palladium to one or more additional metals or

metalloids such as molybdenum, titanium or vanadium or tin is about 0.3 : 1, and
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brom ne. In sone enbodi nents, conpositions according

to invention in which the atomratio of palladiumto
wo@e@70839m0re of antinony or bisnmuth is about 1PCT/LSB07/068274

and nore preferably about 1.5 : 1 to about 10 :1 and

nore preferably about 5 : 1, and in which the atom

ati o of I I adiumto_one or nore additional tals or.
prefRtcly PBPHE T 1P HB0MER 5B OTE RrBIRT Y O el Aol
effetlive if6r abaktidhs3 withl hig GonvesioMe M7 sbigtliviies. A specific

PCT/ US2007/ 068274 preterably about 1 : 1 to about 5
exampim of goele apeaialyshihiay ispedicumarty affeciive agangposjtion for oxidation

of GurEHb e pimatk SBhERPPGY WanhBll SFNERNSA R ey o
correbpodndifig RAbiratie dcaposiicatidganelRareH baladili®r component, an
oxi dation of disubstituted aromatic conpounds wth

antiRIopl CORRANENbN 2R & eYaadiumt pr ¢ B1okykdsnUeE peol@pagent or a

confHirtARin t‘l"legé&‘adrt&ﬁ{h'e? vt SSoth8F h’[é%sorgne?al”b%dg&ﬂh]onent such
conponent, an antinony conponent, and a vanadi um or

as mb%hﬂﬁnwwﬂmwmﬁiemn amoialnts:gumi tlrﬁtitm)esgI atdmmretid o®patbéorllium to
either with another petal or metalloid conponent such

ant'ﬁ?”&fﬁrmmﬁh (qrtaaﬁq)r@.gﬁ'@,tlopith(’arqoﬁ) %prge_g Th V?Hﬁé'ufrhé'n or

conﬁ)tlr?ré’b[]ldnaﬁe%&fwmlela?ﬁ'dfﬂért Sr s@ﬂt bfﬁé?%n@traléébls %t?l_léi@é ifabout

co nation thereo to noly num vanadium tin or
1:100&50nmbi nati on thereof with each other or such other
metals or netalloids is about 1 :1 : 0.5. The

mechani sm or.. nechani s b ich the invente "
Lo TDRC ridt iR Soif MSdanitd T il th Fieffed compositions
catahyhs rbAstimt dbedidirgbler suBstitGestoraurinid aravnblic EOHMBRIMJO with

oxi di zed products with selectivity to aromatic o
oxygen 1o oxidicechredugts with selsctivitie i paypatiqigarboxylic acids is not

undgf’%ﬁq‘ﬁ.gb' H;{i%?ﬁ{b'égﬁfohsa& .t?!.'& ‘g%g\ziﬂi mécﬁféﬂé‘éﬂid?f to?%lﬁy}l/—substituted

arona as pa

aromztich asdvele b airtiaBs oxidizeeoderivaitiobs dlsercof, usuchags dsluic acids,
hydrox%nethyl_benzoic aci ds, aromatic al dehydes and

hydex RSty diergpifeddesaromaticaidenydeasngt eanpoyypenizaigehydes, to
ar, ' ’ rd ' : ; m t
oL CBRPIebfy, Miidiedt CHBOINED ocE REFRUVEED. A sger o the
Examgiles herals, oértaiheofithe emdieidu2Dmedaip esid metallodddhobthte invented
sone. activity for conversjon of para-xylene to -
compRegiopsdeNAPbrEAIE AR Y 2T VRAeRaP ot PREYERE to oxidized
aroragfy Qfe‘?i'vﬁt"l'\?esaﬂﬁar@@ﬁWe?,%@ﬁvé?ki%b%re@(%d#gﬁk&hnied by highly

selectivities to oxidized derivatives of
varying setgdtyitesatnl addized Werivetngareibthe marawgiengr ead epften by

rning of the - xyl ene t rbon.. xj des, er,.
con B el e STRARE RSB i 20e RINE 1o ARG Forices.
Hoved\ér 0BempositionsDihewRchupakadiom, Greimokd 6F bldmo®t adndobne or
netal l oid are present showed increase and often

morgrﬁw,e@ Qz@hUérQﬂ@]@eEQi Gyneiedeld aredvreset showed increased
andBitdn’ BhéNsetted BbAGArSIENS! t5%xidized aromatic derivatives, selectivities,

reduced carbon oxide generation or combinations of those improvements and, in
some cases, potential for further improvement by addition of combinations of

Group 4, 5, 6 or 14 metals or metalloids.

Activity and selectivity of the invented compositions have been
demonstrated in liquid reaction media, including essentially neutral systems such
as water as well as mildly and strongly acidic media. The invented compositions
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reduced carbon oxi de generation or conbi nations of
those i nprovenents and, in sone cases, potential for
w0 eoovha3978 npr ovenent by addition of conbi nati oPGI/082007/068274
Goup 4, 5 6 or 14 netals or netalloids. 30 Activity
and selectivity of the invented conpositions have been
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I'n par a- Xy ene OXI gatl ons
ranging hfrerneabowteht todaboutp 46 wt%nandseelecﬂl\nma yo Iartially oxidized

nte s R PR nal Gree paicaton 36 4 eBh Pl ackb Endettg dectease
in MARSRAMAAN1AL Whicknid Fehafdativh lof %ré@sé&ﬁéét‘a%tlb}éd@iw)ﬂ' EQEn with
i nt er medi at es capabl e of further oxidation to

100t wit%apwetell B8 i reaelded nedidee raxdgation rangatbfrom modest to

vigdHiRy Ui Seisflig iy folral SBIGRIE o8 HFERRGe PR BARF e

50%Bad we hiekk kg Bowbr kstged from nodest to 15 vi gorous
whil e selectivity to aromatic carboxylic acids was

generall greater than 50% and as high as 80% or
@%%%éﬁ @p@@fglrwct%.emwlmsn@@wwae@ igR hdbit activity

and! @é@éﬁtlvﬁgg%rh E’éﬁve‘?‘ﬁrﬁ%vbwstlt@@‘éj fidtic '@96 ﬁérbons having

converti substit ut aronati c rocarb avin
oxidizabie sabstdusntsstoi carboxdictacid aieb-aty\!esc vaihi relatively Iow levels of

ourtfs: HE 1t Eslosels oIS By 8 59t aCe  deet By Faacton
SOIVERBE! | @onePAoteIyrs ca%ﬁero@ddé%n téhd< 36D Rrex ISt SREkeasing

to increase wth |ncreaS|ng tenperature other th I Ngs
tembeta’a@ree@trmr thinge being eggaloand copsetsion W carbae dippeaappears

e f r Qve n nonoxi de. The conpositions
to bé?@ %gfjaqy% Eg[;bo&%aﬁs%qg "of substituted aromatic 25
substrates and show selectivity to aromatic carboxylic
aciTthe idonpesittdrzerae cfctive for oxidation of substituted aromatic

substrates and show selectivity to aromatic carboxylic acids in the absence of
reactive bromine. In oxidation trials conducted with added aqueous hydrogen
bromide as a source of reactive bromine, neither conversions to oxidized
aromatic derivatives nor selectivities to carboxylic acid derivatives were
improved. The invented catalyst compositions appear to be tolerant of small
amounts of reactive bromine in oxidation of substituted aromatic hydrocarbon
substrates, although amounts of less than 5% by weight of total catalyst metal
and metalloid have been observed to deactivate the compositions in the sense
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reactive bromne. In oxidation trials conducted with
added aqueous hydrogen brom de as a source of

WO 2@ct1339es br omi ne, neither conversions to oxi dP@BUS2007/068274
aromati c derivatives nor selectivities to carboxylic
acid derivatives were inproved. The invented catalyst
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con$@&iar ided3d .arer garictiviey Gt awaaf froﬁﬁ@bﬁréﬂlésé&boxklllc acids
catal ysts used for oxidation of aIkyI aromati cs

towargllepefldlypxidiged derivativesd sel ectivity appear
reI atively unaffected but at greater |evels,

t Lyt 3 ft f
CONERSLATSARRNE AEERILRS' L EaFl LyiRls [t penie
catalgtia catriposgion$Sardl hbblu@hlecsioedi,ythec corpusitionssa@néffective for

, actl t.h s of the inve at al yt
oxida ot BrBeUER: Brinalin SubSiras, Qb Wiy das sypstantial
con@érfsﬁﬂ b¥ Sub8fi tueﬁ?(bpéll Oty ?rﬁor‘éu@lﬁg'dﬁﬂlﬁ fHe‘Pi‘WﬁMé‘s substituted

substrates, exhibiti g activity ftor substanti al
wuthc@nfdmydeogrmjpssmboxyjmtacgi QPSP corrmombﬁnatlops thereof with

dd t bsti_t l.deh :
seleffyfi 36 cetbinifl e e pliRg: abifsihollohiedaff DNE otrammipe to
prombtdth@oa@AtRsH. | XétiwitytehdCas|BEKNtyi oF tRe 'cgr’r@)b@l#l@ﬁs iRi¥E absence

W t hout need for usé of bromné to pronote t

of reagtiyat breminaeffiold eynwnbesel benefits tqndo@pncrrwmtles for advantage

i . o .

ovel PR RO hsbPednt S, BReAIiE g ar I cRpEHES Fgpo bromine-

proradisantaigé/stvas welings alterzive piropesais thhdrelpardcaia@ts with
aromati ¢ substrates using. brom ne- pronoted catal ysts,

low zactivies aﬁda$Q|§€tﬁ/étﬂ€?Sv@'b@'ﬁtﬁﬁﬁ@%ﬂ%é@eq'él9r gatalysts prone to
conb&sRnY 8 Snddittle precipitates that can cause plugging in other process

steps. In the manufacture of aromatic carboxylic acids from aromatic feed
materials, and particularly alkyl aromatic hydrocarbons such as toluene, xylenes
and methyl naphthalenes, the invention can provide opportunities for process
simplification and costs savings by allowing bromine to be eliminated from
oxidation process and catalyst systems. Such opportunities include potential not

only for eliminating or reducing requirements for treatment of process effluents,
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25 low activities and selectivities, alkaline reaction
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aro g G SreSIoNK WG RRYBEN i Gl SEApaTSTgUER N Blesbragface of a
cateﬁ‘%tﬂﬁ@ér‘nﬁosﬁ@ﬁ keeytding 36 itk fRVdnYiBhi iBrefdrrédQubstituted aromatic
substituted aromati c conpound by contacting the 20

hydegoeneans afedtigs@dr which aijepsh ane @ubsfatuedt geeun iingiudes an

oxidRatls Bl oA BB B poRip e b8 BB Bkl Yorers o o

carsoroa®In ¢|nké1d/ direety koan /omdtiBasR) bAd Wl ‘WxiditadlgagbhaB&rbon
substituent group includes an oxidizabl e al pha carbon

atorgi ismn plpherasben atam having atdepsionahyiagan Hendeddiestly to it.
Oxid&Qidh of substituted aromatic feed materials with oxidizable alpha carbon

atom-containing substituents is selective to aromatic carboxylic acid derivatives
in which at least one substituent group is a carboxylic acid group having an alpha
carbon atom but the oxidation product can also include derivatives with less fully
oxidized substituents or in which one but not all of the substituent groups of the
starting material is oxidized to a carboxylic acid group while other groups are less
fully oxidized or remain unconverted. Other things being equal, conversions and
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carbon atomlinked directly to an aromatic ring and an
"oxi di zabl e al pha carbon 25 atonf is an al pha carbon
w@e@mbzvs ng at | east one hydrogen bonded di r er€T/¥S1007/068274
it. Oxidation of substituted aromatic feed materials
wi t h oxi di zabl e al pha carbon atom containi ng
btituetsfls sel aromati ¢c. carbox
h iig

} t
selegyfios: MiDs e pinEntEe weetpble; COMBOsTiob] BHetad irdss” using

indivigual ﬁ?étBI@XMrL 'rﬁet@ﬁblés%p% v gusithsal Rt@we‘?@bﬁ% oxidized
atom but the oxidation product can also include

aroretic derivatieswitgromsiic starrtllng raetesielsipraserablibist attlgasit about 25

moigo%, ft! e eyt of 456, iATBH BRPIoE b At e .

Selédtivily 9t Udrowitice caritdyligr a¢igs dafieatiess takifd Yintxidbceadt all
or remai n unconverted. O her thi g)%s bei ng equal ,

carhoyivlie rasihRdbgidted- 0xdgiw pogducts ghp@fp[]@@ofpﬁd@g@)ﬁﬂal is
pref%?étﬁz?t‘f 3485l b B/hg BNt rS?‘&"F‘lmb' g@@%’@%‘gome

ose usi ng |V|dua al s orne
embdimentyposiid mnentu@qmrsmns @f@xn@hszte:(bouaraﬁ)rmble:% with at
derij vati ves of aronatl tartin rlals r ef er abl ,
least S0570, |a0gsMoEg, prRTerably @Q?% 0t/J er |Sr‘? %WEY é&‘@o%‘ﬁﬁ’&w@’}émat'c

aC|o°fdth§t|\}é“é‘?@té %\g(e‘qo%h%ctth?% dtﬁgolnvehﬁ‘orﬁ’préwéééeﬁrb'céééé/s for

to aromati c car I C acCl erivatives talnglno
maradaciurg cﬁl9uchcdetbmtwlesunawhwhstetmvetwttMrmuemendnrecycle of

. roducts of .the ar tic feed materi efe

inteBhEMGER roxdiaion” SEOPHGIn oar o PR 55 SeRfiSdy q Figtered

aromgtlé%bomoﬂélw%ﬁ varhich r@nbaﬁlﬁ{édt@bf RPN Prééess is
| east about 80 nmoble %with at |east 80 % and nore

sunt@d gfrerthbsg memiectujeddnea liquisl pbeseireqgction gystenylaad include

morth R bt B6 Bt imesli b ch RFE it ARG b irien

at Iéﬁtlo‘h@t av@referably G, be awy eashokgid atidugoups dohgtise! £ carbon
i nt er nedi at e oxi dati on products can be m nim zed

atorﬁr“n@%ﬂ"’eﬂ')ééo the arspaticiringyr ighm@ @lRNA sePNi &tolki dExamples
of sfu%tg\dg)'rﬁé}lc ?‘Eﬂg' iAELS, & MIH%I'lcf“é%W, e[ﬂm%rsgfgﬁﬁ lfmellitic acid,
ed are nanuf a ure In a’liqurd phase

phthiadigcdidyiseptghalio acid, bmﬁa@acﬁﬁan@mmphthaléne dicarboxylic acids.
polycarboxylated speci es havi ng one or nore aromatic

|
¢ ndud Bodsr eicalion Geotias &6 eRftiadiman LSk Pugrad process
is ddndketbddidtesfevdtdd té%%e?dt@@tdrﬁ r8&surk; @nd %?e@ré’&]? under

carbon atom Exanple of such aromatic acids include
presseire sifielstive ¢o ardiatain ral ligesd hase deactiammelixture.c Quddatjon of the

aroglihiref e dlial aPol Mucepfifed oS SiftErtadies oroizeo
produdt ddkiPRirRC s@nthtROcdrboryTROsHid@B el PAs Fé&tlbﬁ\tﬁ;ﬂpt@diucts such
process is conducted at el evated tenperature and

as RﬁrE!@'ser atergipgiglecpddation piagusts opthesaigneatiss fegeh materiad  The
Ilqumﬁgs%' SxiBatidrPHh & aREGSSteGHEEE s fEhE ! Midr aSBHSlRIck PibReries,
separations, purifications and off-gas and liquid effluent treatments, can be
conducted as a batch process, a continuous process, or a semi-continuous

process.

Suitable aromatic feed materials for the oxidation generally comprise an
aromatic hydrocarbon substituted at one or more positions, normally
corresponding to the positions of the carboxylic acid groups of the aromatic
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aromatic feed material in the [iquid phase oxidation
step produces oxidized product conprising aromatic
W@ 2a00p033¢r8 ¢ aci d as well as reaction by-producPGI/Esmmn7/068274
25 as partial or internedi ate oxidation products of
the aromatic feed material. The |iquid-phase

cartielie @ bR REEed (ERIPAST G 2 s b 9ol thapincludes
an Qfﬁh‘ag%‘értﬁﬂpl dtd)rﬁu'tﬁjatefsf 'oB&Ef“Eabﬂé et BEBAHoxGR & group. The
conducted as a batch process, a contlnuous g ocess, or

oxnwwubﬁﬁuenwtwbspw&gan be atyl ans suehasiametad, ethyl

or Bac Sl caTo oo SR < e BBl ot Pkl “Such as 2

hydfh§atkdyRnformyPrarebbyl grsup. eSPI@@%mnwedt@eca?D?det itted Ssehe or
the carboxylic acid 8rou ps of the aromatic -25 WO
differgotz/ IB@WP@Q’[ 082 ?ﬁ@ﬁ@QW@OWBQQﬁaF‘Cb%Ql kenzenggucieus

or PEERYGEE: IBAFERALY A b LERRIORE BERLR, LIDE e o

oxiottmtjme»sxabisntuentsdongrtnelrarofﬁlaec pnxilm Dilthe feedstdck uempoond can
bt|t ents can pe al k rou such asarret
be &40 tBe NBRRTOR $Iteg% 8%%? & PNghewematiccarg) but' s 'generally

fewéto!;/r‘ﬁtaﬁ'éll‘ SH&YEEE ?t At ﬁ){ 3 ot T&@B ‘?ﬁ%eld%%eraﬂ‘)l?rﬁw Ex&8hnples

group. The su S can sane
of udeful deechcompoends, owhlchocan bg usedfadenls boak comimtajliods include
enzene n

b t
rolug3F, Sy bedzose ncaahe Al buEd hataates. Shyisnspsrviene.
m x?Feneoxtcﬂuaaéh@dééib%mtdie@éuas onglkie @ér%ﬂit heoRBIs! | qnfoﬂfnw -4-
f eedst ock’ compound can be equal to the nunber of

metbylbenzenai 1-apfwxymeting-amsieyilbenzaneg, m@hvlaucgtqgmeoael §.,2,4-

g S Benky 2 Oy Pl B R 2 Al ruRb i ene.

alkymhifeinyg-amadye, HAE thyaltexyemethyl-Bulsstitbicaiatagittalehes) seh as 2,6-

tol uene, ethyl benzene and ot her al k¥l -substi t ut

dlmg@\yh}@p@&al@nqw%ﬁéﬂletﬁymp@m@len% & ¥ slyaethylnaph- th%lene 2,7-

e AP o B b Donel SR rnsene

2-metHyy-I6-étb;nInepbthaﬂmidﬂam@pattmﬁv @lxudmad deri’\za4|vé§ of the foregoing.
trinethylbenzene 1-fornyl -2, 4-di met hyl benzene,

L2k SASHATE N RSV et L, oot v
corr%s@on @?@dﬂshﬂﬁ&‘ﬁbﬂ%&f@h% o@af—BcﬁFBﬁé‘ AaBbihal ¢ Nanufacture

naph t hal ene di et hyl napht hal ene,
of tenroionpeideiramt man mmlhﬁe@rtzenzgnas,yterephﬁaam|acnd from para-

ais BRARHET bR Esner oAk AL FD e B ES @?%dgé‘ﬁﬁ-@en%and 26-

or FO7-napRtHAG adi€ardbx@lcoMBtidS CldrAOXYédpechiotlys Y- and 2,7-
oxi dation of their correspondingly substituted

disubstiwied Mappialenas dhisppefeiied 4o diseerelptivehnpuraitad materials,

and more preferably, feed materials in which content of the precursor
corresponding to the desired acid is at least about 95 wt.%, and more preferably
at least 98 wt.% or even higher. Preferred precursors include alkyl aromatic
compounds as well as their partially oxidized derivatives. By way of example, in
the case of para-xylene, examples of partially oxidized derivatives that also can
be converted to more fully oxidized product comprising aromatic carboxylic acid
include derivatives such as p-methylacetophenone, p-toluic acid, p-
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of benzoic acid from nono-substituted benzenes,
terephthalic acid from para- disubstituted benzenes,

W@ biohnabioes aci d from ort ho-di substituted benzeneST/Usavd7/068274
2,6- or 2,7-naphthal enedi carboxylic acids from
respectively, 2,6- and 2,7 25 disubstituted

a

| e IS p red, to e relativel re
nyoRENAelaY e Betralc agf loliabsRie il - SR bR dehe. A
prefeﬂeﬂhé@hémﬁh%‘ﬁocﬁfbdﬂ"'?eélf eSULSO o rﬁ@hﬁ%%ﬁﬁ@dﬂe%ﬁtﬁahc acid
the desired acid is at |east about 95 wt.% and nore
corrmreeer pdilayxyleine.| eAspraferrad. faedr materialhiqrheraking dfeszoied acid
r rsors_include al kyl aromatic conmpounds as wel |
con&g%&ﬁé@peﬁgni ally oxidized derivatives. By way of
exanple, in 30 the case of para-xylene, exanples of

padjiddtion okabnistit fdeu Materw@atétﬂrdlr? ®otheainvemed process is
converted to nore fully oxidized product conprising

congvefRelt N aciid XgRFEOR AN tUre nc AGHHC deRFiRLt iMediasirén p@‘erred

Walr TEnbie oLl B HRCRE B bl At CeuBrisnefy dbd conversions

andasslectivitmsu al\iary deneratedt as aiyemoyibehmbﬂdatycdm oﬂaromatlc feed
ref erred ar ¢ hydrocarbon fee et .

matBEi3rancotH B0 oo MRHNPE <20iTPve aa it Eb e ey ieneaction,

theréb?reﬂﬁﬁﬁétﬁ@ 6rer%@|lu€ﬁ1geche§1eefd%r BBYitBE HSRRet fb tWé' stocess from

rrprlsesto uene dation of aromatic
extefaalesoartoeSaotchydre@cteo otfheahenvfe@mwtharomrese% §tepS and also

. conducted in a liqu r tur Aci di
elimfEARE LEE o Besgitd B (i Mo, AhG pfceSh cang pauioment
corﬁd@qtf@sﬂﬂidmﬁaml teeddd forsHeRdepafdtlon 90@He6Y OF FEQRS. In
and selectivities. Water generated as by-product in

oneoxMBadimsaiY, afprefesras |'@U|ﬂé'@§d|umitf@’r gl rcagdion rraixiyetegpmprises

wetb Sl G0 (18R AR CIG S, A duBREBHRLAN LEB.  preferred

Feac el I'm’na
solvients wdartdnﬁa‘ticﬂfee&atrwterﬁa)stnheherlm@qshbserreaebﬁremﬂiprise low
sources or by r cle of water fram other process

molgelgas wtd‘ngaoc PxYlicaBfidg anck Pefernbhs @n@@' Cgsmonocarboxylic
aC|od f()freéﬁel?ﬁplke' %%ﬁjcs R Fo‘b?c?rﬁée%ﬁ@ %GWrB”EEJd valerlc acid and

l'exities that may eneed or their séparation
benaold acidyclAeetc aemd usea preferrtmieammgdsudntmoraoqarbégmcedmds
UId iumfor the r re co

Solyen o %|1n g]%%qr&offrﬁgu‘vequ%qp e tHeEeQ)jjb %i eégmr;rj? Bgﬁt Z}(l); to about
95 \KIP%O%IDH&%%’ bf theaséidl- ca'ﬁr 5é %‘séé%tkﬁ@bd@%éﬂfsor EM=PORBhE other

feed materials in the liquid phasé reaction conprise
co- scéwntrmaeﬂaISahhav\ek@me iromoenacaboyyiic aaids dmndendhe liquid phase

o Eh eIl RSB B Wb, 381, of S gBURMRAon i
morfstiatb@ic d@&!tzo\/\mnécwéterﬁ@@tpr@fétfecﬂll% Widanediahefdrade process
anong such nonocar boxylic acids ol vents in the

andf mpreeArbayvikoasidsenlventsfer theetiawd repstor aggive aropteferred,
othedfosﬁlpab‘?‘e’%ﬁvents or liquid media can be used. According to preferred

embodiments of the invention in which the process is conducted in a non-alkaline
reaction mixture, examples of liquid media that can be used with or as
alternatives to water and C4-Cg monocarboxylic acids, include oxalic acid,
malonic acid, methyl malonic acid, dimethyl malonic acid, succinic acid, methyl
succinic acid, glutaric acid and cyanoalkanes or cyanoarenes, for example,

acetonitrile or benzonitrile, respectively, and including aqueous forms thereof and
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95 wt. % sol utions of the acid can be used with good
results. Ethanol and other co-solvent materials that
WwW@x00di123®7%¢ 0 nonocar boxyl i ¢ aci ds under the |i gedTUpivamess274
oxi dation reaction conditions al so can be used as is
or in conbination with nonocarboxylic acids. Wile
referre rocess

comfiitinnseriavB gy TS dapteot el e igh.  EafaiBEiRGRed 67 liquid

phaé@a&%ldé’cfb%egbé% getd)rtlﬁ% Ehﬁ\r/@(ﬂron @bﬂﬁ%ﬁsé%éll@@ﬁuﬁn a Group 15
sol vents or nmedi a can be used. Accord to

elemert sgleeigd f&mmtm@ms ismutteor aveambiation tkmrecvﬁ andeat least

onebFRT3, 5, ERRHEVEHa B BBloR. ShhATen RS BBinps cbove.

Pref@rﬁelﬁi éﬁtal@@ts inlsoedeatnboginéms \wities irveetiéh atdsoluble in the liquid
nmonocar boxyli ¢ acids, include oxalic acid, 30 nalonic

phagejrgactien Hyktugl eyac f@'cplﬂ'daﬂ‘i)'ﬁréﬁwpsﬁa?%'#ﬁﬂé criplysts promote
conBHE S 85 o Tt oA LAy BEHLRE HonRif i e

prefeoeti@mibaodihznds, dawytmmcdmpbeltlonssple@téro@ryeouarfdrm or in which
i ncludin qrueous fornms thereof, and -27 WD

onegp NP3 BICIOEENERYY CORYIEUS ISoRIISSAL | HE YFeHno (HRtalysts
con1'|!331:q Elo'hg‘?fredy eﬁ&g%)gn?seth%ﬂééﬁ%?arecéééﬁ Wlﬁételébyaeqwefo% form can be

Id phas dations according to th nventi on
supporgd os enpappatidim a Group 15 el enent sel ected from
antinony, bisnmuth or a conbi nati on thereof and at

| east oup 4, 5 6 4 nmetal or_netal
coB opreiP e’ SiBodimgns” Jbid "olis lip i B o the
mvdnlﬂoﬁ Q¥R apfEPgiutRINthS actfsehhé dr@ﬂ%@tdrﬁlﬁl abserscdl gbh&iviebromine.
the liquid phase reaction mxture used for oxidation

A”%é@buﬁé”@bl amoentsat @ IPRIME ofBt 10t copPeRt t@ndhgder catalyst
perf‘égrﬁghé@t the? ﬁﬂaog% ag¥ e?lérgub%b\f egﬂd r“}?él@ét'i\fél §V|th?ut bromine

wever | n ot cat

and¢ 0po $adst Gosne en’rbzidahegtsnm td (bl‘effoﬂfe iess vdutiod orosmiectrvmes
nor e heterogeneous coqﬁonents is present are use
shificler) yrare tpplessnigbyiaxidized @ Owa%mh@wmhﬁ@cﬁertvﬁaves with

mcr@éﬁngsﬁr@rﬂlﬁ‘e h?\%&% ?glfeﬁég%'rém&@s%egeaccﬁﬂglﬁgrttoe 2fhvention,

unsupported I ments, d phase
reaciviedaroimone gootendiofighe dqtidereactiore miktone iisno anorieetthaowdbout 50

bsence or, substanti absence .of _act
oo, Py it S erTsRb oo M RO, af dee e romine that
do ABPERdve CuUbstfifial Céadv@ré’étaf@e%t@eérﬁ OESTBISE. péH?ﬁrﬁa%th%i/ be
catal ysts are active and sel ective w thout brom ne
toleegied buh tha reastion systesn enesidiratenakly is éee afgebelivenieraneise due

o i@ FPUEIY R SapBNy i c aci o derivatives with

i ncreasing bromne levels. In preferred processes

accReddtagtst for tHeeliquid @hbse neactiopasitthe @xkatioh ites alkoantiude a

of the liquid reaction m xture is no nore than about ,
sourrg of molecular oxygen. Gaseous oxygen sources are preferred, with air
conveniently used as such a source. Oxygen-enriched air, pure oxygen and

other gaseous mixtures comprising molecular oxygen also are useful.

Proportions of aromatic feed material, catalyst, oxygen and liquid reaction
medium or solvent are not critical and can be varied widely based on factors that
include choice of reactants, liquid medium or solvent and catalyst compositions
and intended oxidized and aromatic carboxylic acid products, details of process
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20 ppm by wei ght of the reaction nmedium M nor anounts
of reactive bromne that do not have substanti al
wa@owens®7af f ects on catal yst performance may bRCT/US2007/068274
tolerated but the reaction systemnost preferably is
free of reactive bromne due toits and its
' c I1,0Si Vi eact.ants for. the

by- duct id .
desigh 808 ticpiing TofOrhe Salver PoNaGPatton Mepiiidozaromati

feed?s'ﬁoé@%?gﬂﬁt‘?fatlé@ﬁ}ﬁq;’h@'froﬁ%ﬁ%ﬂt 1@5‘&)6%&@30‘9%?@%5?@%9% with
are /@re erred, wth air conveniently used as such

abogbditc & aoyoygém Oeinac made a)referm gltmlggg“phlm anst mwer ratios,

eve{ T Pore (il FRuFE R O3 bl B MG iR TARaMY & used

in a€ ¥t Vb btoichiymelricamount baded @RChigPRatidTREUMatsrial but, in the
sol vent are not critical and can be varied w dely

case £ GPSEAUS MxXYELR, P30 gmati kinginte fﬁﬁC@@nb'femgtm golvent
con{dogmoﬁs"?égc't'igh YondiRlohs 'Hnoar‘?{ﬂe§ ahal %ﬁ@ggg@g@p@t% S esult

tended oxi zed and aromati ¢ car

of tmar ki)@lmdm,asd@(&jdtlsndbrrpraofttzeﬁmabire’ZB]l)\M}eZOO%yQ@ﬁiQﬂast commonly
CT/ US2007/ 068274 . des;j and operatin
SUp@(’f?Gl/EhE oo }fudin '?é)&%g@?%ﬂyﬁé’ﬁp gba % % %“Ve to provide at

leash e?@&ﬁtogktd/"edtﬂiﬂﬁ 5 ?t hitted aNBleRdiak rS{?g%kPPT)%tr 1m6Lé f gropatic

about 1 are preferred, wth
hydtosiangpmieas maddreal r é?zbtalylshwgﬂ:edwrgamuatsdeﬁemm foat:oosersuon

of a%ég%%%%&@e[pg&@hg %)?g(ipct‘;t%q%nciaﬁalv%% \%nadrél Ol’fﬁ’grdfhings
belrﬁ;t @q&:ﬁl' @@%tfo'ncra?é@'éﬂﬁ cﬁﬁ%@ﬁw&@n%ﬁ’&?}geﬁ éé’@ﬂw BRigaribAd using

inth case of gaseous oxy not so great,
the trment@ caiab/tlgmmpqsnmdﬂgmasgm tﬁICUQﬁﬂed concentrations of the

cardifE G nbbSEn o SFEBERGR DLt MiRUf ) BRiorih sgntinuous

slurmlp@l@éeg@@sf @tﬁénuavéht@mméxbﬁytum éSéMP@Slt@iyq&@ferﬁD@t are used in
commn% plied in the formot air, is prefera

amailiipisHel taet Goncenaations of aial @@tabfrsbmtaISa@ndlmqtélé@ds based
on @P@H’E of h@&da]‘?ﬁ%H b ocar%‘ﬁe?ﬁ d%gbﬁg;@ﬁﬂ%m%ag ﬁ?é?&"ét?out 100

ppnug.eahd mmeqnnettbsatﬂf/faedneastabbot 500 ppeng, umto abouatr erOO EpmMw,

morf&e;pe{gifer@hﬁ/glgglto fg@pﬁgiesﬂﬁd roduc gﬂpgﬁégoré%ggbly up c}/ about
3,0(?b)g|§mpt !n%rﬁ.fwueﬁé’ a8l &%éeés{ésoéﬂdﬁaéé RS lﬂ%'.d*ﬁnd EbBilated bed

ented cata ytic conpositions I ncrease Wt
prodasseeawedyddmughyt spacenslostieshef $Gbstintedyaioenatic hydrocarbon

|t dat t i . .
feed BB WAL (' RIENET | EFtpagios ofah oBe Bt figdnpyaroutine
expEafehidtion 15858I06M icatilpst et maiplc rap6rted @ik i baffoad Semi-

such that concentrations of total catalyst nmetals and

contipdely oxidationsazeaprdiog todhe kxagioles gpiperrmgdierginer
soI vent used in oxidation, are at | east about 100

mﬁ{b ;E)%Ja_gg dga&r cﬁfsefo?%x}’daqtonl SasbonfiUeed HRafRi® o YRidized

products comprising one or more carboxylic acid-substituted aromatic derivatives
are conducted in a suitable oxidation reaction zone, which normally comprises
one or more reaction vessels. Suitable reaction vessels are configured and
constructed to withstand the high temperature and pressure conditions and
generally acidic liquid phase reaction mixture present in the reaction zone and to
provide for addition and mixing of catalyst, liquid and gaseous reactants and
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20 nore preferably up to about 6,000 ppnmw, and stil
nore preferably up to about 3,000 ppnw. In continuous
wo b@w1pock esses such as fixed, fluid and ebul | B BUSIHEOT068274
processes, weight hourly space velocities of
substituted aromatic hydrocarbon feed per weight of

roa g MR CA TP s HoYa & S Z5er Pl B 4 Be efuent

cor‘rid?fié,lrig1 sb@hcbro@'ﬂl@t S’r&mrec@\ferfjoﬂh‘ékébﬂfou%ﬂdéﬁ’cﬁ{é %’&éordlng to the
according t he Exanpl es appearing herein. Liquid

invesiian dn rseaa o‘brh% eftpodixettst ieod tofbeaexpaerpicta In such cases,

neal 3 fiegbn c3ncnebRby B bR b Bty A4 By Beclidh Br-oas

fron® enlliguie deactioh SiNtuRbasd PenB@hgane I#Rgad RO dRERcaBtibE Bone.
normal |y conprises one or nobre reaction vessels.

In sgghtcases. heatqactan wessel glsﬁr%}%%pngﬂrg'@U% fggoventing of off-
Coﬁ%ﬁt‘é?tt Ged Q/neH 'Eﬁﬁﬁgéj usB8 |Hblﬁpy i r@&‘r’t n%o%gdstﬁred tank

pressure d|t Ions a gener a ic I1qui
reacrtem;tbmbblm solumn peactery, tubuldrereasionsi oebwlanagamblttﬁxed or

packef beab @B C RN RN, - SYTe o0k reduyen (e form of a
coILanér%Q % ox%ﬂg \Agfk?%céfrﬁt%ﬂ R \‘R’/ | qué)géﬁﬁtveﬁﬁlly when the

renova product or a
vessemsr pesitignaedidor msednavinigooneecoveorg trixingdeatures for mixing
I nvention

fit.
rea Qa8 COME T SPes B e e e P B used,

withite@he QquicEPRBEEEDJIRY FOaLtRAI AIvktLide. be]'ﬁ%ﬁll'yo'th@%&)hg feature
evaporating a reaction off-gas 5 fromth

COMPEIREs iaNe o RaLe empatieisemovnieg one rﬁtata@&Of pgmrvwrﬁ@ movable

shaf:{‘e ;%C)otrI %ﬁpﬁg elgn pé&lﬁ,ﬁs Me%ﬂéﬁﬁ T@Eﬁ %I t{g)gﬂ%ﬂeo&?n\f%z %/ghlcal shaft.

Reddesstmay thepesnghiciéd admmberiakedesigabd de Withtayd the particular
continuous stirred tank reactors, bubble colum

tempeERiYIGSs PrassHIRHANG Eeraionscoraplnds usaf- bbar use Rbihesinvented
t
catérP@aC n QSIQIHBI?% érﬁ pb?é?bg?ﬁ’%%zﬁwl ted ﬁﬁuhfzreﬁdarﬁc?%ullqtfad bed

orm umatr vessel
reactotsharad skumtyr edactors saretusefiule x$teirdssss er tuplekl stesls eawetmeferred

vessel osi tiopned for. use, ving one or nore .
matﬁ{|§I§n%f pgréﬁmqglgnf ¥4 tp@s p%rﬁ.{c&%c? éylﬂ]qygﬁ%lqu:%s of reactive
brorﬂgrgjél‘tﬁﬁvgqfﬂ&o@é‘%%%%|dne%%§s@é“tsm@fal% %@%‘llégé SRY §€3itardifim or

. ed, In the l'iquid phase b ing reaction
highmhickelrsieelTatloys alahye wdad ifidesingd.f eat ure conpri ses one
or nore inpellers nounted on a rotatable or otherw se

T enreastbR ARk 0k b THA0EPFace, RERSH s TRy b éompining

conmfppnen s tdonshrasingf arbhtatld desd desitared ligaidv rebsticgndmedigm or
particular tenperatures, pressures and reaction

SOlv@Ghﬁadrfbg Gadalytic ICQFnQ%@O@f aggpsdingvienthednventiaq 9f cemponents
ther‘é8fr89§ :Tiq @'@é gwgﬁﬁlsr&@/ﬁ@ﬁ%rééﬂtmthé'rﬁ&ﬂ.lrefl i 8bfiflous or

and e
semi-continuous processes, components can be combined in one or more mixing

vessels before being introduced to the oxidation zone; however, the reaction
mixture can also be formed in the oxidation zone. As noted above, in oxidations
using water as liquid medium for the reaction mixture, water generated as by-
product of the oxidation can serve as the liquid media such that addition thereof

from external sources is eliminated or reduced.
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reactors and slurry reactors are useful. Stainless or
dupl ex steels are preferred 20 materials of

w@oov3t1839¢8 i on for oxidati ons conducted w t houtPEDUSIET068274
of reactive brom ne although nore corrosion-resistant
metal s or alloys, such as titaniumor high nickel

i A B ORI et o eEeL WE iopein M pishage 5y catalyti
confpRRioR BScoraPEPRNEHY fvePlBR 1 i8| dhddtRUhEed R&btion conditions
material, liquid reaction nmediumor 25 solvent and

effective dait abpyérsionoap sebsiitvieth@comnatiagcanapaunssi hawngi exidizable

sus Qi RIPLSPBCI IR0 e ALFb ot oPBb £ B

of t5€ BLbstRntddnarersatier feed ShgRriaRO NPRITENtE readticrecaadomehclude
in one or nore mxin vessel s before being introduced

tempgratesoand 4 peFUres: ,ecﬁbﬂ\é‘?_élspcb HENVeEZen vhilenmaintpining a
e PSR " S5 SragBRe o WiAS o

prefemegt hl@reffmdé itempeidattmssearev\abcan g€l ahedmere byejerab(ljy about
product of_t oxi dati on can serve the 1iquid medi ,
160510 bt 2AH10r FOR 0T IGToTBP ARG BO0kG) FugarwEST e Tiauid

Wap! @ el . / i Ui
oha R i B8 sp 1 MRABE Y oy o i
phasge treactiongevixture boits pneé s poafersbly aeleiciad o maimisi & isabstantial

. according to the invegtion is conducted ynder reaction
iquBCHEHe BrRctOp iy cPresUEsnoLREPEho dp bLidt fOEe Gauge
are PFEBREUCWRRTTREIAR Hrassiigsast BhARDIR prét@sdestRfing with feed
oxi di zed product conprising aromati c carboxylic” acid
anddeelveat iofekqud ofeactien stieslia tagmeepsiliansat tlecnFesaigres and other

taoJR Soiatre Bl RF AL HERY s fofo HCRER 30 kgrom”

Restdgnceer sheig Whithe rsactidmi visegl dr tdagtiod adras&ahepet vaed as
m xture. Tenperatures of about 100 to _about 3000 are

appprRsfade rfad givene fepugiiputs ikt spndidiensr witaparaut14dto aheyt 150

; f t 30, ;
min{REbAAT dEnaRa, SBsio idaas Of ripRitses s vl g Bifegiated
by peaohs askilladxiruitiee caandfectuse dft arocmatic obrbolwglic acids, preferred

whi ch t ase reaction

t enperature at e liquid
confif RS e oRering ey & mptecs dpabiinBERTs o PEATRogSes
andXARSIGAPMIBIn of b HeflRphel @AEbLABeHKH Yy Pr essUr es

of about 5 to about g/ cn”gauge are preferred,

with preferred pressures for particular processes
vaRyodgctaiobtaine@ ty axithtionl ofearomatic [feegimaterals eicoarding to the

el R 2 bR, o RV i TR PuBbtr, B PEURIE feed
matéfakgé Gl as Ress d@iRCexitizeesdérvdtives! eBg twa of @Xafpl® in the
reacti on zone can be varied as appropriate for given

oxidatipughmRara-xatenec dhdrguenys, agetie adiguteantionosalyelt orswater
according to the invention, an oxidized product typically includes one or more
para-xylene derivatives having at least one carboxylic acid substituent group
having an alpha carbon atom, such as terephthalic acid, 4-carboxybenzldehyde,
p-toluic acid and p-hydroxymethylbenzoic acid, as well as one or more other
oxidation products such as p-tolualdehyde, trimellitic acid, benzoic acid and 2, 4',
5-tricarboxybiphenyl. In embodiments of the invention in which a vapor phase is

evaporated from the liquid reaction mixture for control of reaction temperature,
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m nutes being generally suited to a range of
processes. As will be appreciated by persons skilled

wo poovhasomanuf act ure of aromati c carboxylic aci BGT/US2007/068274
preferred 20 conditions and operating paraneters vary
with different products and processes and can vary

maiB} GR0BP SR B BUF e BN raaE: PG 's generated
as UW[BI%HU@{ &f @)@@QFGH Bﬂthb%dﬂéﬂtuté@‘é%mbﬁ@féé'bcl‘nlé@éhaq‘raﬁﬂ%bﬁ also
carboxylic acid derivatives of the aromatic

be present as liqigidwaediuasfar dke reattion gxa gbrponest thﬁﬁ@@fve'ﬁhe vapor

phast Wi o R ofoarli FRE ol €l o Rlaftot y2Boducts

theradf it Byanic hbig dongitis ARedan thgiplbésd. PTREWapbor phase also
cally includes one or nore para-xylene

typ'@@g’l Qﬁﬁ”ttﬁ'\r/‘éslGW@rﬁ’@OlmtSIcﬁé?@befh@O@QP(lSJ@(@/ﬂ‘d gareingdioxide, which

Ugy C
canZﬂégﬁgrfL t urﬁ{ng acl 'gﬁ%élt @ét?oxyaggﬁazllﬂ{ﬁ §€H_t,t éﬁ#ﬁlc acid
reac&mnds@mdnlp Agdrepaterianlydi exits (CAcand CHSz)vairitelalsobme vapor

r nore other 30 oxid tion rod cts such as
phaéeth?i%ﬁB'é{h?d'@SSttﬁﬁﬁe@ Qut; @ amo @'éii%@r@ Resfarabhy less than

208 Ol EARREYONGY BB od b B0 CoBngl i Baoton. e

vapohephasguimhyr edsst |ommtarmxtrurmar forountshtafolinefactechcarooratic feed
t enper at ur. 07/ 133978 PCT/ US2007/ 068274

matﬁﬂ?' ”@ @%tm ?r%‘? \Q?%éﬁ%%’ a%éﬂ&ée%%‘i? ERYP§N; FNygaseous

oxyéj\@ﬁ §6urdé§'t6§(;‘eth§r AsRaRét @8 c%?nﬁbﬁe%‘té)ﬂié@fmé%f b@m&’@décpm such

the substituted aronmatic feed nateri al may al so
souwsm o5 erefeeed | erbedimeands mhth©rlnvefélme@<f@mehc dee@ material is

cong%ggq? '?cg %;1 bg%%@g@ ipr%@\?cg\éfc&ﬁérisiga 3)%%)(% lgrﬁqrgl §r%n%aq%| Héjr%oxyl ic

acidoepvailest 6f thd Hese hatetiapvibbgasubseeitidl @@hél%ﬂbnl &f carbon
used in the process. The vapor phase also typically

oxidegnt More ﬂr@@@lyaﬁ@'@ﬁf‘sowe é@fedﬁbﬁ“ ¥BRbIASRS gﬁm the Qﬁﬁlat'on
mclﬁfdlﬁg gﬁpoﬂ’hb es Cl?&nr BtHed fa['&rﬁbf?é’rf@ba&oe&dﬁsr% I8 burned

er|a and, presen organrc acl reaction
orgat eeitt reabtign sgbleat cfax%dn aexleds tha‘l@a@odt 6@ hatfandlenper mole

of th a or .phas r ef er abl ess t out
of sgslitiied GaraaUl Teet shaalis) Ao SHlIaRS §relBathly dous s gbout
0.25?%(58%%@(% MRSHoxXidd B c%ﬂ%oﬁ%@%@@ﬁm]é‘ of the substituted

oxi dation. The vapor p ase may al so contain m nor
aroraabo el wlaterialeact ed aromatic feed nmaterial and
oxi dati on products thereof and unreacted oxygen from

ok izne BRARR BRYIAE Tohe i Benhckeokess saftfan s, formes
disseheidesi £l seshritictessiRisah thé@quidvisiigeoacto® mikiuee.f Etovery
material is 15 converted to an oxidation product

of oxishigrd BioslyCbae CompRpeatsathgrrafic@ncke BesgMpisheastby any suitable
tecrﬁlﬁué’ Ad i8S ?Eu&hgarﬁ 88 @Bl & o thAui YOSEHA Mldium by

eration o
f|Itrat|on techniques. Oxidized products present in the reaction medium both in

solution and as suspended solids can conveniently be recovered by
crystallization techniques. Aromatic carboxylic acid derivatives of the feed
material are preferably recovered in solid form by crystallization from the reaction
medium, which can be accomplished conveniently by cooling and releasing

pressure on the liquid reaction mixture in the reaction zone or after removal
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oxi des. More preferably, carbon oxide |evels in vent
gases fromthe oxidation, including carbon oxides

wo e@mgaersied aromatic feedstock as well as burP@dus2007/068274
organic acid reaction solvent if used, are |less than
about one- half nol e per nole 20 of substituted

therBhBAT arsorlie” PLodiER et Mo i AU iSRRI HER cCudiayGad rom
reaé’llo‘hxh(ﬁiﬂd Rﬁrfrd%' &y@fall?ﬂé‘ﬁoﬁ URsiverity te ccﬂf\/éﬁﬁiritl‘} $&qaffated from

mat er i al di zéd T|oro uct resulting fromthé invented
the rilqwtssbyc@ﬁnfﬂfugwg stilfrgtioedor aombilalieds othes@fsuéi@d;dd@@ducts

reodre a8 B BB B i ABePbbi cporiERSY carbmaric

carf@ReBLidsdetil atiye @by tHelaloatdtie feed miaterial arfepbirér RbatbdRents of

can be recovered fromthe liquid reaction nmedi um by

the pxidatian Pelicic hfmeﬁsﬂ@si orcleieslo TIeS GEPRSA Nl U Species
cangﬂ()}?icr ﬂ@ﬁ&ﬂeﬂnb ugﬂlﬁ?}t@ tééhnl Q% uéucﬁﬁg@”&t?a%tlﬁHs\Wﬁ'%ﬁ’table

s can c be're oVe
solvenyss tdédtillatiert bDBubIenatntbrques Aromati c carboxylic acid
derivatives of the feed 30 naterial are preferably
re overed in solid formb stallizatipon fromt
! BB nl; G CACEMERS, bleaagesmt dhea hvented °catalytic
M%Wseﬁhby REeS80!suBe QthPf{];ﬁ' @88V &8ionk’" %ﬁﬁubﬁr%&%/ﬁ@eamd-
iquid reactlon m xture i n the reaction zone or af
selacéwiveal low crbon Qe geagarien PATH PEHOOTADEBLYEN using water as
.therefrom rried he |i UId nd/ ot
a lioiF FeRcBP o o ReAIF i Pirb e ety Mol iFateh PORESRENE n the
confpiatetaH dubsedrtiRn abSeNENESbRINGINE OANEEsRItidlly SHRYN Bt ®ddation of
rom_ the |liquids by centrlfugl ng, filtration or

arorpahieifaed |rbﬁt§”ﬁ_}$ef3_@@prls@gl aU'%dehn@t §la”?yécbﬁmé?@@ fitefmediate
oxio{g&ﬁgﬂgﬁ'ﬁgbgtof@gl{%dg%rﬁc&?{ b'r?ﬁéggn ttﬁ&%%é‘ %J%?‘orﬁgﬂ? E:'g?tgorxg#% talc(i:ds in

yITC acl derivatives o

highf gteldsredrer aglhigin Getddtiefties ottp beanésedifarbbReicvcidist | ®referred
oduct. If needed or desired, further separation of
prOf%s&egc@ccgﬁglagego sHgh #RPeskh @lcthedWenteR camRrigs @xidation of

arorgﬁﬁ@rﬁeﬁ&'ema%ﬂ%rb %Hﬁ% rﬂf?a?é‘ f(ﬁl‘eha ér“'oﬁwélbbfs m&@ ¥R&Sediate

stillTation or su Sone o
oxidatibodproehicts  thereplirars cofmbirationsv éereaf, ctat ahyokidatid® product

osi.tio nd process, such as. hi nver si ons and
conr Ry pieenInATE. 2Be 256, bripien P Mdartia araans o ore
mteEiﬁ@@ﬂéﬁi oRIatidR ProgliEetHBREL? RVIMBIREIGhIVHREoRR aR oxidation
liquid reaction nmediumor solvents with relatively

prodiiais caapeisingoaoRithsliaacidi n the conplete or
substanti al absence of brom ne, are especi ally suited

to I dat t i

2 R APl B oLt pPRLENP e RPEE, S ne
arompatidfiedd hiztetalfwith orpgen gasiimwa lidisd ebhsé eeastivrimixture which

carboxylic acids in
comprises water or water and acetic acid and has dissolved or slurried therein, or
is otherwise contacted, such as in a fixed bed of supported or unsupported
catalyst or catalyst component particles, with, a catalytic composition according
to the invention at elevated temperature and pressure effective to maintain a
liquid phase reaction mixture and preferably at a temperature of at least about
150 to about 230°C. Catalytic compositions according to the invention that are
preferred for such processes exhibit conversions to oxidized product of at least

about 80 mole % with selectivities to benzenedicarboxylic acid derivatives of the
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hi gh yields and at high selectivities to

benzenedi carboxylic acids. Preferred processes
w@ewonsiomyy to such aspects of the invention cop@r/US®07/068274

oxi dation of aromatic feed materials conprising

para xyl ene or one or nore internediate oxi dati on

er.eof . or co nat reof an .
aroBR e Es S MREa et SDlsa8h ABPHL Bl oo b BT RATEEraRy duigh gne or
bottP % ddhvarsicH ot arofYatRN8icaFb@ifc QJClc'.lT%reﬁacth)f &f rﬁdl'e%le about
oxi dation products thereof or “conbinations thereof
90%n oxi dation products conprising isophthalic acid. I n
such enbodi nents, the oxidation preferably conprises

cont i ri i

oK 858y e B PRI el B BB o
suchvat grocess With@jooantbrnaession andise|eutigity aat ldimsg@he/redo@ rof carbon

slurried therein, or is otherwi se contacted, such

oxides #om xbg BERMAtC sieggomatarialy Cem'ﬁﬁ& @Edee@apﬁﬁyQ?”ad'um
con@j:?n%ﬂ’t' aéﬁ’%htlﬁ%ggmor@ﬁtdr@eﬁstm ¥ Hbl @H&%W'%Hﬁonent or a

oSition ac tot invention at el evated
corrtb@mimrﬁhera)fand pressure effective to maintain a
liquid phase reaction mxture and preferably at a
ature of . at ast about 30 0.to about..230C
BRI getdied SREhaGRmays alaVic, e qT oI, drgatnose
confMrBingPE6MPbhERtsw 8 dedefbdd aeeseas tB TbhhtofcPRYRABhORSWater,
to oxidized product of at |east about 80 nole %wth

acetie peigtanaquessstasetie agish ddartisulssly yreteresi hetamgengols éyms of

the Bty /a7 Pud BrotESsPE ngfhaiss 4t B6°0A anop oBBBRERE and

prefergdi@onkl of motdoptree antimbeyhoisnues el Sroup an6 6 or 14 metal
aromati c dicarboxylic acid selectivity of at
andéqfo’uetalI9@%Omp9ra@rﬁtﬁcam%mcgﬁtmr @Eé@b'ﬁdh%ﬂaﬁﬁ?WFtand other such

ng»giggﬂﬁg bt Q@Ih@%?mdﬂj&%x}sﬂea%%ég%ﬁ ko for 5 such a

ess W version and selectivity but |ow
generation of carbon oxides fromthe aromatic feed
rmt()ﬂrivarsicrmnmi oxdizatl |arastationeepabiiad urh the mbeetenmaterial,

t d t . mol.yb -
seleZBoht e Lo ETSREnt: aiatash $4BeRYiC Bwldervies gnd minimal
Ioss%ﬁér%frﬁéiﬁ: RRADGEARBYS 3l Fid 50&@%@%%%@%@6&&%&%% the

O conprising conponents as descri bed above in the

absemerpﬁfeaactlyel iemiTe seunaas @nd aczwedlhglyatbecpompcmfm@d their

corrfeiehfe, i i, CRpiPY aBeciorP RN i wRELSHRYERE TR org most

prefeedtsty freeAlrbactivedropimenent, and preferably one or
nore of the antinony, bisnmuth, and Goup 4, 5, 6 or 14

nmetal and/or netalloid conponents, and nost
pr Q)@qq;mrypqqq@c&pi thei |Lg-HI%rp@a§Q Hgactgqubw processes according to

this embodiment of the invention comprise terephthalic acid or isophthalic acid in
good vyield and with intermediate oxidation products and catalyst residues
comprising palladium, a Group 15 metal or metalloid selected from antimony,
bismuth and combinations thereof, and at least one Group 4, 5, 6 or 14 metal or
metalloids present in sufficiently low levels that the oxidation product is useful for
conversion to pure forms of terephthalic acid or isophthalic acid if not for
conversion directly to polyester suitable for melt spinning into fiber. A preferred
terephthalic acid composition according to the invention comprises terephthalic
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15 conponents, in solid formor deposited on a

support. Conversion to oxidized aromatic derivatives
wo@boorhasofeed material, selectivity of the conREr/BEsWNT/068274

to aromatic carboxylic acid derivatives and m ni nal

| oss of aromatic feed to carbon oxides are achieved

acid St g Ve doe kot A RPLE RES s cpfculated

as Eﬁ@'é]er%@nﬁogﬁ@n%&ﬁ and thhgpexi dabi BPrrﬁAPaéHtin%hy“ BisHUEh or
whi ch erynpare used are nost erably free of

combemitqw@em al@ula@d @atelemepts;cam gbayt Q. HletOI alkput $00 ppmw

of DEA3pr&ns. BrS: 13 PebH R SRRNE, FuBT Al ahithE) plementor

confinatfpp tHdhedi. CAatérdphthah@@@tﬂ YoRipdshibd ddddiding to a preferred
i nt ermedi at e oxi dation products and catal yst residues

embeglimghbef denigvpealiorapinrrisas tereppthelc msichpndr bynueightdhareof,
abopﬁb‘flggcf%bép]g%?'ﬁdggg{}yaollﬁgmé"Hél@ﬂl%f% ﬁg'{ﬂé’bﬁﬂngﬂf _and about
0.1 teebbbub 06 ppres antiromys bfsfrmwh&mdqmbmmudnemreot loatculdted as

clergtin 59 HAadhiH Fedlcd 00 HOM SHBHAA ¢ Geirof fl4nmetal or
metfrarg(?id C(%‘(Ylﬂéf%'do%sd'é@ﬁ%hbé, t gr PAEREEEN StHdrad!, eﬁﬁﬁa?ls%emally

spinning into . preferred 30 t er épht
molgledehwontpoei & icombarat@ndinecedafp t he i nventi on conpri ses
terephthalic -34 WO 2007/133978 PCT/ US2007/ 068274

oo urBalcrs ol Bl SeBlE Folts cpbrbfed et co e

invePtidntcarabe Whtai88d PEMrdichtio® Y deBirsédLbY stbjecting the oxidation
conbi nati on thereof, cal cul ated as el enents, and about

proguct, @I&%mﬁi@res@oafwnﬁ@cowyafr@dhg “ﬂlUldSph@Q)FeaﬂlOﬁéﬁ'éture, to
Iowé)rr r%ﬁ &laltlﬂje @ﬁlere n‘? ﬁ%e?gprh{} ms cﬂrasad@sgrl%end in as

ation ati"d “conposi

knowanMrdl D& .tQ877, 906]‘ ¢W@d748éabdohl mn 0<Df Rre¢errét/ patd rms of
nprises terephthal ic acjd and, by weight thereof,
tereQBEhﬁ“Coa@Ldt@r é&ﬂﬂtj haltso agisimyyithalaweli impurdtigs: GPatesls.aguch as

purﬁﬁ@é3 @F%Fffﬂéhc %%%%l?o"ﬁTA'o darf %?&@Fﬁgr eg%lﬁcal ydrogenation of

I'smuth or conbination t
aquaeus edodutemissof #rad oxim@dibnOprbduct abdineé réSemqemof cf nthaJpnetaI

catelyst s AesErEd TS R n Lo e SR fiig Somposition
accHﬂéferdJQﬁ!Wé“hvéhﬁbrP!ha@|sCQJ'1’ﬂdUT@?drcd1réch%ﬁ\?’ér&dﬁ%)ﬁréﬁlﬁﬁ with at

aromati c carboxylic acids produced accordi'ng to the
IeaStnoeﬁt Plyaolcda pelyebtedi aeithble f iqyumariutactlien ofs flbesmcufdprlses

| the oxi 0 t.,.either b
rerePirfie] BEH, sl (Buniektt) Mikiel pfiSe bt ipG: Gplw 4
cartioxyb2aldenpde baaRaicut W@ exadati P00 phrin ®afadiliny, &alculated as
stages, such as described in as
the element, and about 0.01 to about 100 ppmw antimony and about 0.01 to
about 100 ppmw titanium, vanadium, molybdenum, calculated as the element, or

a combination thereof.

The invention is described further in the following examples which are

presented for purposes of non-limiting illustration and explanation.
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known from U. S. 4,877,900, 4,772,748 and 4, 286, 101.
Preferred pure forns of terephthalic acid or

wo s@phsizg i c acid with |ower inpurities conteneGI/US20011068274
as purified terephthalic acid or "PTA", can nmade by
catal ytic hydrogenation of aqueous solutions of the

oxi dati on product in theires?nci g{ a noble netal 20
cat al yst as described in ~339. A preferred
Ilcaldco Slt cordin t he :
| nYEBBheR arfudts or SRRl P Beerfe dbiriinEh ePgiate pnd tinal)

acefa@é‘%bltf’Br ‘fé‘ldc'R s%ﬂutldn%e\ﬁéreorﬂgaguﬁéﬂ%td £ 18ahY edfBh reaction tube

Sul t manuf acture o ber conpri ses
togatberpith fahountacf ghasaratylemg, memacrdmobweterl (@6swihanetic acid

anda’ggﬂf’/ %s(o?getp Eyrmvl\\év%gpf %91%“)@ wgﬁ{q d@*@rec‘%)%ggﬁt @% g ]to{a? liquid
volLRhE BB 7L5 rrﬂ_ndAaJIJ@ﬂRin 8ti0Bart Wadhessrtckd hid pevréaitionbe and the
about 0.01 to about 100 ppnw titani um vanadi um

reaghignytodpenvas phagesiuinia adthegmesiatiedggastor bieck. aThe reactor block
wasf SRR S A 168 SBbei g ube cHbhRce P 352 B8fhor, e, wes

purded withripsgen Qﬁdeopréssmé bhd4iddres tTat teaetarisiock was used to
expl anat i on. 5 WD 2007/ 133978 PCT/ US2007/ 068274
heattheaacsion tUb% tQ/\éV Qthafé%WHlCQ 3f flowiintegihgreprtion tube at 1.8

L/mﬁ‘F?ﬁ@hﬁxm %'1'@5@@%?%‘ \%ré‘ﬁg\g&“ eARBFebimhbLles sﬁﬁffgaén[fd air flow

ts or tock sol utions re neasured Into

wergedtopped @adttherrectoe bloogendereactiom tap@wers alfowed to cooI to
| ene, ter (95 w % aceti.c,.ac

roor%qrgﬁw)x at\l,%e% @ngqt it%)g? g anggmwp]%w 6%?rﬁ9y§§ﬁnd dlssolved in
dim_él_fg?f 8Qifaxidhs. O‘S'a%pﬂés Wér@%%'alﬁz'e@%@' maj&f prRuef inferndbiated and

. flon stir bar was inserted into the reaction tube
impariiies by highepressine liquiike clivamasbgregthyi (PG t her nost at t ed
reactor bl ock. The reactor block was closed, sealing

O FSUGREH 1% e o SAATRR" Bl Rel PR LFRGHIAR, LhE ttuctec

usuﬁgewg}iedolaMWUM@sOfUpgnbduamuﬂl) eatatd hehd %mtndm(nwtz&:ettaie in
70C, after which air flowinto the reaction tub

Conirog;1 PRRadiuEkt) Acstrifyand tlmd@mq%%%r%o@é@%anﬁmem (1)
acelBtd 4h8%in ﬁ)téiétét’égn%tﬂilr flow were stopped and the

reactor reaction tube were allowed to cool
to roomtenperature. Contents of the reaction tube
we (Gondgromse dndndesliltss off vie ioxidadionst bgd repbfted i 'nheTABLE 1.

a e _ana d. for ] 0 I nt er nedi

AmGIE S andlst e Fadtafiion Usedoh dhe BiEftPga e SPresse i parts
per GhNIARIRY K@M 6HthE) acdtie! kel Badt RateraiBed! iAC U LRidations.

par a- xyl'ene 0oxi dati ons were conduct ed
Conversions reported in the table are expressed as moles of converted para-
xylene (“PX”) per mole of para-xylene starting material reduced by para-xylene
contents of condensed overhead vapors from the oxidations, which typically
ranged up to 5% of the initial charge. Selectivities shown in the table are
percentages, by weight, of terephthalic acid ("TA"), 4-carboxybenzaldehyde

("4CBA") and p-toluic acid ("PTOL"), respectively, of the converted products.
TABLE 1

Run No. Control 1 | Control 2 | Control 3 | Example 1 | Example 2
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bromine in Controls 1 and 2 were far greater than that with tin and antimony in

Control 3. Conversions in Controls 1 and 2 were also significantly greater than

those in trials using each of palladium, antimony and tin alone in Controls 11-13

reported below. Surprisingly, the catalytic compositions used in Examples 1 and

2, which contained palladium, antimony and tin, showed far greater conversion of

the para-xylene feed to carboxylic acid derivatives, including nearly quantitative

conversion in Example 3, in combination with low levels of carbon oxides .

Example 3

Weighed amounts of palladium(ll) acetate, antimony(lll) acetate and tin(ll)

acetate were added to a solvent composed of 95 wt.% acetic acid and 5 wt.%

water and the resulting mixture was batch loaded into a stirred 100 mL titanium

reactor.

The reactor was sealed, pressurized to 22 bara with compressed

nitrogen and heated to about 190-195°C and, while maintaining those conditions,

a gaseous mixture of 8 vol.% oxygen with nitrogen was added continuously at a

-3
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and tin alone in Controls 11-13 reported bel ow
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Exanples 1 and 2, which contained palladium antinony

and tin, showed far greater conversion of the

ratel T Ghragh a2 ghes Bk B90Gls6 A Ep it rr e pps added
conﬁ%udEdX%y%f"%i RAGIAND. 'd3 RyrafnirRie! sadr 69 PB0r,0xddigsn of para-

npl e 3 Wei ghed anounts of palladiun(ll) acetate,
xyleaetfeadwds stoppadetidditiemafl thengasepusapidtureevas centitleastifor an

aciol B Y BhufS AL HeChionpat YRF feBuct BRh Dgspotor
was Sdrdprdsat interttakObedihnihgt #tdrufirty AAGHtes .of [hfaheeHeoaddition.

was seal ed, pressurized to 22 bara with conpressed 15
Thenﬁe@ﬁwé?né@fﬁs H’é%f?et@ef‘df%’_dﬁﬂjﬁndgi)s@;@‘@@ Qﬁél,rf_’ [skurry resulting
u
fronf B 2R s 1RO e afifaco By RARE o AR 2apBlip Pyetels
conentralion200yieltis 387 SorBductdSAeermtE? 1sy HRLE ahdlclrbon oxide

rani m nute d greater than 99 wt % pure para-xyl ene
pro&géloam'a@aﬁfqrﬁe{smsg@s 88MR!§Sat e of 0. 133

gram m nute. After one hour, addition of para- xylene
feed was stopped. Additi pappE 4 he gaseous m xture was
continued for an additional thirty mnutes and then

stopped. Vent gas rgnoved fromthe reactor 5 was

CatelyshMetialatoriMetelieids s begi nni ng @emneentrationt(pomwiut es of
Th

pat-a—xytenre—atddttiot- Fhe—+eactor——contents—were—ther——
cool d sanpl e |of product slurry ulting from
t he ﬁﬁejaé%?jf was renoved and anal yzed8§§6HPLC. TABLE 2

reports nmetals condentrations, yields of products
determt[mdn@y HPLC gnd carbon oxi de pgogucti on

calculated fromvent gas qarr'nl es_ 10 TABLE 2 Catal yst

Metals or Metalloidg Concentration (pgm/\% Pal | adi um
8000 AMY nony 7999 |Tin 5337 Product 33 el d

(motefmote Para=xytgne fed X100 TA 503 4CBA 6.4

PTOL Brgjucks Tol ual dehyd&idigRifdenole Bara-xylene fed X 100%)

TA 50.3

4CBA 6.4

PTOL 6.2
p-Tolualdehyde ("PTAL") 7.2
Carbon Oxides 19

From Example 3 and TABLE 2 it is evident that the palladium-antimony-tin
composition of the example was active in the absence of bromine for conversion
of para-xylene to derivatives with oxidized substituent groups at a yield of about
70 mole % based on moles of para-xylene feed. Selectivity to carboxyl-

substituted derivatives of the p-xylene feed was high, as seen not only from the
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par a- xyl ene feed converted to oxidi zed al kyl aromatic
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cormpppRing o A Fbiyof Fermelar At alpeviane addes-wi t h
carbon oxi des generated in an anmobunt corresponding to

only 19 % of the nol arcgppyigts of2p- xyl ene added. 10
Controls 4 - 12 For purposes of conparison a

br @5 NBuRYRER! Bl é‘d?ﬁ?ér‘is‘d?ﬁ@%ﬁﬁne-‘b%rﬁbyeﬁ cobalt-manganese

representative of catalysts used in comrercia
catatysiufreptesestative todr eptalysisi csadi dn bgoowieratal omarfufacture of
a-xyl e was tested in ntrol 4. Brpm pe-, free :
rereBRFEIG A Bt oSl e Pondeat ot Esfi Fobanielfq Bromine-
freeZ cAGRBts! BortaihingUraridds BaidiMts ARPEOSAE iaP8 MNeconium as in US
2002/°0188155 were used in Controls 5-12. For Control

Patent Arpligetion No. 200241188 85 megig disgtdn Gantigiesiel | 1)

acetate tetrahydrate and a solution of 48 wt%

hyﬁo?bmeergﬁm%%gg?t§6et¥‘f°er ?eﬁ%%@qa &)@gpé?h%ﬁ&ﬁl) acetate

cont-ai nIrng ic acid a
tetrainoinatesantt 9\sotlition FUB wpariysrgsronit lalcidoin Wwateneiegéitadded to a

oMb PRGN DL PO RS ATERaat% Welsrdn elquriel PROGOAg 615
partt%ioéegg' H11oR ?&‘F\‘}v%rght égﬁkﬁnﬁ/@)a%@élt,v@(% %Eﬁh’?qng@?%ﬁé{, hA&%1120

ara W th conpressed nitrogen
pprmmaibnomine. aTherselwion weadaded mtparsiriede 100 nloGi@nwnd, reactor.

ety B B, e 9350028 Pl S ORI S and
nesOPLET A S SR Skstnd WAHALLE, 106G, g e
main&tireng fth@sel 8Gndjtiams,rd gaseousAfixdureooie8 vol.% oxygen and 92 vol%
nitrogen was added continuously at a rate of 2.0 grams/minute and para-xylene
(>99% pure) was added continuously at a rate of 0.133 gram/minute. After one
hour, addition of para-xylene feed was stopped. Addition of the gaseous mixture
was continued for an additional thirty minutes and then stopped. The reactor
contents were then cooled and a sample of the total reactor product slurry was
removed and analyzed by HPLC. Production of carbon oxides during the
reaction was calculated based on concentrations in gas samples removed from

the reactor during the last 30 minutes of para-xylene addition.
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Controls 13 - 23

Weighed amounts of each of palladium(ll) acetate, antimony(lll) acetate
and tin(ll) acetate, bismuth (lll) acetate and molybdenum(ll) acetate dimer were
added to a solvent composed of 95 wt.% acetic acid and 5 wt.% water and the
resulting mixtures were batch loaded individually and in various combinations
into a stirred, vented 300 mL titanium reactor. The reactor was sealed,
pressurized to 390 psig with nitrogen and agitation was begun. The reactor
contents were heated to 182°C, after which the nitrogen flow was replaced by a
mixture of 8 vol. % oxygen in nitrogen flowing at 15 standard cubic feet per hour
("SCFH”), and para-xylene feedstock and supplemental solvent were added.
The feedstock and supplemental solvent were added for 60 minutes at 0.567
mL/min and 0.633 mL/min, respectively. Thirty seconds after the reactor
contents had reached 182°C, the temperature set-point was increased to 194°C
and after another 20 minutes the set-point temperature was increased to 195°C.

After 60 minutes, feedstock and solvent additions were terminated. For 30
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4-CBA 4.51 66.80 12.90 5.64 10.60 23.83
PTOL 3.05 2.25 19.07 1.28 4.82 3.37
PTAL 32.68 14.87 42 .23 28.97 37.97 24 .60
45 .41 16.08 25.33 61.87 30.16 40.98
Burned pX 14.35 <0.001 0.47 2.23 16.46 7.23
% pX Conversion 6.49 3.08 19.92 9.13 6.29 0.53
Acid Selectivity (%) 40.24 83.92 74.20 35.89 53.39 51.80
COx (moles)
0.049 <0.001 0.010 0.009 0.055 0.002
0O, Con-sumed
(moles) 0.189 0.081 0477 0.128 0.215 0.085
COx/pX (mol/mol) 0.180 <0.001 0.036 0.035 0.205 0.007
25.599 <0.001 2.271 7.057 | 25617 2.145
COx/O5 * 100
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25.599 <0.001 2.271 7.057 25.617 2.145 COx/02 * 100

-43 WD 2007/ 133978 PCT/ US2007/ 068274 Conpari ng TABLES
wW®@20078339718 i s evident that none of the netal s PET/US2007/068274

Controls 13 - 23 approached the perfornmance of the

brorri ne- pronoted cobalt and nmanganese catal yst of

orrﬁ r!)q{lqgnji'éﬁgﬁﬁ g n‘tgl nt |Es, I@Q/rl]qﬁor{t ﬁ Lj’lfpaq%ggﬂhgarrﬁte arlTD BY Controls

13 C%%ﬁr@bbr%d 'tﬂe%éﬁéﬁhaﬁ& ofSihed b?orﬁlrf‘eoﬂr"éirﬁtﬁtbtlo&olﬁﬁlt and
antimony and tin, was about 4 times that in Control 3,

marmamsasna’q@ystaoft Cﬁﬁiﬁgl hod the womiumations obpaliggiurst antimony and

tin |n E’&rﬁfo[goﬁrg' > 24 49 %%h'ggé‘@@ﬁﬂeﬁ@gﬁ% 149, Aing a
commwwérhtlmo@ﬁ@hultmcwmwtwdmbsttam innCoMrolo,i #l€o using
acetyl acetonate in aqueous 95 wt.% acetic acid
antig@nyend tireonrversion wapshhlaved in TABLE 6. TABLE 6 15
Control No. Control 24 Control 25 Control 26 Metal V
Ti VITi  Conc (ppmw) 0(;1 i 0 Q 00/ 2000 Selectivity
(%9 TA 8.82 3.28 23.3 = . 0.31 0.57 PTQOL
18.20 24.30 13.42 PTAL 54.04 56.54 46.17 Acid
Selmgdatiorisywérd cahtuebe? 4s &9 CHAtral 18U Qﬁa%lrw%(\/\(e‘?@heb%rﬁ@u nts
15.57 7.56 pX Conver si oné 4,12 3.67 16
of yaradign(id) oacetylagstrrate 6and o tagiR(ME doxida sacetytegetonate in

B 5 ) B SIS BglioAed ook

TABLE 6
Control No. Control 24 Control 25 Control 26
Metal \Y Ti V/Ti
Conc (ppmw) 2000 2000 2000/2000
Selectivity (%)
TA 8.82 3.28 23.30
4-CBA 0.54 0.31 0.57
PTOL 18.20 24.30 13.42
PTAL 54.04 56.54 46.17
Acid Selectivity (%) 27 .56 27.89 37.29
Burned pX (%) 18.40 15.57 7.56
pX Conversion (%) 412 3.67 16.54
COx (moles) 0.043 0.031 0.069
02 Consumed 0.164 0.131 0210
(moles)
COx/pX (mol/mol) 0.153 0.112 0.247
COx/02 * 100 25.91 23.84 32.69
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WO 2007/ 133978 PCT/ US2007/ 068274 As seen from TABLE

6, oxidations with vanadium and titani um were
w@eowpas®m e to those with the individual netal BCEHOS2007/068274

netalloids in Controls 13 - 23. The conbi nati on of

titanium and vanadiumin Control 26 was better than

the .individual but, as w hthe bi na

ARt Jort, TREIE B SxidatBhs Wi \phagtind Bk fisim were
coniﬂé?atﬁa@ﬂw%é@mh th®TRINBGalh &1 86d sRNAIdIdSRNGBARSER 13 - 23.

catalyst of Control 4 or the palladium antinony, tin

Theceppbsiatips nofi htam;ﬂr@s vanadigm |rE>Q§mbnoég264was1l1etter than the

mdng@g%lrraﬁ@gggfes palﬂL ﬂw\;ieﬁma EQ@?’@%@QE ||$gf;§ﬁ? Bid 48793, did not

appfsdth @l@élt(tdm@hﬁo@éﬂl derbhims-pedmuid @ebalt-eeshdaresei ahtlyst of
10 usi ng a 300 nL titaniumParr reactor outfitted with
17

Condrolftidae pabadinpe @nEmoayi tiacemposiionuR FoeRtdesdrs. a
back pressure regulator, a mass flow controller, on-
line vent gas anal yzey 2,14and CO02), one punp
for adding |iquid feed%[a'é@%ianot her punp for
addi ng suppl emental solvent. The reactor bottom was
pr dh daesel examiplese pgleetiumrantimenfin ain@atitions agcordidg to the

, tat ] III t at , ,
invelfifh i 1sedoiol sesteorTRgoys XaABTSaof uetedtidedd ppterials
usir?c'ad 3002nfl. Qanilfe PRRGEAEIONBSUtERAEH SWlith P4 aRaghad tiRipeller
90 psig with nitrogen and agltatlon was begun. The
aglta@acneﬂuxmnd@m@sm%@ck IpEegsede regulgec. a massn‘lqw gentoeller, on-

ine 3% Ba PRAReI B BRotRE T o ol HoFing it tgeastook

andrsottherysurtp Sdding 80gplehren?dl dopestgt ock and

suppl enental sol vent were added. The feedstock and t he
aqueous, 95 wt % acetic aci d as_suppl enental sol yen

meﬁ@ear&aétprfwt%@\'\fﬁsnrer@@@ egh With 36791 W%@Obpe%%dium(")
r S i dibhat j40
scofd T 200 GEPFARIHSINY Bk SRR 1 B (03 o),
andT¥&htaqueocustaxetiafdcd (72. 6|g)| athemeadtbe wast sqabdeditpressurized to
C. After

390, 5B Wb HiERGER ck GRS S Batiin( 1 Dig rRarh contéts were
heated {8 163¢d ﬂf‘ﬁ’rltldtﬁneg@nl% eﬁ’ﬂ%’iKPJN% réplacﬁd by a'gguxtgre of 8%

mnute tailout perio egun During that “perio
oxygdre in B%O@emgfkmmg ati o sigedaghsulnic Xeetr psembarwa(dﬁ@&l—ﬁ) arﬁﬂ the
t he ailout rjod flow o

t h
feednpok Aflh SURPITe Tl SORECt rupiea Aoy "aTh olsebRiagk gnd the
aqu@b&é %Wt%aeﬁoet@ﬁt' Bhé supm%éﬂélrécﬂ\%rﬂ%er@%ddédﬁéﬁﬁg|rﬁ|$1utes
- 6 except the tailout 30 step was omtted
at OeS@ZTmLé@Jn ahd 0-e32 mly/miasrespgdiirely.allhyrty seconsts #ftesninitiation,
the Egﬁ}pl?@z&wez? %qu}go%g%%ﬁ\?alesg Ollhcr%ggede " bigg aP\A‘?erﬂgsren?n e‘tes after

initiation, the set-point temperature was increased again to 195°C. After 60

minutes, feedstock and solvent additions were terminated and, in each of
Examples 4 - 6, a 30 minute tailout period was begun. During that period, the
8% oxygen in nitrogen gas mixture was added at 15 SCFH. At the end of the
tailout period, the flow of 8% oxygen in nitrogen was replaced by a flow of only
nitrogen gas. Example 7 was carried out as in Examples 4 - 6 except the tailout
step was omitted. In all examples, the reactor was sequentially removed from

the heat source, cooled, depressurized, and unsealed. Representative samples
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WD 2007/ 133978 PCT/ US2007/ 068274 of the total reactor
product slurries were collected and anal yzed by HPLC
wanw7/153r8 Fi sher (water) analyses. Results of PERHAPLEE68274
4 - 7 are reported in TABLE 7. TABLE 7 Exanple: 4 5 6
Ave. 4-6 7 Feed: Para-Xylene (PX) Products Sel (% TA
80.37,83.25 81.48,.81.70 78.57 4 11.04 9.21 10.
of the taig! iﬁaéﬁr PRRHCt z?.il%ﬂ%.‘%93?%'@%%73”91.31@%’2&%@ ﬁ%@ and
0.02 pX Conversion 50.78 57.78 54.98 54.52 28. 07
(mol % Trinellitic Acid 0.2045 0.2070 0.2228 0.2114
0. fteselts of xemplgst vy Berreppdedd dABLESA6 0. 1890
0.1972 0.1893 0.1321 (BA) (w% 2,4',5-tricarb- 0.051

0.048 0.058 0.052 0. 410 oxpfﬁgél%gnw (W% Main
Oxi dation 0.085 0.092 0.091 0. 0.088 COxa (nol)

Tail out COx b Q. 198, 0.196 0,189 p. 195 ---] (pol)
BREdst ock |(molT mol Ja 02317 p. 338 0. 329 FFHE 7

3
0.318 COx/02 10.84 (not*100/ 0.1 .87 10.63
e 5 a Data|col | ected only v@)@%ﬁgn?ﬁﬁ?é 60 ninute

|ber|00 of the oxidatlon b Datal coll ectqgd dur|ngthe
t B S Yo

TA 80.37 83.25 81.48 81.70 78.57
ACBA 11.04 9.21 10.65 10.30 14.24
PTOL 4.14 3.48 3.63 3.75 4.16
PTAL 0.83 0.71 0.76 0.77 3.01
Burned pX 3.63 3.35 3.48 3.49 0.02
pX Conversion 50.78 57.78 54.98 54 .52 28.07
(mol%)

Trimellitic Acid 0.2045 0.2070 | 0.2228 0.2114 0.0066
(TMLA) (Wt%)

Benzoic Acid

(BA) (Wi%) 0.1816 0.1890 | 0.1972 0.1893 0.1321
2,4, 5-tricarb- 0.051 0.048 0.058 0.052 0.410
oxybiphenyl

(Wt%)

Main Oxidation 0.085 0.092 0.091 0.089 0.088
COx? (mol)

Tailout COx ° 0.198

(mol) 0.196 0.189 0.195
COx/Feedstock 0.332

(mol/mol)? 0.317 : 0.329 0.326 0.318
COX/O, 10.84

(mol*100/mol)? 10.18 10.87 10.63 10.61

Data collected only over the first 60 minute period of the oxidation.
Data collected during the tailout period.

The oxidations in Examples 4 - 6 produced TA in an average selectivity of
almost 82 %. The average total selectivities of less fully oxidized carboxylic acid
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The oxidations in Exanples 4 - 6 produced TA in an

average selectivity of alnobst 82 % The average total
w@edoeasiovs ties of |less fully oxidized carboxyl PCT/E81007/068274

-46 WD 2007/ 133978 PCT/ US2007/ 068274 derivatives

(4CBA + PTCOL) in the oxidations using para-xylene feed

[ts.of. sem -conti nuous

e (A JePTAIT AP abiiods RS PRIA-SViERe fesd mnd4.05
mol8%. 11 are reported in TABLE 8. 5 TABLE 8 Exanple: 8 9

10 11 Feed p- Tol ual dehyde p-M et hyl acetophenone

Pr%@é ft

e

Pty PO gy, Rl

Exatn@é&s 8.-54 dre32p06rtéd in Faddst &ck Converted (nmol % 63. 74
67.65 13.03 12.80 Burned Feed (nol% 2.90 2.77 40.74
39.60 TMLA (wt% 0.0708 888%% 0.1427 0.1562 BA
(vvt% 0.1926 0.2041 0.03b 84

and p-methylacetophenone.

o-tricarboxybr phenyl 0. 1699 0. 1544 0. 4575 0. 2474
%R%a}aﬁp in Oxidation cok (m8l % al 0.081 0.Joo0 0367 | 11
345 Taitout OKidatioff COX_b 0. 058 0. 055 0. 206 0. 198
des@deedst ock (mol /ol ) b 0p3iqiusldedyde. 639-Metbgacetophenone
COx1 02 (ot 100/ mot )y a 21135 201696 57 479 53900 Ta
@Mﬁ/ﬁd only ovef the firjst 60 m'rute period of
oxi dation. b Data copll d [dury ta hout
r| od. TABLE 8 displ ay§ %@gu on §r4e uﬂhg 11.69
4©BAd f eedst ocks, p-tolualFdehyde 770 p-m 2.65 1.97
acet ophenone. The ¢upl j gat el p-1.0 deh
ions in 10 Exanp e?‘l’%g d Qé&eﬁr gg@y 46.07
results, dem)ns rapigrg good2_|5qprcduc:|1t32|ty ofp.65
t he oxi dati ons. 'o t pl ual dehyde feed Was convertled
 beegstock CoRyerded HPO over @14 cilené/ &hd |wi t h3-8eat|er 12.80
BYFled F@éeooeﬁél%?)' carbokyl bgeacid 277 40.74 39.60
TMLA (Wt%) 0.0708 0.0638 0.1427 0.1562
BA (wt%) 0.1926 0.2041 0.0305 0.0884
2,4’ 5-tricarboxybiphenyl 0.1898 0.1544 0.4375 0.2474
(Wt%)
COX/Oz (mol*100/mol)® 21135 | 20696 | 57.479 | 53.900

Data collected only over the first 60 minute period of the oxidation.

Data collected during the tail

out period.

TABLE 8 displays oxidation results using liquid feedstocks, p-tolualdehyde

The duplicate p-tolualdehyde oxidations in

Examples 8 and 9 generated very similar results, demonstrating good
reproducibility of the oxidations. The p-tolualdehyde feed was converted to TA,
although at lower efficiency and with greater levels of partial carboxylic acid
derivatives as compared to the para-xylene feed in Examples 4 - 6. However,
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derivatives as conpared to the para-xylene feed in

Exanples 4 - 6. However, -47 WD 2007/133978
wea/UsR7/ 068274 the total COx generated waBCTSIW07/068274

| ower than in the para-xylene oxidations. The p-m

et hyl acet ophenone oxi dations in Exanples 10 and 11 had

the &5 B actetereRivas BUSh (AR IHEY indad Regraveneisiihps. The
p-metiiitetdftEhdn bRiflafohdlitiah g@phds AXiaphat W%ad similar results,

consistent wwth a higher 5 activity of the catal yst
inclgding doew da yieidsef Thedotal EPhgeneret hﬂeflﬁ\@ﬁ@ exastples was higher

i} B2 0P 830N gl RHIENR Fforer

activigheupleashtalydistordiicaitibl cishé p- rﬁémvmc@taphmdm@ feed material to

cat al

yst conpositions

cargy) @XI§%$ tharothe ritolpalde
conbi nati ons of bisnuth,
nmol ybdenum and caIC|uEka

the oxidation trials

oo SRt e els e Rl

et sy

roduc

gm’ pared from aqueous acetic
qiand Poxyaene fedsrony salts and
chrom um vanadi um

Fe%lwsugretals and results of

in TABLE 9. TABLE 9

BT R A0 0 i

catdlyR ToBpdsitiont Gidpated frbnB agleSud@calic adid solﬂf’obms of palladium

59.26 24.35 23.10 40.73 Tol ual deh 78 56. 77
andg HrERGnYs ol gl R NN o BISTUE. 4 ShIomERAl varagium,
Iisderd i ah th. 6@ afefysiGnetal ehel t |
olfSighdh o8 . 2off ye;%osgéecas R Gl g ar
rep@ B30T ABOESD O. 0210 0.5600 2,4 Tri car boxybi phenyl
0.2490 0.0041 0.0540 0.1970 Trlnellltlc Aci d <0.001
0.0050 0.0010 0.0020 COf[p!&s) 0.007 <0.001 0.045
0. 096
Example 12 13 14 15
Catalyst Pd/Sb/Bi/Mo Pd’S%’C”M Pd/Sb/V/Mo Pd’%ZMO’
Product Sel.(%)
TA 21.64 15.38 3.89 37.55
4-CBA 13.11 3.50 3.00 12.54
p-Toluic Acid 59.26 24.35 23.10 40.73
p-Tolualdehyde 5.78 56.77 51.86 4.34
Burned pX 0.20 <0.01 18.15 4.84
Total Int Sel (%) 78.16 84.62 77.96 57.61
PX Conversion 78.63 3.78 4.55 42.18
(mol%)
Byproducts (wt%)
Benzoic Acid 0.1310 0.0050 0.0210 0.5600
2.4' 5-
Tricarboxybiphenyl 0.2490 0.0041 0.0540 0.1970
Trimellitic Acid <0.001 0.0050 0.0010 0.0020
COx (moles) 0.007 <0.001 0.045 0.096
O, Consumed 0.592 0.105 0.193 0.735
(moles)
COx/pX (mol/mol) 0.026 <0.001 0.167 0.355
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02 Consuned 0.592 0.105 0.193 0.735 (noles) COx/pX

(rmol /nol) 0.026 <0.001 0.167 0.355 -48 WO 2007/ 133978
weROUsRE7/ 068274 COx/ 02 * 100 1.163 <0. 001 PGI/8H07/068274

13.000 Exanples 16 - 19 In these exanpl es

pal I adi um anti mony-tin conpositions according to the

| ’\\Iﬂhfl onx—woro II(‘QPI |h haf r\h f\VI Hafl FaVal af vari niic

fe ,Q@Wﬁeﬂp@l s in sol |1d16ﬁ°’or m| at <0@0§nb| en2313é§pe:jat i3 £00

usStng the 300 N reactor _used I exanpt es & - IL.
Bat ch oxi dati ons were conducted by | oading the reactor

with palladiun(ll) acel ﬁ)é g), antinmony(ll1)
acetate (1.407 g), ang—%rhﬁgﬁ%tate (1.143 g),

wei ghed anounts of solid feed materials and 95%

aglre thissea erémpl exc pall4diddh-antgnony-tin cﬁmm'qﬂltmslécmdlngﬁo the

the feed was ) -tol uic aci.d and
inveRgn 105 6g Sen ialel B aehY O Y SEP W G a Ae. SRl form at
amHu@ﬁtCFe?ﬁ é@@&ré%ir@gtheoﬁ@@w tefdor Lo HPERSINDIY 4 4 - 11. Bateh

addition of nitrogen gas and agitation was start
oxidEtiens eseteorcondoetednty medimghém adactor W8ET ral@dium(ll) acetate

(1208 A B i BReRR kR i ghu il afisrelR ¥ 44& i weighed

amo'UHté tof scHielC fieds nitftéedls | SHd 10884 %i@uebl]@ dceesdd U{1Q4 5g). In
set-point was increased to 194 15 Twenty mnu

Exaginles 16rand 4fi be, feedevaeAper gmoaﬂ@,@mqoammn wxemples 18 and

1o RESEERRE 8,7 dSepctnt, YL ol DesESAREY Sheblhced

to 390t psigesy. addieon Qﬁqilmgdmgaﬁwegltéﬂmb%tbﬂed The reactor
source, cool ed Fressur|zed and unseal ed.
contRess @@éﬁt@tﬁt%t% éﬁ% e angfthenutregen flowewas cseplase@dmfdow of a

minfip S et B85 okl YRR 2B G P 3B, SCFHY Thiny

secoRdPr4R initiatibBL Ehd Oterdpdthturd Os&ixsotht Gvaslndréaddd 4B 194°C.
Feed: p-Toluic Acid Terephthal dehyde Product Sel (%

Twendy 1mirete®. tershitetions. the temmamresset BRING W) lagregged to
1955)(;[[0@@ 119%)gg%gut%g the 8% oxygen “h netgog':e%e os\k/(\)/\?alé r%pﬁalced by a flow
of only nitrogen. The reactor was removed from the heat source, cooled,
depressurized, and unsealed. Representative samples of the total reactor
product slurries from each run were collected and analyzed by HPLC and Karl

Fisher analyses. Results are reported in TABLE 10.

TABLE 10

Example: 16 17 18 19
Feed: p-Toluic Acid Terephthaldehyde
Product Sel (%)

TA 11.60 0.27 55.72 58.07
4CBA 6.73 0.62 32.54 29.92
PTOL 81.26 99.06
Burned Feedstock 0.41 0.05 11.69 11.92
Feedstock Converted 46.10 <1.00 50.88 51.24
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Feedst ock Converted 46.10 <1.00 50.88 51.24 -49 WO

2007/ 133978 PCT/ US2007/ 068274 (nol% TM LA (wm %
wW@202389% 0000 0.4905 0.4891 BA (W% 0.2224 ECDUSN07/068274

2.1662 2.0064 2,4',5- 0.0478 0.0043 1.2386 0.9192

tri car boxybi phenyl (vvt % Total Oxidation COx 0.056

f"f'\/Il: odct nele r\ ;%'I'I Al aYaYe!

CTOUoUt OO Is AR~ A~ =

(MPE%). 149 (ol /mo|) COx/ 02 [ ot *100/|mol ) 24. 878

. 820 52. 270 52. 361 [Inconsi STENT Tesulfts 1 n_Exanpl

e
@'Mh’él (W¥ohppear to havk028&ul | eB.0008m tt@eﬁﬂ%senc@s-’%m
Aggtfa/‘ am nant (s) Car%?ﬁh OVET ofgs@M § Preyy 2.0064

experi meng en the p- t0|UIC acl egd wa

ﬂ@;&ed a second tipe tg@g was
érigarbokybipherpasur ed ac¢| w?y. Tﬁ'eret%or n6§ 99192
S(WB%yel ieved to repf esent t he| nor e accurate results

t i ¢ acid oxidation. Exanples 18 and 19
T&H@Jcigag i bl B reLHets | n @02lat]i on0.@d1a 0.301
dmebht hal dehyde feed. TA product selectivity averaged

Wkt h 4- CBA the nly~Aot gr e
3 */ﬁFi%%d%/ aci d deripat ﬁ?g b(%?bg % % gl aox 1.149
nera d in these exanpl es vvas hi gh. 10 Exanpl es| 20 -

f—'-l\\fﬁhﬁ\f—l-rﬁﬁ_'(ﬁﬁﬁl_\l\ )

Lox/apl (redi 10/meht | pforB4.878 n Corfpd2s t i jon 522 di ng 520861
I . ,

c 1l er Fnr sa I'\f\hfl UuoLs f\VI rl fl ons
o f

~

ording to th rocedur e exc
Stsientiesils T g atiss 61 %@@%@ﬁaato R padited from
r i a 0
the aéf%ééﬁﬁ% 6C%, pidfitfefi}- o fBaRygEndRin on BEIGRS Blidation
expeatiment. edeneedthen pIBBIE atid fleed cvagpaxidized af seeand tisne as in
nmet a- andy I?iﬁrea' | ene feed

Exa@péer&%?hg@ Was AeL) as%%jd fya iﬁe&ﬁgre( ,ﬁéample 17 is

beli&PER-t8Y teitesémtXthe more accurate results of p-toluic acid oxidation.
Examples 18 and 19 produced reproducible results in oxidation of a
terephthaldehyde feed. TA product selectivity averaged about 57 % with 4-CBA
as the only intermediate carboxylic acid derivative at about 31 %. Total COx
generated in these examples was high.

Examples 20 - 21

A palladium, antimony, tin composition according to the invention was
used for semi-continuous oxidations according to the procedure of Examples 4 -
6 except that meta-xylene was used as feed material. Results are reported in
TABLE 11. The averages of the results of Examples 4, 5 and 6 as reported in
TABLE 7 are also repeated in TABLE 11 for comparison of results with the meta-
and para-xylene feeds.

TABLE 11
Example: 20 21 Ave.4 -6
Feed: Meta-Xylene (MX) Para-Xylene (PX)
Product Sel (%) Products Sel (%)
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Pr oduct Sel

(%9 Products Sel
PCT/ US2007/ 068274

(9

-50 WD 2007/ 133978

| sophthalic Acid (I A 56.45 55. 26

wqa 2008133008 3CBA 11.44 11.56 4-CBA 10.30 MIOL PGI/882007/068274
27.22 PTOL 3.75 MIAL 2.35 2.67 PTAL 0.77 Burned MX
3.39 3.29 Burned PX 3.49 MX Conversion 56.77 56.40 PX

Conversion—Dbd4 B2 (apl 04 Lnapl 04 TM A Lot 04 0 2837
IsophthajipsAaiti() wtlog TB-4514  BR-{6m 99720, 5662 0. 5618 BAB81.70
3CHAt %9 0.1893 2, 3'444s4rilcarpogy- | .@342 0. 0130 10.30

2,4" ,5-tricarbgxy- 0.41( b|7p enyl %_lt% bi phenyl
MTQlt %9 Main Oxi dat iZ883&€0ta @7080 PPISH- Mai n Oxi dat i|orB.79

a 0.089 Taill ou b 0,231 0 Tai l out COx |b
M o5 Qo (ol 'r:rsogg(a 0 287" o T8 5 oy (ol / ol § 47
Burfe@®BX COx/ 02 11.43.391. )9 C&®2B02| Bort’ PKnot * 100/ nol3.49
Lt X100 N\ A 1o MNat o ~AAl ]l At AA v/ Ay t+thao f: vt an
\ mout LUV TTUI } A [ Al A UUYT 1T vl U PVl CIre rrrmrotl \UAW}
MX @omvessiprer i od gf t3&70xi|datgeu0 | PXOabavarsidnect ed |i 64.52
(molB® tailout perfiod. The neta-xyl eoms) dations of
Q. ’)O .:m 21 ngni n_denpnstf at ef‘l grmrl
TMIRRREFYCI bi lity. e Wasoadogwemrwtilwkopf | A tham o114
there was of TAin the |5 Bara-x_lene oxI dati ons df
BA (xpl es 4 - 6| THOGEugr DAGIBe &g\«»@%z also | 01893

G0 t W wer r $HoA% -xyl gn

ﬁﬁ%ﬁf%&ﬁoﬂ interneg?jz;tdfgs sg'@ﬁ\é’gs ﬁ%%;htﬂf &%%(?d B.410
P&V RYY) et a- Myl ene oxi|dat i ons ay‘p e$°/20 and 21
Maipddatioh €0xght|l y 00082 COx .0 { Muim Oxddationed©x® | 0.089

.oxi datijons of Hxanples 4 - 6. Exangples » 25 10
Ta"%‘éttg Xoxi dati ons d&F.2PX fleed.226 e gzgﬂ%‘t'}c Y as in | 0195
COXKBOThermdH® - 19 pt t al gosi/PXt (Sl insd1)? 0.326

tenperaturgs vvere(ggﬂsed. E?%]siu e was f(i xed a% 390
CO§928. Resul ts gre Tlepor tled FOTABEEN2wi th t he 10.63
(mo\ieP4we)of the results filrom Exapfnek120/ma)’r epeat|ed

fl UTIT TI:\BILE 7 f I I Uf CT CTIILT. TI:\BIL: 12

a

b

Data collected in the tailout period.

Data collected over the first 60 minute period of the oxidation.

The meta-xylene oxidations of Examples 20 and 21 again demonstrated

good reproducibility. There was a lower yield of IA than there was of TA in the

para-xylene oxidations of Examples 4 - 6.

The lower |A yields were also

consistent with the lower conversions of meta-xylene oxidation intermediates

such as m-toluic acid. Overall, meta-xylene oxidations in Examples 20 and 21

produced slightly more COx than the para-xylene oxidations of Examples 4 - 6.

Examples 22 - 25

Batch oxidations of PX feed were conducted as in Examples 16 - 19

except that batch initiation temperatures were varied. Pressure was fixed at 390

psig. Results are reported in TABLE 12 with the average of the results from

Examples 4 - 6 repeated from TABLE 7 for reference.

TABLE 12

Example

2

2 23

24 25

Ave. 4-
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Exanpl e 22 23 24 25 Ave. 4- -51 WO 2007/133978

PCT/ US2007/ 068274 6 Initiation Tenperature 100 120
wa2®71827882 (C) Product Sel (% TA 14.56 6. 0BCBUSD07/068274

32.16 81.70 4-CBA 7.74 5.80 10.47 24.08 10.30 PTCL

51.37 55.53 68.27 29.84 3.75 PTAL 26 33 30.12 13.11

8. B30 —PX Burned—0-00-245 1 4 50349 DX

Cohversion 2.14 3.06[ 8.63 31.09 54. 52 (rmo|l %9 TMLA 6

( \t%@;u U_IL_)UJ. <%@YUUL 0. 0021 0. 0911 0. 2114 BA (WA
<0 1020] gFOP&ray®4(14 .0~3896 89 4'

039 121899 1251P%. ds2 182

Tr Cﬁbboxyblphenyl 0| 0] 07 0. 52

( Mot Owt Aot v ~Anl N, ] a N 1NN1

var T COUAT UTUT UTIT COA(TTYUT) A U, [UU 1 U,

0.pp aodmﬁ)gw (%ai | out| Oxidat{on COX |--- -- i
0. (mol) b COx/ Feed k| O. .0 D74 .0, 329
0. 3% (mol / ol ) a ccw?snjzgé @838 .57100 %12 % 631.70
(npyd@R/ nol )a a Datp Gof4 e«tealsdurl ngo e fl2f48®8 g0 10.30
m phut e period of oxidation. Dat g4 coll ected duri|n

t hePT&L out period. [C BkBéh oﬁﬁa@ﬁl on%8-2fe | wed-84 ni t3ﬂ5

to [5§rAm nutes. i dati%]:sgm i \3|0t1298 EJ( DW Hi1y | I ap 77
t epperat ure of 140C mas enpl oyed i N Exahpl e '

UnpRpeBureedy, at 140C OH¥G} e vva&46ery i4a1 ¢ b5u5|9| ng ar.49

D\/L
| AN

f\'\/l N _N21
A\ .

ry ry la el £ + 1o
SO vent—to cal UUIT UAT UTS 1T VI L TIT cyrcc v

cohPXrGomversioat was [acl2itlved. 3W6n |t h8.63 31.09 54 .52

(mol%)

TMLA (wt%) <0.0001| <0.0001| 0.0021 | 0.0911 | 0.2114
BA (Wt%) <0.0001| <0.0001| 0.0414 | 0.3896 | 0.1893
2,4’ 5-

Tricarboxybiphenyl | 0339 | 0.0702 | 0.2181 | 0.7432| 0.052
(Wt%)

Main Oxidation COx

(mol) 2 0.001 | 0.004 | 0.021 | 0.092 | 0.089
Tailout Oxidation COx 0.195
(mol)®

COx/Feedstock 0.005 | 0.013 | 0074 | 0.329 | 0.326
(mol/mol)

COx/O; 3.08 | 528 | 4451 | 1311 | 1063
(mol*100/mol)?

Data collected during the first 60 minute period of oxidation.
Data collected during the tailout period.
Batch oxidation time was limited to 55 minutes.

Oxidation activities were low until a temperature of 140°C was employed
in Example 24. Unexpectedly, at 140°C there was very little burning of solvent to
carbon oxides for the degree of PX conversion that was achieved. When the
oxidation was repeated, but at a temperature of 182°C in Example 25, TA vyield
nearly doubled. At the higher temperature in Example 25, however, total carbon

oxides formation was higher.
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oxi dation was repeated, but at a tenperature of 182C
in Exanple 25, TA yield nearly doubled. At the higher
wao esopaesavsire in Exanpl e 25, however, total carPOnUS2007/068274
oxi des formati on was hi gher. -52 WD 2007/133978
PCT/ US2007/ 068274 Controls 27 - 28 Sem -conti nuous
oxi dati ons w thout tai Ol,gt re,conducted as in
Exanpl e 7 but with adéﬁﬂ—@m A &8 Wt % aqueous
hydr obrom c acid, which is a comon brom ne source
us &énfscontinlen®t @kldbﬂOﬁ@”’Gﬁth@Uﬁ' tailBiMdl agérer ecoldutted as in

terephthalic acid by cobalt-nmnganese-catal yzed
Exagyaleat bohvwith padition yaf e wt7Ragueess Qwérqté@f@l*ct @aid;, phich is a

corfAF bt bl CE UL L ATGHER ) BBl hifepre o

terephthalie 8 ackdBroy( mo@:&lwmaﬁg@wuathlﬁeao@xwdﬂ@W . ﬂ)él@xylene
Product Sel (9% _TA 78.57 8. 36 4CBA 14.24 3.
Resglts @re paiepried IBTA3L591%2N'§B reqbﬂ*tgLfrcgn daxaplg 73glsg4ncluded for
refeg%ﬁc%ed pX 0. 02 1.24 0.56 PX Conversion (nol % 28.07
.40 7.25 TM LA (wt% 0.0066 0.0050 <0.0001 Benzoic
Acid (BA) (w% 0.1321 0.1083 <0.0001
2,4' ,5-Tri car boxybi phenylABME %3 0. 4103 0. 1409 <0.0018

T + r\l f'\/ rlr\i-i on f‘f'\/ /rml \ n [aYeXe) n n’)') [aNNAYALS)
T A=A

/ Feedst ock (ol /mol) 0. 318 Bx4HRle0. 00 Tor@ax/ 02 GControl

( kun100/ nol ) 10.61 5.176 1./517 10 In [contrast tlo
ample 7 in which no bronine was’ addeld, uRéer 28

ofherwi se_ i1 dentical conditijons _the oxjdations in
ntlBo(&48 Wian@aRgoue)r e i npeded0®P0t he| [1@&6hce o0f0.1540

t rde: fuct—setectivity fetf—by

an Poodéct Sefl (Yayagni t ude and the main prjoduct was [PTOL

[ Tg\ontrol 27. In Control 28§ b\;g@?ne 8.66 2 36
4CBA 14.24 3.74 0.26
PTOL 416 77.09 62.28
PTAL 3.01 9.28 34.54
Burned pX 0.02 1.24 0.56
PX Conversion (mol%) 28.07 39.40 7.25
TMLA (wt%) 0.0066 0.0050 <0.0001
Benzoic Acid (BA) (wt%) 0.1321 0.1083 <0.0001
2,4’ 5-Tricarboxybiphenyl (wt%) 0.4103 0.1409 <0.0018
Total Oxidation COx (mol) 0.088 0.023 0.002
COx/Feedstock (mol/mol) 0.318 0.082 0.007
COx/Oz (mol*100/mol) 10.61 5.176 1.517

In contrast to Example 7 in which no bromine was added, under otherwise
identical conditions the oxidations in Controls 27 and 28 were impeded by the
presence of the hydrogen bromide. TA product selectivity fell by an order of
magnitude and the main product was PTOL in Control 27. In Control 28, bromine
concentration was double that in Control 27 and only a trace of TA was made.
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concentration was double that in Control 27 and only a
trace of TA was nmade. -53 WD 2007/ 133978

wWEONUERA7/ 068274 Exanpl es 26 - 29 A cat al ysSeCT/US2007/068274
conposition of palladium tin, antinony and nol ybdenum
was used in a series of sem -continuous para-xyl ene
oxi dati ons conducted _subs arE &by as in Controls 13
- 23 except that in m&&g—% the reaction 5
tenperatures ranged from 193 to 199C Catal yst
C O B&talys® RO NMYFRISHidH é‘PFélﬁblumy tlﬁhéhﬂmy\f@kﬂhﬁi)ﬂybdenum was

amounts ‘of palladiun(ll) acetate, antinmony(IlI]I
usegcdh ale, serigisn(9fl )sempiegantiauonp| pesRAMIeDE| YOxdatioase conducted

subgfﬁoﬁﬁéltlyggg H@\%@d:’f\ﬂ) eigoﬁggﬁfpﬁﬁtd t@)ﬁfﬂﬁl&ﬁﬁcﬁg thé Neaction

tempeteitmmynanééaﬁrommm to mo@igl M@Iyspwmpsobmbdgmm‘e prepared
cal cul ated as netals and based on 10 wei ght of aaueo

by glarging y@ighecaments of paladipmidy @Petﬁé?,eaF‘BW@W Il) acetate,
in BRI Ao, SR BICORAIRE ST aci 0 e
reactef Ecamoubisesroviirsy #0680 mjpnﬁma]mﬂbemnz&oomr&)mmmmemy, 2000

wth sele ities av r the three
DBy e Q00 o SDERRR T, A UEtES SRuRgials and based on
we.g}%feau@ohé%et.e%m f@Bnﬁa‘rﬁ@of fid HREbrAREM pensleRf z?ﬁtjer each
solid particles. 15 Table 14 Exanple 26 27 28 Ave.
oxndason rza arer wete esalgeed (28 lnT@\ogtsolsm @42@30%8%8950@&8 and

seldeiied, JReSyISTERMIess26 g fthBOBOEY Wity SoBLuies gyeraged
ove@ 198 thid¥ SRpatehehtan aféfﬁb%rt&? iB4reble 03, 8Rabtdt/chittenBAfrom
0. 0034 0.0038 0.0030 0.0034 2,4,'5-tricarboxybi phenyl
each rgn @Faonolugedsianky £olpredsalid PRIUEIES. 1727 0. 1660 0. 1634
0.1674 COx (noles) 0.043 0.039 0.036 0.039 02
Consuned (nol es) 0.930 Oﬁ@% {4 891 0.905 COx/pX

(nol /npl) 0.166 0.140 O 145
Ave. Ex.
Example 26 27 28 26 - 28
Products Sel (%)
TA
9552 94 .93 95.06 9517
4CBA 260 3.07 3.08 2.92
PTOL 0.52 0.63 0.58 0.58
PTAL 0.29 0.38 0.37 0.35
Burned Feed 1.07 0.99 0.91 0.99
PX Conversion (mol%) 92.34 85.03 85.67 87.68
BA 0.0034 0.0038 0.0030 0.0034
2,4,'5-tricarboxybiphenyl 0.0100 0.0109 0.0074 0.0094
TMLA 01727 0.1660 0.1634 0.1674
COx (moles) 0.043 0.039 0.036 0.039
O, Consumed (moles) 0.930 0.893 0.891 0.905
COx/pX (mol/mol) 0.166 0.140 0.130 0.145
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(nmol/nol) 4.671 4.353 4.037 4.354 11 As seen from

wo b@saesmzanpl es and the table, terephthalic acPdI/us2007/068274
selectivity of the palladium tin, antinony and
nol ybdenum cont ai ni ng catal ytic conposition was

aveonti anal v hi o and rocnil t S r\F 1 ha +t hrop riinc wor o
€

Coﬂpgﬁrkpor@mléagléub . 467 TExapl4393), {hg'-%7océdu4§56f

e. 4I§71Exa
l:l\a.llpl TS LU = u CI\L«C l J lIICll lIIC

d 0 0
%%@Sfrgmﬁﬁé?%%%@%iﬁ %@Jﬁ%ﬁ&f%ﬁ?"eﬁ?iﬁ'%X%ﬁ‘i’@%%@% fgty of
the tp%'llé@lhhhaﬂm Carfhhény AA% mohidenom tspEming cfalyti@&omposition
1.2% 4CBA and 0. 1% each of PTOL and PTAL. Feedst ock
WaSo%PfQ@iPﬁ@”@JWdh 'QEr?é\dd’@ﬁHﬁs gf thedhmmruss wers faghhyrrépmdgw@e-
tenperature were about 1.5 - 2 tinmes the average of

EX et d8 29, 4fe ré@cé%iﬂ%feéx ples>B A ehh ﬁ’c%wed except

oxi dat1 ords experiments was conducted subst ant| a
thati the EBrapglabse2@as iBBremsedptio 263{209660effhea@mda’sorofproceeded

vigdfguafewiiBaefer dgpier arlsfindOt IRSBEMAIG, agtestat) Han in
Exaftéd 26achg $obAIUCHA aRar@ed, bactk B¢ FRICEAH MTAD. tFth%dstock
catal yst netal salts and as 15 suppl enental sol vent

burniag aiid gereraton raf sladber oxides aather hignar tempeiatenet werenabout

1.5 7 Butie G S Bbog BLERRMG2ST 281 or cont ents i n each

of these experinents, _i ncI Iudl tal s concentrations
in the supernatant Ii@m@ﬁmm run determ' ned by
i nductive coup] ed pl asna analyses (" ar

r efoEEES | o PREAEONS; EXPeTIMEBIE Was qwéucteéxahbqst@nb_ally as in

cofln b 249 oot Y SRR e o o Ry i anc

moly’ddlntﬂn %Itﬁ charged B thel fedctor8@erd’Vatied ah8 theTH QitB2aqueous
acegc aC|d solutlon %argedz ?Oﬁ’]el Brgagégr @%/t 22cc:)ac}tg(ygt6 ?nzeztgl salts and as
supplemental solvent was diluted or replaced with water. Water contents in
weight percent based on total solvent charged and results of analyses of the
reactor contents in each of these experiments, including metals concentrations in
the supernatant liquid from each run determined by inductive coupled plasma

analyses ("ICP") are reported in Table 15.

TABLE 15

Ave.
Example Exé826- 30 31 32 33
Water Conc (wt%) 5 10 20 40 | 100
Product Sel (%)
TA
+CBA 9517 | 9508 | 95.04 | 9493 | 643
ool 292 | 258 | 212 | 270 | 1388
AL 058 | 057 | 092 | 057 | 4074
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Burned pX 0.35 0.23 0.02 0.08 36.53 pX Conversion
(nmol % 0.99 1.53 1.90 1.72 2.42 87.68 90.85 81.52
wW@20020387¢3 BA (wt% 0.0034 0.0022 0.0023 0. 0BP2BUS2007/068274
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i nter medl ate oxidation

ni gh se

nat er contz‘Jﬁ%/s ﬁ’lgh 1441 4p 1157

sing tpatsgsel pctgrei t] 3300 | 1110
produfts such as 4CBA, PTAL

ang MofyRdetesn BY) sl i ght |y w t h0PGicr ebidles n264@t £r2793

cofmncerrtctT dli OIr to 4|-U VWL /0 IIIC JCLI cdStES I Tl

sel \Y 0] h e t a d \Y

o TRESRPHARCEOBpATERS " AUETAEAL RSB e (Rl
corritibsitiaﬂwelnrmakuatcﬁs wmh nr&rrea@hgad/ater sonténtsAfrod 09 tat1®0 wt%. Of

wat er mfor the oxidation.in Exa lt?romine

i qui d
coutsg, Rod0avei Bie wRTeFbur OtlhaRBistpeclo X BREOTS DN
promBfld @ebhle- mafganese catalyst compositions conventionally used in

commercial manufacture of terephthalic acid, and also those using bromine free
catalysts as in US Patent Application No. 2002/0188155, even small increases in
water content of the liquid phase reaction mixtures can adversely affect both
conversions and selectivity to desired terephthalic acid products. Surprisingly,
however, Examples 30 - 32 and Table 15 illustrate that oxidations progressed
actively, and with high selectivities to terephthalic acid, at water contents as high
as 40 wt%.

products such as 4CBA, PTAL and PTOL decreased slightly with increases in

It also was surprising that selectivities to intermediate oxidation
water concentration to 40 wt%. The decreases in selectivities for these
intermediates are indicative of higher catalyst activity in the conversion of the
intermediates to terephthalic acid. At 100 wt% water as liquid medium for the
oxidation in Example 33, conversion was lower than expected due to ineffective
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par a- xyl ene and water in the apparatus used, but even
wowan/1s3ezg  difficulty, selectivity to carboxyPCTUSZNT068274
derivatives of the para-xylene feed was greater than
50% and selectivity to terephthalic acid was 6%
dations jn

. i th fi tl
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and two parallel 10 water-cooled titani umcondensers

for receiving overhead gas vented_fromthe reactor.

Gas feed to the react S Il ed byamassflow

controller, the pressure was regul ated a back ,

prmr@m@ggumwaw@r\%ﬁm gHaRrss W/%?eco techibater using

sup@Q%% %‘ﬁg uﬂup@?ﬁt&ﬁ&d@ﬂ%' iHe30 ﬁ{Lbf?trénﬂ]nq)ﬁéjr r@é]ﬁorﬁ linked to

ree ana yzers con i huous
two rigoid fﬂfed byestemlstargjasee‘lttbdrwmlmr:acmvgnadnwstlﬂrér caﬁddwobpaarallel
i car bon g%om de, and .ox react or

nonoxi de, S
watfiRReaad JLTg™ SORGENIE THePer VI NG SBEPY Moy Bitepaom the

r
220 TIERSS QL RIGOL IRl T p b oot

presson@osas i regslatethinys adbatk gakssidieuragudator ramly vanbl gases were

con{ VTG A8 B e KOS BrHRRg IRt P ow@en by o
banRef threensferd &8 8GftiruddishytthbhBothasent haed ﬂ)r%\‘\@éﬁtratlons
identified as P25 having "average primary particle

of cgrbon mPnexidancaenBEIxidar 8¢ exygern dheseaer yasheateedsing

a nodBtrerafe rERho Bl ekl fANeBed ROPLORR copiole™  oom

t enperature using an aqueous sol ution contai ning
palﬂhedbamlystatrlm@i |rarExamp|¢sa39t ane, 3Anderensopported catalyst

pt anol ybdat e whi ch wa ared by mxjin
Comﬁ’?&itkﬂnéu ppeged opata H ”tt’ﬁ‘é”%aﬁ m?iy%?gr&{mv'@aded at

Ieveﬁ]g@@r{é STABRE" 6 RANGH: % 5Rd W@e'&@ﬁér‘% b)‘?\_f:ﬁn!ecﬁmﬁé in air at

supported catal yst conpositlons.
650p@ld emxedranataseatandstubitk pasatitaoma wawden idanided as3B2athiving

cve R R B ko B A b B AL P T Srral o & Sotinea
fronarmé RS, 2R |ﬁ%eth\éﬂ titink) Sh@FeCirhplegnating |FW%XQ§§§ $iquid

wat er at 60C for 1 hour and th
'mpfﬁgﬂaftlﬁg 8d oo tempenatdrér ¢1SiNthearanAYWEQLS solutlon containing

pallgﬁﬁh}]ﬁﬁ g,fj%%tlmgﬁf %cetsé?é,uéﬁoo Ammmom {Jﬁ]t ﬁgpt% o]rygooga &Which was

prepared by mixing individual stock solutions of the salts in relative proportions
corresponding to the loading levels of the final supported catalyst compositions.
The palladium nitrate stock solution was an aqueous 35 wt% solution of
palladium nitrate. The antimony acetate stock solution was prepared by mixing 5
grams antimony acetate with 10 grams citric acid monohydrate and 30 grams
water at 60°C for 1 hour and then cooling to room temperature. The ammonium
heptamolybdate stock solution consisted of 10 grams ammonium
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pressure bottled ni trogen. The reactor contents then
and\&hi@'n%fmé\'drmocﬁm ¥-to a target initiation

tenperature, reported in TABLE 16 bel ow, was 25 begun.
Negiddtor R Wéré%@?ﬁﬁ‘tbilr eac?ﬁ@ﬁth‘éhr%a%ﬁfrgc%ttor% with weighed

|n|t|at|onten'peratu S were begun Yy
am@@soﬁimt&hys’cgmdﬁalyst c@gponemtevarmdf dleglulemang obeucﬁmzml water

" % 0 en_and 2vo|%n|tr UId

o8 g e RYE el 87 i el Jishien s e Fiaifibles 2.0

g oﬁbatbm@l acﬁﬁmeréoawéérauwj Wtr@trem&)nwﬁfﬁur@owh@rt 8ffixing the
pre-determ ned periods of tine, also as reported

rea¢tﬁr batomalel tbe reagtoeeddhetrgactior qm%fllf@ban@meswﬁedﬁtg 450
ps@)ﬁﬂg %g%rpquﬁ%@g&gggonsﬁ nTRé rég&o?::g&rﬁg}ﬁ%et'ﬂ psp% irred
anddwgdtiod tof a tanget &ﬁtmtfmp@rﬁm‘atmetl@ott@bl ie. TABLE 16 below, was
begun. Once the reactor contents reached the target initiation temperature,
reactions were begun by discontinuing the nitrogen flow and beginning a flow of
8 vol% oxygen and 92 vol% nitrogen. Feed of liquid para-xylene at rates as
shown in TABLE 16 was then started. Semi-continuous oxidations were
conducted for pre-determined periods of time, also as reported in the table, and
then the liquid feed addition was stopped but with continuation of the 8% oxygen
and 92 % nitrogen flow and constant heating for an additional period of time as
reported in the table.
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-58 WD 2007/ 133978 PCT/ US2007/ 068274 After the

oxi dati on periods ended, the 8% oxygen plus 92%
woeaoraspem f | ow was st opped and nitrogen fl ow WeST/US2007/068274

resunmed at 15 SCFH. The heating mantel was shut off

and the reactor and its contents were allowed to cool

dedrEe dhe oS BlFTOR R ez nd=chond B Bvael pbEALBtRGen fow
was%’t@?béd @indt Hl@rog@ﬁ Flow QRetrRsuRfdd Hens S’@ﬁHCOTH@%Qﬂné Phantel

SIS C. Reaction conditions and results are
wass abwn Offnarrdxane reactoF eyt tits ceontenisy wiese @allowed tth&ophitd eéoom

rermBRelfe” Aanoh bRt Fackdh RS EReSE sl e, Bgtpr botom

was'@statifed angdersavglie! Fthe tdtar reae®redifdr vdsocsileetart fof analysis
products. Unreacted feedstock entering the va phase

or
by HL e sReaetiafe@ ienand sesyli ara SeonaibIAB: 16%'%%ﬁdst00k

ot ST EThe i Bt T B o

ente4feBG5é vapor E'pﬂfﬁawb in tfﬁetreac’@r (suchS#a@bit v(/a:S%OSbngeF avaitable for
2. 5% Mo Tltanla 5% Pd/ Car bo gg
congergmtq;argglapc products F!Ar@rqafeé)c tgcé(@nter_lng he vapor phase
30 1 x
was%%%étbd%%bﬁcﬁ nQ(gr}a tﬁ/gl?%l%%uggg\?ca{gé)y d\?/?rght %ﬁ'ﬂ(g %@% mat rlal
(g) D&D water (g) 139.4 135.2 134.1 150.7 px
added (g) 20.14 22.36 22.36ABLE7G p-Toluic Acid (g)

2.0 2. .0 2.00 Feedstock Conversion (nol% 90.3 100
LOO i~dati on Coagitiohs - WD P007/ 433978
o %%aﬁ*@%&m 54! S 38 37
Reactor Charge
5% Pd/25% Sb/ 4 5051

5% Mo / Titania (g)

5% Pd /5% Sb / 759
2.5% Mo / Titania (g)

5% Pd/Carbon (g) 5.8503 5 8514 — —_
Pd(ll) acetate (g)

Sb(lll) acetate (g) 0.5209 0.5230

Sn(ll) acetate (g)

Mo(Il) acetate dimer 0.6510 0.6258
(9)

D&D water (g) 139.4 135.2 134.1 1507
pX added (g) 20.14 22.36 22.36 21.70
p-Toluic Acid (g) 20 2.0 2.0 2.00
A (Mol%) 90.3 100 100 98.3

Oxidation Conditions
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Initiation Tenp. (C) Oxidation Tenp. 200 210 210 210
(C 205 210 210 210 Oxidation Tinme (mn) Tailout Tine
W@ paon)3P@@ 90 90 90 8% Oxygen Flow 15 15 15 15PCT/BEHbl)/068274

9 9 9 9 Reactor

Pressure (psig) 455 455 455 390

Pr oduct Sel ect|V|ty M TA 94 30 90.85 85.37 92.43

2 O—1 685064388 2 23
Dmat@nlﬁempzmko 01 0238 Blirneg1pX 2| 99 5-29 4. 01
.Omdatlsp Tereguct s | (wt % of Total Product) BA 0.223 210

P(43) 0.04 2.89 TMA <0,gg01 N A NA| C02/ mol| / moR10
>5}9<|d%6i6n>'|561e>@|ﬁ]n) Exanple 38 Foll owm ng the procedufe of
Erangltesme (mig) a|serie 0of par a- xyl eng oxidatio 90
g%atﬁ & fgigous aceti? aci soli At di f grent 15

§ ures was |conducPed [isi n& conp33|t| or:I(9
D var ifous coftbi nati ons¥of b pal | adi um{l 1)
31 %%%( $%%$qpﬁony I'11) acetate, tin(ll) acetate apd 390
d¥¥9)c aci d-sol ublle s4PPs of on npre

ddirtionmat metal or metal fof - or standprdr zed
sBreduahGeleativily eof i n aqueous acetic apid in amoupts
pf%Yi ding the netals or nmetalloids in |parts by wei ght
DTAt he acetic aci g sod480t used90:85t he| oxi8mBT ons |aw2.43
adBpated in TABLE 17062 Enfriapg®l apd C8gon the 1.11
pl:rtg_ are Control [1 anfdg§ont ol @gqWhi ,h 18 qare 2923

yded for referencey 1fxanpl esgjgand Eofl so| o018
€ Xfor ref ef encZgggTAB_El%ggl\b. Pd /%ﬁ Tl 418
N Ce f : . :

By-products (wt% of
Total Product)

BA 0.2236 2.44 0.04 2.89
TMA <0.0001 N/A N/A NA
CO,/CO (mol/mol) >50 >50 >50 >50

Example 38

Following the procedure of Examples 1 - 2, a series of para-xylene
oxidation trials in aqueous acetic acid solvent at different temperatures was
conducted using compositions prepared from various combinations of
palladium(ll) acetate, antimony(lll) acetate, tin(ll) acetate and acetic acid-soluble
salts of one or more of additional metal or metalloid or standardized solutions
thereof in aqueous acetic acid in amounts providing the metals or metalloids in
parts by weight of the acetic acid solvent used in the oxidations as indicated in
TABLE 17 A. Entries C1 and C2 in the table are Control 1 and Control 2, which
are included for reference. Examples 1 and 2 are also included for reference.

TABLE 17A
No.| Pd/Sb | Mo | Ti | cr | v | ca | Ni | ce | Hf
Ex. | 483/505 | - | o= | e | e | e | e | e |
T | (494 sn)
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EX. 483 / 505 --- === =oc —on -en ocao oo - 1 (494

Sn) -60 WO 2007/ 133978 PCT/ US2007/ 068274 38- 499 |
wWa3®743397615 --- --- --- --- --- -- 1 38- 477P¢T/USD07/068274

=== B08 ==+ == - o= =22 --2 2 EX. 511 / 495 ---

e e ses ss- oo oo -i- 2 (489 Sn) 38- 474 | 471

AGE 15Q 2 209 AG7 | A6 A6
“ o0 OO0 SO SO

38--| - 499+ 483~ #90-- -|- 515 |- -~ 4| 38= 526.4 469 -] -nx | -
1-F- 456 --- 469 --| --- |5 38-|489 /| 517 {-- --{ 455
462 - - - - - - -- --1- 6 38- 5071/ 479 519 [-- 481 ---

38-"F - 4777 492" 1- =1 38pgd64 L. 467 ---| -z ---_--q -=- —
9 -F- 457 456 |8 C2 511 / |0 ---|--- -F- --q --- - -

504 Sn) 38-|507 /| 524 4-- --4 --- L-- -J. -..|487 493

--- 11 38- 486|/

(
9 C 71 513.2 ---[--- -l -] --- Joo -] --C
E2X'38- 5@629‘;&“’549 458|--- -}-"--4 458 |10 38f
486 (A8SFR)--1 --- |-
EM1E

38- | 474/471 | 465 | — | — | 458 | — | — | — | -
3

38- | 467/467 | 461 | — | - | - | 490 | - | — | -
4

38- | 526/469 | - | - | - | 456 | - | 469 | - | -
5

38- | 489/517 | - | - | 455 | 462 | - | - | - | -
6

38-| 507/479 | 519 | - | 481 | - | - | - | = | -
7

38-| 464/467 | - | -~ | — | - | — | - | 457 | 456
8

c2| 511/0
(504 Sn)

38-| 507/524 | - | - | = | - | - | -~ | 487 | 493

C1 |504.7/513.2| -- --- --- - - - - -

38-| 504/499 | - | - | - | 458 | -~ | - | - | 458
10

38- | 486/533 | - | - | -~ | 458 | 474 | — | — | -
11

38-| 486/515 | - | - | - | - | 486 | 482 | — | --
12

38- | 461/467 | 468 | - | - | - | -~ | 466 | - | --
13

38- | 449/497 | — | — | — | — | 482 | — | 449 | --
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38- 461 / 467 468 --- ---
449 | 497 ---

482 ---

466 - - -
449 ---

13 38-
-61 WO

wWQO®71IV3P78 PCT/ US2007/ 068274 14 38- 507/ 47BCF/US2007/068274

503 --- --- --- 499 --- 15 38- 495/ 474 --- --- ---
--- --- 466 --- 492 16 38- 464 | 467 513 --- --- ---
461 1738 526.0{ 5014

T4 L. ... ... 199.7 |18 Pd / Sn|M Sb & V|Ca Ni [Ce Hf

38- 464 [ 47D 461 @62 -- ---[--- -F- --9 --- 19 38-
38-4)64 J076463- -} 531 | -=-460903- |- == -L.-=-. 20~ 33-4983|/ -
154098 --- 494 451 - -} --- |--- -{- ---| 21 38- 507|/ 479

509 ———48t === === 3= 22 Resuttsof
38-oxi 48bi/dTd W t h--t he eenpos+ii pns--aclcor-€di Nng466 TABLE 10492
16 A are reported in TABLE 17 B| TABLE 17 B 5 Exanple

Gerpostten—fFerp—Convenrstor—peleetivity{9%9—oet—Fr4a
38-# (Gp4(mmize Y95TA ACBA PTOL- Ex.---1 Pd-L $b /- Sn 468 | ---
1794.67 2.70 3|67 77.58 38-1 Pd / Sbj / Ti |170 89. 41

103 2. 45 84|23 38-2 Pd / Shl/ Ti 166 78 11 2/93 3 68
38-8958530 /B £| Pd../ |Sb.L In 147|78.98 4.0414.25 72.04 | 4997
18

Pd/Sn Mo Sb Cr \Y Ca Ni Ce Hf

38- | 464/470 461 | 462
19
38- | 4647520 531 460
20
38- | 483/498 494 | 451
21
38- | 507/479 519 481
22

Results of oxidations with the compositions according to TABLE 10 A are
reported in TABLE 17 B.

TABLE 17 B

Example Composition Temp. | Conversion Selectivity (%)

or Trial # °C) | (mole%) | TA | 4cBA | PTOL
Ex. 1 Pd/Sb/Sn 168 94.67 2.70 3.67 77.58
38-1 Pd/Sb/Ti 170 89.41 1.03 2.45 84.23
38-2 Pd/Sb/Ti 166 78.11 2.93 3.68 89.83
Ex. 2 Pd/Sb/Sn 147 78.98 4.04 4.25 72.04
38-3 Pd/Sb/Mo/V 175 57.71 0.44 2.43 58.22
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38-3 Pd/ Sb/ M/ V 175 57.71 0.44 2.43 58.22

-6

2

WO 2007/ 133978 PCT/ US2007/ 068274 38-4 Pd / Sb / M /
W@2001/i3936. 46 0.79 2.18 81.72 38-5 Pd/ Sb/ V/ Ni pAT1S2007/068274

49.15 0.86 2.58 66.05 38-6 Pd/ Sb/ Cr / V 171 46.16

0.99 2.42 71.79 38-7 Pd/ Sn/ M/ Cr 172 25.30

1390 5-3565-83— 388 Pd/Sb+Ce - H—171 2387
38-400 OPGISﬁﬁ/ M&/(ﬁﬁ Pd173Sn| 16G5U% 88| 60.¥8 6. 24185./681.72
38-9 | —Sb/ Ce/ Hf 174 981 0. 00 0. 55 83.50 CHPd
38-55b 16ﬁd8s@/\@/®@ Q.44776. 5 381K Pd ¢.88b |/ ¥/58 Hf 66.05
167 6 00 0. 00 18 27 38-11 Pd / &b [/ I/ Ca 175
38.640 (0. Iﬂ@ @b&%ﬁﬁﬂc 36112 Pdgp 3P /| Gaog N 485 0. 49 79
0. 00 10. 00 00 38-13 Pd / b / Mo / N 17110 38 0.100
. 0 4 / I Ca i 74 4@. : 0.0
38700 5’@?58%% G 7 2B 17 4% 0. o8, o 0583
- 72| 0. 00| 0 0. 38+
38| s B4/ S Fedl 07157 oé§c?%o 8 3 8g12d Fore
1 0. C 0 0.0 -19 /S Sh| /
170 00378074 514 188, o7 398:% Pd 618 | g " ©5-60
0 §59. 73. /. $b 17
AL T B T
. 5 65. - 63 VWO 71183
éf“,T 182003:?‘1)2§ 74 V\e éﬁéu m 1.§8\8cat b (%B ¢orpdéi tj dib-75
havi ng aCtIVIty for [conversjon of substituted
3818t i Rdnypdr/ocarbons ARV ng 0x8-87zab| 080bgt iQ-08nt| 18.27
groups in contact W th _oxygen in_a f{quid feaction
38kt ur £dLBbant Cal Iy flyee pf -6fi ne| t®08n |5 @R0di z&.50
ar Omgt1 ¢ product COoMNpriSingyar omatic ,drUUX)liL acid;
38nh2r gi iPd 1 Ble / € /ANy st d6bposi ti@A9conpr?.68s | ( A).00 0.00
pattgdiom—(B)—<at—tegast—oneT Goup—i5netatot
3&tBal|l &ldd Skel bbx eNi fir otvant | rond.38bi shu®.00orn 20.00 0.00
annrdar ot o~
38-14 Pd/Sb/Ca/Ce 174 0.22 0.00 0.00 0.00
3815 Pd/Sb/Cr/Ce 173 0.17 0.00 0.00 0.00
38-16 Pd /Sb / Ni/Hf 172 0.13 0.00 0.00 0.00
38-17 Pd/Sb/Mo/Ce 171 0.13 0.00 0.00 0.00
38-18 Pd / Sb/Hf 165 0.11 0.00 0.00 0.00
38-19 Pd/Sn/Sb/Mo 170 90.89 0.74 3.14 66.97
38-20 Pd/Sn/Sb/V 170 59.56 1.80 3.01 73.79
38-21 Pd/Sn/Sb/Cr 170 63.18 1.13 2.77 80.08
38-22 Pd/Sn/ Mo/ Cr 172 25.30 13.90 5.35 65.83
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25

thereof; and (C) at |east one Goup 4, 5 6 or 14
metal or netalloid. 2. The catal yst conposition of

webk@rms7eonpri sing at | east one Goup 5 10 nRCHIUS2087/068274

The catal yst conposition of claim1l conprising at
| east one Goup 6 netal. 4. The catal yst conposition
of claim1 conprising antinony. 5. The catal yst

C osition of claim4 conprising at |east one of
Welc%{’%

1. vaﬁ'acﬁalliﬁlﬁ/s7

10.

11.

nium 15 vanadi um chrom um nol ybdenum and tin.
The  cat alcyst composition of ¢claim4 co

P HRNITE GRS EY T CoRveian &l substituted
CoR 3l g@bd&ssnwnav%a Bii5208] st RIMOGoL b obontact

claim1 eln the atomTatio of pall Group

15 \Aﬂ@t@tyg@n lma ﬂihU@l r@ach@h Uuktat@eulaﬁaetlﬁtyemee; of beomine to an
about .1 t 0, abo 1000; 1. 9,[ Th z{ocaf al %Sdt herei
cor%k?é%‘?ol BFP’B? '%PEF? ! cmzﬁra'w t APAR U FAROXYlIG ACId, wherein
Da|th@@tatﬁl'9§tQ:onﬁb’d?s\}tﬂ)rﬂcorﬁprlﬁeQ'(A)léaH&!@ﬂn B) BEledlst @he. Group

cal cul ated as el enents, is ab OQto about
10d0: metal or metalleid QBWte%BﬁﬁbgntlmQHYOblSmléh rAria combination

ddi 1 % S L 1
A DB ARSI Baih s 8 ob T4 ebbnfisBilidc

co 82?¥ Bt SRR 5 A o GORMTRUTE B Afast opa Gegup 5
20@3&533978 PCT/ US2007/ 068274 12. The catal yst

conpositi on accordi ng to any of clainms 1-10 in the

:‘r‘?ﬁgofsat%lys {edthn: |t|@r9ldﬁ°él§|n‘?rﬂ%h§>cr%%dj dtN8astuBhe Group 6

yst conposition cording to any o
clamﬁall 10 conprising at | east one of the palladium
G oup 15 netal or netalloid and Goup 4, 5 6, or 14
5 Mmekeadatalystnedmpdgsitioh obclbined comprising adtisopgor t
material. 14. A supported catal yst conposition

ac qpedeatalyse cohPodlitiba shelash ™ thapridfld atiads dreosPtithhium,
nmetal or netalloid and G oup 4, 5, 6, or 14 netal or

metVanadiue, HNECTHARIM i @Q'ybﬁeau@oﬂlﬁdjtl%upport material . 15.
A catal yst conposition conprising at |east three netal
or Tinetcatalystocompositiom ohelaing 4acamprasing yanadiumi.ty f or
conversion of substituted aromatic

The catalyst composition of claim 4 comprising molybdenum.

The catalyst composition of claim 1 wherein the atom ratio of palladium to
Group 15 metal or metalloid, calculated as elements, is about 1 : 1000 to
about 1000 : 1.

The catalyst composition of claim 1 wherein the atom ratio of palladium to
Group 4, 5, 6 or 14 metal or metalloid, calculated as elements, is about 1 :
1000 to about 1000 : 1.

The catalyst composition of claim 1 additionally comprising gold, gallium

or zinc.

A catalyst solution comprising aqueous monocarboxylic acid having
dissolved therein the catalytic composition according to any preceding

claim.
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hydr ocar bons havi ng oxi di zabl e substituent groups in
contact with oxygen in a liquid reaction mxture

wasnzws al |y free of bromine to an oxi dati onPCPUSHOT068274

12.

13.

14.

15.

16.
17.
18.

19.

20.

21.

22.

conprising at | east one aromatic carboxylic acid the
conponents conprise (A) palladium (B) antinony,

ond M6 R YShPARPOS ARG o AR SO TAAdMtBE 1orm of a
ti Qyatedér adld B rabiRiaci@RRRRIbIE 88Ii@f clai m 15
conprising antinony. 17. The catal yst conposition of

cl al @dfysk E%Pbgﬁtigﬁ rﬁéb’&g@@p‘%‘ Hh}/ #g clali§ 1€#) %g?@iritsljnr? at least

conposition o res ant I mony
19 onéhad teatpallgdium; &rpapith metad or chetaloid andoGpoups4 Ny 6, or 14

ti 2 | ybd . 20. T t gl yst
o ol sn ARt Cedlr e 28 A ot Edonet Sy ¢ i 1 and
nmol ybdenum 21. The catal yst conposition of claim 15
addi tSUQHQFtW %Q)tﬁfb/ﬁ ;QC}H@O%HIQJ] %&PM'@% t_00|0|azrinn6.3 whiegein the
Th aﬂé‘&iﬁbﬁ%roﬁg”@?détélo& t‘i’lfeéégﬁ’/dagﬁd Cd%t%'uﬁs4,l§,'6’%n]oyr 14 metal or

wher el n e atomrati o of fumto antinp
bi smetbhoidrara caomidal o ki sohidtsduppedfmateabtul at ed as
elenents, is about 1 : 1000 to about 1000: 1. -65 WO

2007 /cbia a8 cBmbodRiRMO toffitidity at3leakhethedd amegsdl or metalloid
conposition of any of clains 14-21 wherein the_ at

y. . ; ~atom .
r aCPBIRONEPE Padi iaNing adtivignifmconweraipnual ewbiyies, aromatic

nol i: . t . S

T YRR il (bR oS REnF GRS B odfad A odygen
colrpra Bquid requoiousniritet istbatandiatyfieegofibssnineetd ab oxidation
therein the catalytic conposition according. any of

ol B9t £OET syt Slsaof 3R JomaUB AERory ISrrti das Bbmponents
t 0 cBRpridk (%\'gabé‘iPad]rtﬁ'm?éB) BankiRforfyO bEnflithdr #8b&birtidn thereof;
aqueous organic acid irnsoluble“solid. 26. A catalyst
compdq) iab least ove dif titpriwmananafliueh adhiemiury 2molybdenum or tin.
conprising at |east one of the palladium antinony or

bi Jimetdatalysicaorpaositioroof tlaen d6f comArisimgdntimoani um

vanadi um chrom um nol ybdenumor tin carried on a

solTihe caaalpBosdmpaditsn of cladd .16 AchPikG Btblpsdatiuys!
conposition according to claim26 wherein the

pahinadiaaly s eEsrh PO b BlafUEHpritid BRAioRY dnbereof ;
and titanium Vvanadium chrom um nolybdenum or tin

ar §rgar £ sPNcmpBstian SWPdim 15 comprising antimony and

molybdenum.

The catalyst composition or claim 15 comprising antimony, tin and

molybdenum.

The catalyst composition of claim 15 additionally comprising gold, gallium

or zinc.

The catalyst composition of any of claims 14-21 wherein the atom ratio of
palladium to antimony, bismuth or a combination thereof, calculated as
elements, is about 1 : 1000 to about 1000 : 1.
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30

15 material. 28. A process for conversion of an
aromati c feedstock conprising a substituted aromatic

whyarosardHon having at | east one oxidi zable  PCT/US2007/068274

23. 4

24.

25.

26.

7.1

28.P

29.

30.

31.

substituent group to an oxidi zed aromati c product

conprising at |east one aromatic carboxylic acid

co r| si.ng cont act he aromati c dst ock ith
AR PR PE QL Ry G, 1425 Whdep GeeAol eatio of

a %¥I§$|Mﬁf to t%ﬁl&%'\ﬁdn%@hd?ﬁ%m@nﬁ&r‘n' ¥idiyodePun$ BEfin, calculated

conversion in the absence of broni ne conpri sing (A

palasaieants iy akoutrloupOAGiaabeut 1§100ret.al | oi d sel ect ed

from antinony, bisnuth and conbi nations thereof and

(CA alatalgzststsomhienecomprisi,ng Bguéous dekticetald draving dissolved
aIIo rocess of. ai m 28 wher the

catist Pesalaiie pampeSih ee ded (¢ @agp? s'ﬁmﬁ 6[}?p

nmetal. 30. The praocess of clainms 28 whe

catwwﬁta%h%gpwaﬂn 36RpIISHIS Y Of S347S dfie? mms fgrm of a
Tl Rlter S %@oﬁ Bidanic é’&d%%l%l%%oﬂ@ere' n the

catal yst conpositi I ses antinony. -66 WO

e WW%@%ZC’&W@ o i oL M B 167, Bermerigpo

| edsdstore of tHd paadiom; \emtiattinymor elsheuthusn combiraden Lereof;
and tin. 33. The process of claim 32 wherein the

ca ARy RN BBhPEERCIER. CRiRp T snoliBligHABATHN Saried qma solid

pr i m 32 wherein the catal yst conposition
co%??éggﬁatl‘éha 35. The process of claim28 wherein

et BPREH ErhsE R iRl hech il 'S, Bt 2pclyngeein the

el gamadiam;i antirabeytorl bisnd@h 0ok Q:oarlitﬂhétldrOQﬁerebf apd fita@ium,
process. of claim 28 wherein the atomrati o of

paIVﬁaaﬁj'HFﬁ t@remiirp, molgbdenum erolin e gefrigd op a solid support
metalibpid of the catalyst conposition, calculated as

eI emsn s is about 1 : 1000 to about 1000: 1. 37. The

Pr 0 e5808le oL Bogger L U i Bl o BB b BRsing
28-saESsmhﬁérd8| ardrigtid | Aydrécatpt | 194ving Xtatir geagtorgid sedidizable
at | east one Cl_8 nonocarboxylic acid solvent for the
ar §HBslittent groupdesahekidized aromatic product comprising at least one

aromatic carboxylic acid comprising contacting the aromatic feedstock

with oxygen in a liquid reaction mixture in the presence of a catalyst
composition having activity for such conversion in the absence of bromine
comprising (A) palladium, (b) a Group 15 metal or metalloid selected from

antimony, bismuth and combinations thereof and (C) at least one Group 4,

5, 6 or 14 metal or metalloid.

The process of claim 28 wherein the catalyst composition comprises at
least one Group 5 metal.

The process of claims 28 wherein the catalyst composition comprises at
least one Group 6 metal.

The process of claim 28 wherein the catalyst composition comprises

antimony.
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39. The process of any of clainms 28-37 wherein the
liquid reaction mxture conprises water and no nore

wao ban/1zdeesit 10 wt . % C1_8 nonocar boxylic aci d. P@ADUSZNE068274

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.

44,

process of any of clainms 28-37 wherein at |east a
porti on of the 20 catalyst conposition is soluble in
uid reacti.on e. 41 e process. .of a
e Pisesy ol ARatheisia e Vs ORTBROTHE COMprises at
Ca‘l@ééﬁ%ﬁe“cﬁﬁ'@é}ﬁuﬁﬂ QQné&uhﬂ%ﬂF&ﬁiuﬁl 'rﬁoﬁlbéehurﬁtﬁrﬁi tin.
reaction m xture. . The process of any of clains
28-1hé }HFk?d ‘snoﬁtclellﬁla§g @neRsih! M ehtd H)Lé‘f P@é g@ﬁ Gomprises
conposition is carried on a support teria
Thenglylbderasnof any of cl ains 28 37 wher ei n car bon
nonoxi de and carbon dioxide are generated in the
pr Ahessotesaof dainiBR wiasreint tharcatdigsttcddndositian eomerises tin.
nol e of oxygen consuned. 44. The process of any of
cl gihgspréBesy oMaRiMI 78 Wherédih GHE Gtémagtib Ot 3pﬁllkén&lkhrrﬁ? td Sroup 15
free of reactive bromne. -67 WO 2007/ 1339
PCMelshonmetaling of thg cataigstraiseesition, caa’qgulatfedca%ue}mnents is
8- er tyuted aromati c conpound is a
gl%é 1@96 t{;ggoéyﬁ’ﬁﬁﬁ%r h‘y oxi di zed di al kyl arene
vat ive .nation thereof ess
£ Thpdrapses Ghei A8 aiEteln e Ao, a PR b Gip 4. 5
Ise or PRf angtyl femetalRid st ihal bytaw@t%&ﬁgomé@ s¥lcaREed as
derivative or a combination thereof. 47. Terephthalic

acietements, isyabaud 1pr diste alfoud Q0 46. 48. The process
of claim45 wherein the oxidized aromati c product
compei rosess ef epim R8lwleraini the gatalpstudarnpasitibn comprises gold.
4- car boxybenzal dehyde, hydroxynethyl 10 benzoic acid
or Thecpirogesatofaamyt beickmis 2&37T\lvlaerw1ro¢|®63|qofd cdagtion4mixture
wherein the substituted aromatjc conpaq [
netcamaﬂssﬁeatdea% Cﬂi%?rf%@lﬁ‘?”%@@%@@%@ épiéﬁﬂnérﬁ%r the aromatic
dyakbMe or a conbination thereof. 50. Isophthalic
CI d rrade by the process of claim49. 15 51. The

b %gsér@%ﬁs log:réﬂ-ydr f\gﬁiﬁqsl napzte\ﬁg{algénri%%ﬁ@ngj Pg%(ﬁ'of‘ Mixture
- d'Ceh’fpfiSGBaD@tbhajrﬁjnﬁo andrd trearpebduz 40 wavo aki monocarboxylic

pr%cci:%Jdct conprises, correspondingly, 2,6-naphthal ene

The process of any of claims 28-37 wherein at least a portion of the

catalyst composition is soluble in the liquid reaction mixture.

The process of any of claims 28-37 wherein at least a portion of the

catalyst composition is insoluble in the liquid reaction mixture.

The process of any of claims 28-37 wherein at least a portion of the

catalyst composition is carried on a support material.

The process of any of claims 28-37 wherein carbon monoxide and carbon
dioxide are generated in the process in an amount less than about 0.1

mole per mole of oxygen consumed.

The process of any of claims 28-37 wherein the liquid reaction mixture is

free of reactive bromine.

-67 -



10

15

20

25

30

di carboxylic acid or 2,7-naphthal ene di carboxylic
acid. 52. 2,6-naphthal ene dicarboxylic acid or

wWQ@2007n339M hal ene di carboxylic acid 20 made byPE€T1€S2007/068274

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

process of claimb51. 53. A terephthalic acid
conposition conprising terephthalic acid and, by

weiLght of the terephthalic i,d, about 0.1 to oyt .

500 By RiPGESPI AOn O Eaies 27ed wBefe Beeniififtg eromati
abeggduhdtie BRIty HEAePHTH RIMGAIROOYdizeh! cﬁﬁﬂ{glﬁréﬁe derivative
conbi nation theredf, and about 0.1 to about 500 ppnw

25 oGacignkination theseofl4 metal or metal | oi d, cal cul at ed

as the elenent, or a conbination thereof. 54. A
t erléehplogess dcoslaint dipebetainrihs wubsbiuted @romiatie dompound is

poPpEEuEne f chBr ol Pidkias aaieniSts ongRive’S e cofbination

commdresf Ng terephthalic acid and, by weight of the
terephthalic acid, about 30 0.01 to about 100 ppnw

DAL 60,9504 HBbe PRl sbout | <68 v
el g, B el o Ruf TP AT O3B b 0B R pragiyeh corgryises
pphavethtiatic4acid, p-luioradid, metaborybaretaiidyidd, hydroxymethyl

calcul ated as the elenent, or a conbination thereof.
5 bepzoicggid or a combination thereof.

The process of claim 45 wherein the substituted aromatic compound is
meta-xylene or a partially oxidized meta-xylene derivative or a
combination thereof.

Isophthalic acid made by the process of claim 49.

The process of claim 45 wherein the dialkylarene is 2,6-dimethyl or -
diethyl naphthalene, 2,7-dimethyl or -diethyl naphthalene and the oxidized
aromatic  product comprises, correspondingly, 2,6-naphthalene
dicarboxylic acid or 2,7-naphthalene dicarboxylic acid.

2,6-naphthalene dicarboxylic acid or 2,7-naphthalene dicarboxylic acid
made by the process of claim 51.

A terephthalic acid composition comprising terephthalic acid and, by
weight of the terephthalic acid, about 0.1 to about 500 ppmw palladium,
calculated as the element, and about 0.1 to about 500 ppmw antimony,
bismuth or a combination thereof, and about 0.1 to about 500 ppmw
Group 4, 5, 6 or 14 metal or metalloid, calculated as the element, or a
combination thereof.

A terephthalic acid composition suitable for direct conversion by reaction
with at least one glycol to polyester suitable for manufacture of fiber
comprising terephthalic acid and, by weight of the terephthalic acid, about
0.01 to about 100 ppmw palladium calculated as the element, and about
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0.01 to about 100 ppmw antimony, bismuth or a combination thereof,
calculated as the element, and about 0.01 to about 100 ppmw Group 4, 5,
6, or 14 metal or metalloid, calculated as the element, or a combination

thereof.
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