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Conventional methods require long residence times, and produce significant amounts of
undesirable by-products. By-products include partially-oxidised intermediates of the target
carboxylic acid, such as aldehyde intermediates. For instance, the oxidation of 3-
methylpyridine (3-Mpy) to produce 3-pyridinecarboxylic acid (3-PyA), can result in
significant levels of 3-pyridinecarboxaldehyde (3-PyAl). In addition, decarboxylation of the
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To the extent that the reaction between the precursor and the dioxygen results from the

dioxygen diffusing from the bubbles into the bulk liquid, the reaction rate is limited by the

low solubility of dioxygen in the solvent.

It has now been found that heteroaromatic carboxylic acids can be synthesised by oxidation

of a precursor in supercritical water.
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conditions or near supercritical conditions close to the supercritical point.

The process of the present invention is advantageous in that it involves short residence times
and exhibits high yield and good selectivity of product formation. In addition, by employing

water under supercritical or near supercritical conditions, the desired heteroaromatic
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Preferably, said contact is effected within a continuous flow reactor. In an alternative

embodiment, the process may be conducted as a batch reaction in a batch-type reactor.
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As used herein, “near supercritical conditions” means that the reactants and the solvent
constitute a substantially single homogeneous phase; in practice, this can be achieved under
conditions below the critical temperature for water. In one embodiment, the term “near
supercritical conditions” means that the solvent is at a temperature which is not less than
100°C below, preferably not less than 50°C below, more preferably not less than 35°C below

and particularly not less than 20°C below the critical temperature of water at 220.9 bara.
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of degradation products. The residence time of the reaction medium within the reaction zone
is generally no more than 10 minutes, usually of the order of 2 minutes or less, preferably 1

minute or less, and more preferably 30 seconds or less.

In a preferred embodiment, the selectivity for the target carboxylic acid is at least 90%,

preferably at least 95%, and more preferably at least 98%, wherein the selectivity is the
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of degradation products. The residence tinme of the
reaction nediumw thin the reaction zone is generally
wmeosmsst han 10 m nutes, usually of the orderpof/U004/032392
mnutes or less, preferably 1 mnute or |ess, and nore
h 8 o ighf LG i
weRREH P (368 8RB B lapeink Ry @e AELF B0 et aid s e
Para@ibId okidised aldehysle G Pugitypansf ethatb repctaan produdts @8clydingrdegradation
fast 98% wherein the selectivity
pm?§ﬁ§ﬁ§%é£&ﬁgqv%<%gm%f the target acid divided by the
conbi ned wei ght yield of the target acid and the
I r 0
in kR ehbodtilt, BRI PERE NG TR, SR s Py ot east s0%,
prefexgbilye stsleabt ée%apqeérab@natag@t 70%, ppefefabtyr @ deatTRd) andfreferably at
o, Wi el d carboxylic acid is preferably
leaStBS ° g"}/elgg&}ftthe We1‘ger abf’%/prgcturﬁoéast 60% preferably at
Ieast 70@6 preferably at | east 80% and preferably at

east 909 wei ght of. the of .t he precursor.
e £35hs S0 Sg@%?ﬂf spﬁff?%%v\?oﬁ%eé? PLIH; PP VB sBamey be
gen@fallg heniﬁ)g‘lngﬁigmbde:smm_lr)ﬁbwf Thy fdlbw@%n(ﬁd Scubdioh feitdsi tlg WeSpkeferred
escr.i bed .bel o e fol] owin i scussion rel ates
emBEIDE o PGS dIPORHEn BV EOPRFhABUS. fF quenton is not
limited @b ovuch HOVBMRuratias Anat @el PleViRg dift@ssidhy @NFdrOthe! Surpibs of
ted to such a configuration and the foll ow ng
exe&?"?@ﬁ@@f‘(?ﬂyl s for the purposes of exenplification
only. There may be nore than one reaction zone in

serl es or in_parallel, For instance, where nultiple
Therg ay; RsnmoEsnEN PRe FrRaptian ome dp gerigs ¥l in pRwllple aFaraipstancantihere

muBpleieittioNBdnek & pArARPAE ated, tht QWcHhE ﬁl?d'@)l\feﬁf m?;aﬁyﬁﬁgé‘parate flow
t hrough the reaction zones and, if desired,

stregmg &I&assgger braveh thegpactioe Fonaiand; ifdesited e pr@ﬁucz étm@gw gy such
muth%lel&@é&l%ﬁl zbiRs hy B Bniftld 9 toPm Qrsﬁl%iécﬂrocﬁﬁ:f 83, WiRkEmbR l't}ﬁm one

han one reaction zone is used, the conditions, such
reaﬁsont@nﬁesrlsﬁ@@»rtbe corsifions supheasstamperaiireg nfay de dhe same asalifferent in

eacBQ@&&ﬁ)r Eaé@%ct&eﬁﬁ Bt o e&)gd@lﬂ%Eﬁ{y (ﬁl goglln n‘d)ecﬁl)tlhé(mﬁ[ ora

i sothermally. |sot errra or a cont rature
contioled WH}PC%@“?T’GWWQY bemaippiteddy hestcdxahryge todefuk ianmedztermined

ten&@ﬁgﬁé Sﬂbmer?@ %etrﬁrfgﬁﬁn{e ﬁ?%e&s tﬂfo‘ﬂg}} hE rétol he reaction

proceeds throug eact or n one enbodi nent of the
i nvention, the heat of reaction is renoved from t he

In Jn%%%.g&ﬂmepyoflﬁ%QBve%ﬁ§ %{r%%atvgf 1Vr&%cﬁg‘on 6 ?eﬁ-.?(o%‘é& Frg tigril g}" heat

accordi ng to conven ues known
exchirge|vath 4 heat-aeceptirtg, ﬂlfldzraccmdmaltrceommtdxeslaecﬂnemes known to those

skllYgEhQ %46%@1.2?0} gfsﬁg?egéls‘;d% c?i%éH ifi \79(5 0%'6?(@O§%e 158% gf \%‘HCAI technique

I ncorpora erence
is li'l@aloréacxﬂmmih byreffdrencel. (Otmmnemlgshe\ﬂl&htea‘cceptmg fluid comprises water.

The oxidant in the process of the invention is preferably molecular oxygen, e.g. air or oxygen
enriched air, but preferably comprises gas containing oxygen as the major constituent thereof,
more preferably pure oxygen, or oxygen dissolved in liquid. The use of air is not favoured,
although not excluded from the scope of the invention, since large compression costs would
arise and offgas handling equipment would need to cope with large amounts of offgas owing

to the high nitrogen content of air. Pure oxygen or oxygen enriched gas on the other hand
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The oxidant in the process of the invention is
pref erably nol ecul ar oxygen, e.g. air or oxygen
wenosohes? ai r, but preferably conprises gas coptEUSI004032392
oxygen as the mmjor constituent thereof, nore
pepnigs wse af| aysnpilee campyteRor, andr sneXiygéfigad |t@§@{e\4§91ullrgngn|t Ahd use of

: not f ured,. al though not excl uded
dl?y&g?#%ﬁ}ée gsxclz%n{eméﬁ © RREFSS %\ﬂg SYHHON S nce | ar ge
PaUmﬁ@ﬂE S@Vamtagemst §inds0idligl highiys ﬁ)llﬂ‘ﬂ'éj 119fvxfa€b§5unh@rngj Eﬂag?cal or near

woul d_need to cope with | arge anmounts
suf PRIl 6 TBRech? GHI boBydlt wRemNetGoMeh wilPbacere a
singleylpengatomwphgen enri ched gas on the other handpernits
use of a smaller conpressor and snall er offgas
treatment equi pnent. The use of dioxygen as the
Instoad defrvholeculdrnéxyREm GBS Sxihntt NS cMGIE! 2
. ]?lartl cul ar | égadvant ageousnS| ﬁyce |It?r& ﬁn h?xyge FerB’Ied from a
OFIROYRg: &8 @it BhAse cempeynd 4t rgem rfétaperstupercgmtammgadne or more
oxg@NAidmsQRs molddis, Ok Qchcc%h{p%bﬂ?j B3Pk en/ wat er
system wi | | becone a’si ng hormge’%e lljetsﬂg’ﬁggséé& %’i‘%a&’hwh
aCtBFS ASPYEUPLPRERY B ﬁeactl?fé%‘iﬁcmmsﬁmws alosnpibeds by &iro Sintith, et al
(Inexegi6ik] trhal SEChAB KiSBED WM, 189190 A)! i qui d phase
conpound at room tenperat ure, cont aPn %g one or nore
oxygen atons per nol ecule. One such corrpound for

Th@?()ﬂﬁ'@sls%f ithe MENRAGE RS fjﬁ‘l thg\’ggelcé ce o %n %ggla tion oBaéajys‘Sy The

% n by reaction or econp
cat1'1_]iyﬂ magnher $plubls ingthe qaptiaay matmm nvainpﬂsmg S’(ﬂi/enofmd}he ﬂ‘ﬂeféﬁiaromatlc

car&b)@ﬂé laGis pry&lrso?ssor, ggr]m tlﬁatercrxﬁ,engog%%gtsagrft glﬁy be used. The

invention is carrie
catg)ystuhethan homoaenpeons oﬂh@erommwsstypwa&y bempidetibhe of Fokd1Reavy

me{af:‘a&)ﬁﬂpgﬁlnd;fe ¢ gl m?&oqgg c? : n%angagn\é%ptggﬁgglgf% Bpferably manganese

het er oar orrat I C Ccar C acC
compouad(patlpres lagd ITal}'hEtleIIadigentémictSanC@IuﬂitMﬁtprdIﬁ)terbeFdiSﬁﬂance the

cata-ll_i?s@ nﬁ?tt%le¥1§§ of W@ %rpn% that g%ve %sl}?elgsléa érh{ﬂph earéq(:) g)gn eogﬁqﬁlggons to

y conpri ses one
proéucg aromii| qarla:rwﬂﬁ@ Acida (s0etn &S Rrep RINPIRL NS), mpdli@flﬁlfca&m()xyhc acid

ound{ s I one, and may opti onal
sol\%ﬁg Ig: 9 ??ogwﬁ%qug)g}oalg(ﬂa% e§ r%tagcpnoa% r(ugulqgf Sinc&s atllﬁagoates such as
acefatesndfycobal g/ dr aleagange. WontpaendsQF Bthet ALy BRME, BRADS Vﬁﬁ&’ium

e OXId Lon.re i ons_to produce

Chréé‘ﬂ‘é‘lr}’laq‘:é’é c‘;‘g’? %gx % gfhawde §Ef§hasa§ertueb GsPIHEN; bafhismg jand/or

nickehmay bphetl iistead bbmbyit bﬁ‘d/(&lﬁhzdlg&ﬁlsé/ EAdvan@ é;buslp rtﬂ@la@aqyc‘s’t system
wﬂlbh% Izal kﬁaggat S ar Q%é?%?gé (usual ly %Zl

anoat e e ﬁoné{ge § 0y att?@b)avmotarnwe@@ employed may be

in thmfganes elenﬁmapbmmh& bni® bhatidd 2 YHBE NYBS F%pclt}ggg) and/or

chr i ron, nolybdenum "a lah

°rga“‘ cﬁ“’é’%} c&FFu Omf FRESuRIZHAFoMiden manet/ ord di-lrkwbacktiy acid,

brorbmca@edmmﬂb e addrablomeiaiel AMneldi BRAGA)D €E).  Alternatively the
dA‘?l vant a%eousl y, the cat al yst system
oxidation promoter may comprise a ketone, such as methylethyl ketone, or aldehyde, such as

acetaldehyde.

Where the catalyst is in heterogeneous form, it may be suitably located within the reaction
zone so as to secure contact between the continuously flowing reaction medium and the

catalyst. In this event, the catalyst may be suitably supported and/or constrained within the
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wi |l include manganese bromi de (MiBr2) . The oxidation
pronoter where enpl oyed nmay be in the form of

web@meniusd brom ne, ionic bromde (e.g. HBr, NeBr/ysiB932392
NH4Br) and/or organic brom de (e.g. bronobenzenes,

rea I om)g% g %Fﬂrgﬁ%cr}ﬁ gt?cttvgglﬁgﬂﬂndﬁg%ﬁﬁﬁcgﬁb%eaﬁévg cross-section. For

instandey therhstetigehroostatalystanay. be. copted en nmothemiisp apbléed to, or embodied

[ e S
n P ST 98K Ul i o
reaWiirar @nt lse thaa thel rystion siedimmhiover mge trecamef (Stunh static alaxylerhe may
adcgtg(%:ntaﬁg L%\één gg aex%e y&lr‘g%nt;thg ‘fa'eg%tﬁ Is ﬁsu on Fz)z?sg h%ge }egction zone.
Altemaiitelyothe naalyst mnaarbd it the forat efinyshile péltetd; parsclea,/ €intly diviked form,

ta abI ort nd/ or consttai ped
meif bRnEE forBRE 1S il 3t BORER B TSl Gepn Gt fiStime o
theuredtibty zane ne that, it op@gmbh,ethé tataly st pel R B-eketRibra@ suspéided or immersed
. ILnstance, the heterogeneous catal yst be cqated on
in B GRAGR ipecti JEp e e dfe GAUE R 1The Jpast & MeleroBencous
catﬁblﬂl’rﬁrahﬁi of Ehege WaYLETRIHrS tHe QidNArikghe BT bRRAG BRI i cszhﬁw:ihu lc@thlysis

wi,.thin the reaction, zone, so that th
otTRE Tt ARSI coher SRRG OBEiRe oAgicd QTR mEls o eri e zome, further
oxi@htiiRiles pleyat adetiutddrar|or yha§ BE Mgmﬁaanﬁﬂ bepeesadl Xi ng of
the reactants as they pass through the reaction zone.
Alternatively the catalyst may be in the form of

Théekidh®onPRbdtRhSs iMahttd Gl @Ratidgl SR predindishe thef REdBntdBBIved by
sp ongg formor the |ike with nmeans being provided if

bripgipge Sgahapiefl pnd gHessised HepcRiteogedher e ar aIop ging orfdissway be

effédil in 4 RuABRT FWAR witlhEnCat Bt F tiReleh@hris BLifig RBHBER with the

suspended or imersed in the reaction nmedi umfl ow ng
aqtteﬁ%%‘ﬁnt PéOT it SE Rt R ttgipment of iepegaiticelfor ackeupereriicabennditions,
su&%ﬂin&% b'efﬁ et int HEF S WIPNS 1 RRIESS tHe r}gac%‘fhéqwlﬁgdafr&fn one

bei ng Fo confine the Catalysis effect to

an%hﬂrllmfé)‘é‘lf‘?%éﬁm%‘??é insthe fgagiion zepce t he reaction rredl um

has traversed the zone, further oxidation takes place

at a reduced rate or may be significantly suppressed.
In thp bately prgeass ofithe prgsant inyention] water, preeudsdypndesdalysh golatmoh are mixed
m PLERSHFL RS I RRTL L Sl MR AR BRSOy
optiamalty adsiad toothe mixFhe sindayeagtoredohditibmsg of lmnay hcj adited pabr to sealing

. th t

and/vvl\@lt)’leﬁlnlélI {g@ a&gbzlo%éaglg%gtgﬁ% rﬁ%r ﬁ é(; d%r 1;‘%f ter ogt €a| n%f]e fpaction
autoflaxsup ewdqfd andghbd ploduqmeeaschsngpda rAatyi shitahde pmdmml rdcbemg system such

m [ ed.in _suc y as to
o ARG, U6 SLEBEEAT PR R oy o
hetbroauoglatic ¢anlgeylieacid protdve reacti on zone. In the batch
process of the present invention, water, precursor and
catal yst solution are m xed
In the continuous process of the present invention, the reactor system is preferably configured

such that the contact between the oxidant and at least part, and preferably substantially all, of
a precursor is made at the same point in the reactor system as the contact between the catalyst

and at least part, and preferably substantially all, of the oxidant.



in an autocl ave before being heated to the reaction
tenperature and pressure. xidant may be optionally
w@odaed41467 t he m xture under reaction conditi ONBCT/U82004/032392
may be added prior to sealing and heating the batch
In 5 ﬁﬁ? Er%od‘ri’rH&ﬁ Cth@X)Sd rfo‘gstrﬁi&eci Qﬁh %é'qﬁé% s ekt 51@63 tljl'eI 19%er has been
he reaction aut oc? ave I's coole e products
hea{ﬁds@waprg%unseﬁkrty seaure thio| supgreTdiigalcer mear @wroyltlsq)ﬂaéqnvgﬂctmtable
[ ra I 0
prepeEiioh Al §"4es 0 18lire™bf A, Bk T 24 Ak B0l tcons
Solm d Aprremiasot is subjetthd tocpressimsatersandy dolesisdphieatig hn_rths eqst of a
pok SR Ao D55 Gy LB FoRE AR RBT) b S
anq) aff desireain Ueqtmgf Ehapreyursn ibe emﬁlyalahq/thaIok;damtsoherprmxmfesm then
n react or system as
colt G BheuRl T I B8 Es profest ind. RicsBisp SR o Gopprecursor
is qoniafted aith yheuwhisttésotvest rhiytusd ih theqfrestiive of tiedatalystl N a
first enbodi nent, the oxidant is mxed with the
aqueous solvent after the latter has been heated and
In @ﬁe@Sﬁiﬂrﬁlﬁﬂﬂnanoﬁtﬁe iiivenlttohea proquedoe is rhixedivitl then§@dous solvent after
rcritic wi th, suitabl ressurlsatlon and,

thei llal[’? & eh;,af rbgeép g‘ﬁ‘éeglt z}nrc}gpres(glllrlsF(i]1 éo SSEHEE Sb?‘if‘iﬂmi’ oI rieay ﬁt@)ercrmcal

statdf tvith tsbmbmpkeguﬁsaa&h WRT)Gf deBir, @eating06f 1he pbdelisBCHRSA tb Ghixing
if desired, heating. In the case

tg ESSUFI sation aﬁ
withthe, afyegne sV Hf 4° RERBEEIRY dshAABEIAYS catalypgcomponent, after

pre§saitigdtiofi tang QFHGHAE Mbating, BURhAEEE &ithOthPaGSoHE kSR QimdERbously
wn%f desi red, heatl ng. The precursoqr, the catal yst and

e eoptagEng 9f §d1r?ﬁé‘F§Pr Fritk fll‘iraé“"o?P%S‘ilYFé‘h Wgnalemalye arrangement, a

hetSloptHeb@ @@t Y6 uskd ahd Son‘fﬁ&ﬁ tcPthe ReREGH S8 aY TeRBbAY herein. The
het er ogeneous catal yst, a precursor is contacted wth

oxidlans afisy RI&TSHTISAHPR, &k 1rdlexiradr Beating tin Mixndeeitneaueq)s sphyent after the

latt6Akad ¥ heate afl ﬁ@s%ﬁ’ﬁ‘s@d ﬁf@@lqb Eﬂ%@ﬁpe‘?éntfcgleor hE‘a‘f%ﬁBe‘r&fﬁcal%tate In
precursor is nmixed with the aqueous sol vent after

the|cgeq efr2 Pracespusing pdamegeneend cplelysts thei oxidenyagueass laoleertt rmexture is

thef %&ﬁﬁ&&i Wit e nBkmuRERMmpRYRLE Sfeh?ﬂsﬁ'aéata%s@gﬁh \%(SLE solve t. In the
sui tabl e pressurisation and esl red e r{’

casg (if pPTOBSHF SISINE pir haserogeneqs ciafalystitheh om@tfawew solvent mixture is

coﬁ&:ltéﬁellﬂtthe H&c% ZdRE rlaen%mé esel?cem}r[gg ﬁ&%ge %?Jsaéa ?)’st with the
conponent, after pressurisation and optiona

mlxtgre@gmpa@n@dpmmwrmcbagq@g celsendol vent si nul t aneousl y
with the contacting of a precursor with the aqueous
solvent. In an alternative arrangenent, a

Cohtattef tgenaousstreamnshgshe déffscied byl way df sparhie rfmds too ddvéce in which
r e r The..o ant

the fgﬁéteﬁﬁétg Iﬂ)ofﬁ)ﬂlz gﬁ%& Hog%genlgg ds“a'flhi‘| ]%ase th’us a owmg( glg O\ﬂdf"ht and

preaqs@au seasto| The e vied inevhithhtbe Featls e uimm rh)eeefnr hstatoethaendy, T, X

S sed L QoS aguLe th u rcrLt ear :
or BESPHFbFTon Pt Fedt BRemitd K80 B8 parngp rmine
therepmngleme_ﬂms reaetbg loy Bitspme bizcumstanagitritiple Ous passhes Mdrming two or
more ():(otn%llal?ouls §low reactors. The flow passage or passages in which the feeds are united
may comprise a section of tubular configuration with or without internal dynamic or static

mixing elements.
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then contacted with the m xture conprising a
precursor, catalyst and aqueous solvent. In the case
wobooa/oprasTess usi ng a heterogeneous catal yst, POEUS2004/032392
oxi dant/aqueous solvent m xture is contacted in the
Ind ﬁﬁ?énle@ R 8MGrent 1r?hne| 6} s&ali'i@ nﬂ§§§ %%@vﬁlftagt‘:&ﬁl used fo ensure rapid
het er ogeneous cat al yst m xt ure cg Ing a
mixdpg ant Beyp Oﬁn@ityaé@remmpl@dp \pém.lote @tsmlwmn off oxudaet mm the Lagueous
1940k S Re RN at f fady Way of separate feeds to a
*Tdevice | n M%PE(EBSE&%g S are united to forma single
homobgeneous fluid phase thus allow ng the oxidant and
e fe
ThOLAGHE 2l h SREL peof 8 AEYIHE SrdyBndBhihbr o0 slogi IocaRbibor the
contaghfnay be aﬁchmd i W coam mage stegmls@that ftdmeipattof bﬁae feeﬂ dred bbth feeds
' -l ow sage formn ont.i nuUOuUS .
sreobiEhin s WORETIE Wb, e A oiE bR gy Pt to the
dirgzties aug efk)vcf dumghgthbwmomcrr nboreinstande] Pue dsedf maw beepusdedr dong a

o R, BRERSF  GERR 1 A e e s

apa\ml ﬂdmgthmsell bhohet cominasusallowlypasige sor tiat akd Geddiiod Y carried out
In a,preferred enbadinent, in-line or static
ProBieRTeD aFe s Btcd RS SHERUE ol Ratipes Pap etk degueous
soledntlasyaayDfe feed introdiicetl aexalfiple fodior@r onot e di ssol uti on of
oxi dant into the aqueous solvent and the formati on of
a single phase. The oxidant feed and the precursor

SintiRelgl, 1@ addicion bO UGy st] PARIUNETy RimoBerdul GhBlybtOGRAY IbREfREted in a
the.contact may be effected.in two or nore stages. so

Progystive; MapisLs - gpéﬁat myltipls mieeting PRt o felastye Hofté%dléreﬁ}oé of flow
thréugh tledeaed. i n a progressive manner, e.g. via nultiple
i njection points, relative to the direction of flow
through the reactor. For instance, one feed nay be

In FREHDHIdieN) thebxeRAt is MddScel |t<9We Q%ﬁﬁgﬁ D bPmAkY 16LbRE Such
other feed is introduced at nmultiple points spaced

locafipns @re ARyEHIE o Jrositipredtslativnwotie brlkollpwp a6 selegnt gud reactants
thr&d'gﬂtthet Jk@daﬁ@ﬁ%ﬂe‘ﬂiht 'o§1d§1§ i iRkt toﬂﬁ@&E&ﬁ;ﬁ'a\/% Mutlairf&ganon and

feed passe on e continuous flow passage
at lﬁqﬁbwd@ﬁheﬁ @ca@ﬂw‘gws@w@ said asnairﬁyamqme feed i nt r od uced
at nultiple positions. Simlarly, the addition of
catal yst, particularly honbgenous catalyst, may be
Aftr frassrsing tha cantjpugey Bew ireastorpthe egactian ixtwie Zomptises pl wlution of

hetérgﬁrgﬁl‘éfﬁpla Q*ﬁitcsacu{ e'Jl' { 'sé’i&tlc}no 'ﬁg dalgl r(ﬁ‘ﬁgltl OtaRs f H Olilged)s and

hroug e reactor. In one e
rel4tively o dmed d quamtitiere ofe dyiprasiuctat suoho asr mmmdllatee a(e| @nsldehyde),

decEPYRETHAPR o P UL o BB ORER T € 20 ve

ow O

The invention will now be described further by way of example only with reference to the

accompanying drawings in which:
Figures 1A and 1B are schematic flowsheets illustrating the basic arrangement described for

the first embodiment above, wherein Figure 1A illustrates use of a homogeneous catalyst, and

Figure 1B illustrates use of a heterogeneous catalyst.
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t hrough the oxidation zone that oxidant is introduced
to the reaction at an initial |location and at |east
won@churssher | ocati on downstream of said initiPBdT/US2004/032392
| ocation. After traversing the continuous flow
iiREShY o Qhel i PEASRS ntds05a"

P B3RO ok AOE O A D bR e o e
secowshembodiment aabywt, whefeinEigiles 2ndnd @B atlusymteyussnafld homogeneous
{ £ Tl g inter i ates_(e.
coufahd Eigis 8 o B 3 R oML O L B e 28 anc
2Dptheduislast ianutraingeduin s pdgresaet manmst aldige the reaefibh atnevdt [hultiple
- escri bed further by way of exanple only with

]nﬁ%g&%(gﬁge to the acconpanyi ng draw ngs in which:
Figures 1A and IB are schematic fl owsheets

il lyustrating..t asij rrangenent described for the .
righie, 3 & 3blshie AEvARE! SRR ER T gfied shanescuent dggin the
pretgeoraf adaled anpgemixed Streaai af oxypen @KIOvatdrgil. @n kBangement according

illustrates use of et erogeneous catal yst. Fi gures
to tE%PrQE?séﬁl[é‘StEaﬁ‘@ﬂrﬂguEea]f‘{ BM]g?eet s illustrating the basic
arrangenent described for the second enbodi nent above,

. wherei n Fi gur 2A and 2B illustrate use of a

Fighisigi n‘g{a oo AYs l'g%Hatﬁi GLiPEs PEEXER FopEEIions tthajrraay be

emplSgedab effed GliinOORI @ALDNE 3t BE Wadtantd Witk tHBYERSuLBIRAE 2D,
the oxidant is introduced in a progressive nanner
along the reaction zone at nultiple injection points.

Figlrle@UE & schemticdview MABAting nldIGS 5 Linjkddod D bRUAHRY I N nore
detail an arrangenent wherein the precursor is added
to a prem xed stream of oxygen and water (i.e. an

Figifel 736 0Q0EHYd HefeaRérdh Rihtof «d REERIGA&sSS i1l ustrated in
Figure A or IB). Figures 4A, 4B, 4C, 4D and 5
illustrate various prem xer configurations that nmay be

Rei%Hﬂllg%/FféuIteQ_A?Efoﬁﬁéenm%} ﬁgssgﬁsaﬁgn,li%%d QRE wfer LAG etlhe water has

reactants with the aqueous solvent. Figure 6 is
beegcheatgdtand the evixtpre| pretspmser mgd rmptienally fuhes dwatedjie praheater 1 to

hdve e PG Eritica] SAEE The | ' Fafd isati
iy 6 ] S 1 SRS BRI £ .
the §.6vajqy sticany ptt the beginnirg ofi ar amimediatelyshefrirx 8 redctdn 2vamt élie mixture

t . M r .
pasSid Bloub B HBLRE, DB STk BE LD, AR s oblel sha femgegyrioe
at the bagk-aradssues/ gulnter $.uBhy productscad castiealt aut inftrepm of tocd@irwater. In

. r . (. pressuri.sation, to the .. .
cor BB e 18 Be AR s Lk AT 5 R Roup Gpyo8 wicnn
thejwafior.e the reactor 2 and the m xture passed through

the reactor. Upon exiting the reactor, the streamis

cool ed and depressuri sed
Referring to Figures 2A and 2B, the precursor and catalyst, after pressurisation are added to

water after the water has been pressurised and optionally heated, and optionally further
heated in preheater 1A to achieve the supercritical state. The dioxygen gas, after
pressurisation is mixed with water at a supercritical state and optionally further heated in
preheater 1. In Figure 2A, the two streams are mixed at the beginning of or immediately
before the reactor 2 and the mixture passed through the reactor. In Figure 2B, the Oy/water
stream is added to the reactor in a progressive manner at multiple injection points. Upon

exiting the reactor, the stream is cooled and depressurised at the back pressure regulator 3.
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at the back-pressure regulator 3. The products are
carried out in a streamof cooled water. In

weoosespendi ng Figure 1B, the catal yst is alreedyus2004/032392
present as a heterogeneous catalyst within the

Thd Ex%gﬁc‘i’sr are 8@1-‘;1@& B{;tqg alstedth B EGoted?int@N dn %E‘n%sg&gm% lei%gg S 2 and

cat al ter pressurisation are a
2Daﬁh@ @qtalrms alm@rprmm abeéﬁtewg@ysmqa@bdt within thetréastoal | y
heated, and optionally further heated in preheater I A
to achi eve the supercritical state. The di oxygen gas,
Refgfringrto frgues 3irfegtatorio porgonmity egmpuising wattre preaifrsaa and dioxygen gas

are AR 1) Gkt BleSeuPL SRR SungEd RS SFRARR shffecs 10,

12 and t«&r@g@iarprﬁhagexolm wlhieré timedmmmehty alrctieated td fentpeaair© bf 300°
4 t he ctor. .| o

to B0 s Bl ST TRFC, VRl or Al E B i a0 o

370°0 ta aprupperdBisit vRaboanBE)® taubomiU20°) ehei pi¢sewrt iandh tdﬁtpefhhﬁre being
th t the streamis.co

sl Gl fodB TR AL koo SRS B Ejitaor o e heat used

to prichat ﬂteSfeeds&)a:E &bﬂlp&ﬂ:nﬁu’hayzﬁe aergxfeg ngﬁi ﬁfe @@?ﬂelﬂﬁi pr6du€dd. in the

res an t cat.a is
°°“é?%r<§§ﬁ“y %p%gléflﬁtrgag ﬁ&?@f g@ SFFEBTE st ?9%19% ﬁ??hff?ln @ther
soulf@at?ﬁe@'rbe Ref @crafnp]’ég it theHofhllo@ h%g %r@s@ﬁi‘étm& &1AN5 Q3 @HgSmay be
ecursor and_di oxygen gas are
cIigHs e e ettty WS, T b BebclcBTiPhpaRY freovered in

anySduRgd1¢ Rander, QIp. bﬁﬁlléﬂ{étdfl'i&t SRIMERR Dethlen thé flafatolldvih feaEHA and
a preheater 16 where the conponents are heated to a

a sylERiseeatafreptise Matisurl as waiot, Fordreanse. dhehaabpipersizg flud may be

arréhgéd o flbwAh G4t ékcflafn@é'nrﬁk%%t c@hn'te?é’ﬁ@r'éntll MdVorfo- &H@ﬁ’tﬁy, AR the
to 3700C to an upper Iimt of about 370 to about

reagippfpend sefxen massing: wroagll theetppetiontone AR gssseq ecpassrgen along

whiRh 48 héa@ac%@}?ti-hrg%ﬁdl ﬁ@&/? H ﬁé\@ﬁtngoﬁﬁe Hﬁ?t'fon%ﬂ@ an:?& 'bt: 'eﬁél'nal to the
conditions, Part of heat uUsed to preheat

reagtioBgang Hedep rnwn@mr@ wﬁymaﬁé th@rlgh/élt? fepgiiont me exSJtCh dnternally
ext&{cﬁ}%%xd;t)ds& g QPmePH: ﬁﬁtaﬂ%e éxhlﬂe?ld %&Qgﬁﬁ?@ﬁgel CoaRp frans versely

t ween precur sor an rom ot h
of gyugenergl ﬁﬁ?ﬂtlbe Offﬂﬂw ek dhepteactantisolyéng throngh Ofe ieaggion zone. For

exaﬂ{p?es?ﬁé %aﬁtc@ t ! n a?ﬁﬁeks@ gher%é(ctg zgrtef I%C]Sﬁ%&gg){hr?ugg one or

dirréct |red t he wat er ream
morescotled mhe&’rﬂayat%wnlen dwen@don of thmgcacztm tThioleethalpp o€ react@ngan be
t he fluid.fol i
use?g% %??&%ﬁp(g{l] gaaass&ﬁ%ﬁaqgﬁﬂl&ﬁ ?&evrlg Cyste such 2 autlur l%eu%: I 1nasg1gce the
heapvatceptingFdwid,i gt watere cart he Uha@alb ralsc: hmhl mgssﬁrle (shttlranelystdaen at for

exa@l’ Eeﬁ{%glﬁgra{u?e 1{;(10 é‘egsﬂ hgtatthe %)r( e gﬁ?"rﬁ Oﬁfléa?% wpﬁzg in turn, can be

curren o/ or "EOTELOr
supethagttdibn @(tana:l hsznlandsfm tpadiph refjictdnr:yactgﬁeﬁshg steamiinbig to recover

pof@iin Il SaP RO RRy an BE SHARERe 3 30 SpUiG Tyt apg gffective
enezgyneficiancylran e hehiieval. T ait hl&rnatwe approach, the reactor may be operated
under adiabatic conditions and a suitably high rate of water flow through the reaction zone
may be employed in order to constrain the temperature rise across the reactor in operation. If
desired, a combination of both approaches may be used, i.e. recovery of the enthalpy of
reaction via a heat-accepting fluid coupled with a suitable water flow rate through the

reaction zone.
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reaction zone and/or may extend internally through the

reaction zone. Such internally extending flow
w@amsagats) may for instance extend general |y pexr/abioed 032392

with and/or transversely of the general direction of

fl ow of the reactant/solvent through the reaction

zone. For exanple, the heat-accepting fluid my
Foliomang: heaging o€ theefgedstash compeneptp, prygsmdremined ovighhwatee which, as a
restiP b€ 9&%&?1% dnldb?rﬁ }nq&a‘a[n?dwxﬁ' B@ !quJ‘r hs%ﬁérgltlt?crai 3t ngdr gupgrcntlcal

reac e enthal py of reaction cah be used to
condéivovand lpowerapatila ofisodubilizaig the feedwtackr dic theempodigshiaittustrated in
Figf{ g¥heh shd' b o iy BRARGA" PR RRG, RERR MLy varer
in patixeat&R] Of ammead pleaursoe xauiplaBo be nmraadiwpxemd with water prior
me%ﬁﬁl ULE %%eggq6order of 300C/ 100 bara which, in turn,

can b s@ ernhéated by external heat and fed to a high

eff|C|ency condensi ng steamturbine to recover power.

I n thi th { t ai d at.
o e S 2 LR Pl e
tak€ anridne faddsi svieds Yl b @l aleb€rdoable iecafigliradén, ortahdatic mixer, as

react or r t under adi abati ondi ti ons _and
sl e ?‘Eh o 3P grresPF%\XFthrIg‘u%‘ﬁ“rF%éA to 4D and 5,
refor@RE LA QldpicRNle l]i&}heh@d VAR Q)UBisly ith tRY PRiniked, BOMpicksAthd reactant
t he tenperat r Se across the reactor in operation.

(Prcprsgle OF r By | S AP resHR med oetes hyhpdouble T

contigaior °ﬁ‘g‘rr€¢"w°““‘9éd 4fe@mE4¥e PAIIRVCAFN 2@ BE! TRIZe iaft efther be
paSqut&vacceptlng fluid coupled with a sujtable water

qugh ECRROERTHNYNE ﬂoyareeqt?fﬁ 05 BH SOMBINeh it & sHelststragm and

the@EasEétEthfoﬁQﬁ&Eﬂgﬂé cERTARABUNSAIW reatdy %ﬂX'ﬁec%&ﬁ%uMl&lf' may also be
wat er whi C a result of preheating and

usefl, 3§ kapyn ?atb‘i’séﬁk‘“?ﬁ mthgpst. ynder supercritical or near
supercritical conditions and hence capabl e of
solubilizing the feedstock. In the enbodi nent

It wifl) hgsappraciated; thatFipgjeadeofpremixingeane sascboftiateaetants avithi watet firier to

intrBAREbX Blto t]ﬁgéeactp SrPSNE, S rehRarfld @ Whtet Sith \’Metug'r Wﬁdeﬁ %dapately into

pr em xer B. O course a precursor
the g%a?rameymé meixgdowithinithehrepgsion zopsy Wish thecrid pf some forro of krdxing

arrd?l%@rﬁ@rﬁ"{@é a]s@atlc-m&er? W@eﬁf@b@ﬁl&m&l&%mrﬁﬁﬁ]ﬁ %rc%mlggl}]eglts occurs

em xi ng of each reactant an ter 1s-underta
WHEEWKUQKQOVQWFMUS forms such as Y, L or T piece, double
T configurations or a static mxer, as illustrated in
Fi gures 4A, 4B, 4C, 4D and 5 respectively. In Figures
Whak 4 borddgengeds Satalygfietocrecamploydd pi tegredchion, phe brtaly e i added as a

soh%vg)%efroﬁ %%RJCX 1t9ot)c()t !ﬂg rﬁ?gﬁl%dd( %&}Zﬁgﬁ/vgfepl frt 3 ta'??h [ ?aarlxi(;:]et 1m e as the

cursor or resu
preeursggds atded emthe bwntuhad ootpgenl veatek suenmi eigher ahmeadtiatelf pﬁmgmreﬁtenng

the ?‘rdl%t;togé\fzﬁ gﬂ;:)i% lngmr eP € reaagtgr P E:Oa%“’sl oevgn 1E|F1g%lgedl )2 These

Following preheating and premixing, the feedstock components are combined in a reaction
zone 20 to form a single homogeneous fluid phase. in which the reactants are brought
together. The reaction zone 20 may consist of a simple mixer arrangement in the form of a
tubular plug flow reactor, e.g. a pipe of a length which, in conjunction with the flow rate of

the combined reactants, provides a suitable reaction time so as to secure conversion of the
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passed through separate continuous flow reactors or be

conbined into a single stream and then passed through
w@2@sngl4s7 conti nuous fl ow reactor. An X pi ece PCT/US2004/032392

configuration may al so be used, as known to those
predleédr | 80t eaftd@yIRS heid MithVhigh &ﬁvéﬁ@ﬂ Refiddney ahf QBW 1ntenned1ate

i nstead of prem xing one or both reactants wth wate
aldefydesontedti nt r oducti on into the reaction zone, the

reactants and water may be introduced separately into

the reaction zone and mxed within the reaction zone
Whegjetthe faaetion; igl cartied ovtan ther presshcerie hetpregencong eatelyst syserg (i.e. as
shofipah B Th) e calfIG1 SRUnE i bE BBl s TS Rcot 0 he
flow direntiog end o be av-aktyssivei Vslﬂt tbe mc@mploocy exithaty ondeehe supercritical

d a so ut| on.

or BEE SRl Ry BA L Bvohd o oL B Pk Ble L b fecatas
systcamshet rate of seactien fnﬂe cigngwantlys toasighess metmedtpnanbﬁ degradation
pmgﬁ(&(sgen/ water streameither inmmediately prior to

entéring the reactor or at the beginning of the

react or (i . as shown in Figure 1A). Follow ng
R T e U OB T LB P TR SR B ey
may berogeinxiia afﬂrmgrekswb] amendriby \idjedting bherca@attiddaStrédnecontaining

oS AO5 Bl kA S SR, A B0, P e o

1mmém@uﬁg @leil'&ﬁe tu@éctlo& agang%rrﬁhtple sBdwiil @8 gbhindBuschow iréhctor of
unc t he e of the conbined

F’gprgaéct"hﬁv S tB? é?ﬁcﬁ’éés ﬁo@gﬁega?yea PEsck-i dh apj sbodignent wherein a

premded loRy Raratdr Sirédin &f addBE R £H1MBRE pr2utsbPwaiar 4e¥o4 | (hsCshown in
aci g[PWI th hl h conversion efficiency and | ow
Figpng: 2Phd dRrapE %mﬂ%‘}%ﬁa’é&ws&‘i?@ﬂ OF\{IgaY SURCFFEiticd qWateTp ptrqa W is

supﬁﬁdcf tb&ﬁ’e Optbredr eﬁch@f ﬂﬁ@?e oL a foctsshE WRiAARAR é&ous catalysts are
useg yst system ( . as shown in Figure IB

’aWétF‘S/ §tfea§'y¥,‘{ é’ﬁPWa%)SCb@O"éql% ihei gAY ehgroRess s’émﬁn heharogeneous
cataﬂ?s‘ﬁ@ BetcataBsis R@ufd &\%r&bﬁtQ%de%eafn OTHBRYre 6 p nges%ﬁtoﬁ%\ﬂhg Seactor

h the reaction zone so that, once the supercrltica

PIP%P aﬁ%%fra setigset! dacptions spaceq afiinferyals glong Hheyensth afitke pipeP,iposheated
anddonipRRsdd d%?gé?lccﬁékglv@@ i Tp&laﬁtl&@B%éé?E Lyg%ﬁhgﬂ]wa%é? & {uBbfed via

of reaction falls significantly to suppress t
injgsHeH Petsrens 4f el dgriadaorens prpfdw sstredtheSr ecaeptrisings themesired

hetQ@arS&lE'ﬁb' Qasbxyik ac‘ﬁf‘ﬁ‘l sﬁg@érglcylp& | ng%eqén&cgleaépgo%g "Sc‘ﬁ[mc%o ‘In this

Al ternatively, they e co ogr essi
MaRfgh e oXiygen necessary ﬁgeffmbcomm edation pbprecustor sethe carboxyhc acid

is 1&9&&%&%?%1\%%@&6 Bghairh SRE 1ngtoxﬁyt|1c%1 a%ld ?mg%llgﬁg s1gle Riions

t'he reactor.
and possible burning of precursor, the carboxylic ac1d product or the carboxylic acid

intermediates.
Referring now back to Figure 3, following the reaction to the desired degree, the supercritical

or near supercritical fluid is passed through a heat exchanger 22 through which heat exchange

fluid is circulated via closed loop 24 so that heat can be recovered for use in the preheater 16.
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i mpl ementing a nmultiple injection arrangenent i s shown
in the continuous flow reactor of Figure 6 in which
wo bweneast or i s constituted by a pipe P. I n anpCT/US2004/032392
enbodi nent wherein a prem xed oxygen/water streamis
Th@t%gféq sbidti %rt}?ew s{&&gieﬂ ks b'rroﬁ&& {'e\e@\te%'; se%h&?%(vﬂ'ﬁc SJHQ X\Qboxylic
In Figure ) a prem xed precursor/supercritical or
acidh éaﬁcosgrpfé fromithé spdtionades sustable moihivd pﬁplsdmp kdcevbry kndwndo those

i pe P. For a process in which
ski ﬁ%g@%ggﬁg q?%fysts are used, water stream Wwould
al so contain the catalyst; in a process using
Xﬂﬂ& ﬁ?eneous catal ysts, the catal ysts would be
prese i nside pipe P. The stream passes through the

Expegiachil wp'rlqowaPcan'dd att en 8 datioesorgfscdlobatthe ﬁSntBlpél&ecﬂ(lc&hon of

i nterval s alo the l.en p P, . preheate
prebitis? ol MRe e Sedi it B M st U b o mipmised by
usitpge@latisdlp dilwe sdlutiomb (V544 eiganis wainip Pilble ®asiy tahfigiaB6it dfake system is

ss BERRTErent | R AR TR ke oy Emose othess oracory

ambmxﬁum&m&nsHmaahnﬂguﬁear supercritical aqueous
solution. In this manner, the oxygen necessary to
ef fect conplete oxidation of precursor to the

Hy@ad0peydride @00 dolluﬁae) WheGluesd tl@raﬂgf)ﬁﬁﬁxhdt@béhc&\iﬂahoﬁ BRhak B2%
of cg%trollln idation and minjimsing side reactions

solufien. frgde agtumpy Gediehly BF Prlesulohydreasa pelz%isms thenghepigd in

preRdafflUGh Rhsidtih@ dFad BIaxavhli &f 'AGhdh OB, &fidiMElsake&P tubing cast into an
Referrlng now back to Figure 3, follow ng the reaction

alupipiym glogle shegepte Bgrag of epdnsuderaen asaahiowd byewing a relatively

long B Bt préihtef h 50, drieSoxRARBEMer! M@ WAD tRn1R8d NERANGE Tross
2 through which heat exchange fluid is circulated via

piegq ’o‘iéeuh?rs dowasscogtscted atithbyppreeusser ped paletipneaf ddnBro eatelgs, fed in
frotn Thdif v ﬁﬁﬁater 16. The cool ed solution is then
supplied to a product recovery section 26 in which the
carboxylic acid is recovered fromthe solution. Any

Oth%{-‘ h&rﬁ@n@nt@kh%ll@é iPF g?t %sggg&ygﬁmg eg i(ﬁoﬁ t é)lressure

l'ed in the art ma per i nen
relw Y@lwa,sl 6da-Ei aoh-tstim galves; |l @ﬂJArFammswrs trariSQudyys, fThthermocouple

(thé Qlﬂﬁﬁm atglxbl?/‘%\g Brcegéagﬁ Nss L&)ilﬁi%s a ?—ﬁn%%u%{e tnlotcé’:}lown) The

wat er VVI
prehgateir ias ebitatngd fromniyWde GatbiHv @ieypua,hpls unteee Sd$ant303n305( 366/and 303;

the gg&@gésgur@’/ré@llatoyaﬁtaagé rrg\m(;[%\g{?olrr?@ géll 2%“172% 2%1 :BEO ‘.c’ySt em i s

out gure eta Stration
of the systemused in these |aboratory scale
experinments is shown in Figure 7. Hydrogen peroxide
Magih@n vaytosioe pcamsindhd gied of thearosspque dp4 whke oxidant, precursor and

the cgtalcygt so{u%to{l ?rpeefc’ ucr'?wﬁ’]arly at2tl{e incoming unheated catalyst feed pipe where a
high temperature gradient coincides with bromide ions. Hastelloy C276 (or titanium) was
used for the final section of the catalyst feed-pipe and downstream of the reactor, before the
mixer section for addition of NaOH solution, if used, where a temperature gradient of
approximately 100°C occurs over a length of approximately Scm, and 316L stainless steel for
the other components. All pipe work liable to corrosive failure is protected inside

polycarbonate shielding.
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solution, fed to a punp, cooled to 5C or |ess. The
hydr ogen peroxi de was then heated in preheater 152
weonsisi4sng of a 5mcoil of 1A inch O D. stai nP@EES2004/032392
steel tubing cast into an al um ni um bl ock. Adequate
m xi ng of oxidant and water was achi eved by using a
relatively long coil in the preheater 152. The
Befoxd aalntuhyhe eppafdtusiishyasstatibaly paswe ebsteth Whengtbldl hed Grthehcheated

e it acted wit the rsor
Wltandﬁsol gtphf?%el}%ﬁi(g T“;ﬁm) f QA% °|p8 Frl'pe@\%e was
reafm:dp’fhe hﬂrh@’n Wmdmﬁéﬂ andthe phﬁbe fdrqﬁecuﬁoﬁlﬂLMﬁBE vesge started.
TfoI t E: % 2 3{1 ressure relgl ﬁ f

YRIGH! e%“ e@%ﬂmﬂ* E“asﬁ‘Bh foF 8110, P oY) \Jbg profaels Wepe usppllyscofjpeted for
sequiéraiab ﬁemﬂe f 15: ort 302 mimea Ugpldeanalybal. @hﬂm mymrheat;ﬁrncxpauy by

reheater 152 cont ai ns t her nocoupl e,
Hpgh m@) yickiog S{)P@H@‘Eﬂ% wa C%?Qﬁsﬁgeml% RRIRERLTaEiR PF th? Jifferent
profutiPin theyoRutich UE@Rd 8P the nddlr corddftratidel oBthd fecdtBek fed to the reactor.
backpressure regul ator obtained from Tescom ( nodel
26-1722-24-090). ©Maxi mum corrosion occurs in the
Exsfigleqn of the crosspiece 154 where oxidant, precursor
and the catal yst sol ution neet, partlcularly at the
i ncom ng unheated cat al yst feed pi pe where a high
Usin@ MD@{elhté Sf d&%bﬁ Bérokiad, Qcalﬂ%%td%ts&umrpﬂkqﬁeﬂa%ﬁlsm 56 ml of
Hastell o 6 (or tltan|§£% was used for |naF
pergds prsly7 m’c plenangpuie yeter (et mseqhem ms@tae@omﬁ ¢1bawmlyst stock
solﬁthﬁ W %Fép@xred bP &is@iAing MEndZhes8brodfi&d inMandpafe R D h 95hchfltratlon

solution, if used, where a tenperature gradi ent

of &OO@@WW 9@@ %MP@UW@)‘Q@ weg hel¢ eepagptaliomegdilyteds A stock solution
of SRRIPHKIHBEE 4. S%Was%éba{?éﬁqe feh %bf@/ :g%?rg%tf Q! redc®dr, Bl Before the

ot her ‘conponents. pi pe wor Kk to corrosive
backgir¢ssire ragylaor.ot ect ed i nsi de pol ycarbonate

shi el di ng. Before each run, the apparatus is

hydrostatically pressure tested when cold, and is then
Deiensed dvalridiong Wasawmpkd trpezhl Bipreiteatent evixigpiedOnteactbm Kaustic

mu%] :‘i:%oltepﬁid%ag Ette%fg %@gﬂg{] agta;il%tg to\sgor%rtpréletg% Egaq 'resufénce tlme thrd)ugh

rogen pero recurs
the I\m&tcz toet @ sebadst ethe Eyigercaltime, wasndedingd ad ﬂtenblu\N&SofrthEl tubular

5 The duct.s were usu ect ed
rea;t&r PS eegvﬁfekn ﬁﬁlp%r]?%ﬁ% og 0% pfff)esmﬂlnu arﬁld‘ g e EeaSlines 1o
mxtaxtmklycsmabtloﬁ’mndttgxe \amnd/eas |qf1¢reH t}mf lremcmqmabvity thxy addlidn. ofT Blium

r ed as.the nol
hoobfi sy s PORR R, R 85 Bl E o s Fased on e
ph}&&hl,lpnopm'tldil ofi Waek d1ythd hmmg) lcafdltmm%r}iubﬁihle@nn Ofterhdt®nal Steam
f eed 1 Using 100
TaRlen 4y y fsh@ﬂ}"&@éﬂgﬁ% rdé am&‘?lg@ock sol uti on
was prepared using 56 m of
The back-pressure regulator was set to control the reactor pressure at 220 bar. The heaters

were set to control the mixing piece at 380°C and the reactor at 374 °C.
Each of the reactants was pumped separately to the mixing piece. Methylpyridine was fed at a

concentration of 0.50% w/w to the reactor, oxygen was fed at slightly greater than the

stoichiometric rates required for the oxidation of 3-methylpyridine to nicotinic acid and
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peroxi de and 760 m of nanopure water (18.3 negohm

resistance). A dilute catalyst stock solution was
w@empasks? by di ssol vi ng manganese broni de i n neqDpsa084/032392

water to a concentration of 5000 ppn1m/m10f Br.

[ I | ut e

CatiﬁY éln s %ch] o‘;he émg I%%ﬁes gjo %ng‘rat% 2cot ation q‘ 16A?) 40 pprg Br in
thetrencfoeed domnstrean1of t he reactor, but before t he

back- pressure regul ator. De-ionised wat er al one was

punped through the preheater, m xing-piece , reactor,
Aftearggdhing stzibteset-pomobcmdlt@nd san@ptds- vperresslwbtea ol 83 Ainudd in®rval
am{%%e t o control e final reS|den tlne t hrough t he

ST G Sede TR AP P28 MR -t TOVES: IS ks Sty Eood
selaﬁvilt)h éor\nidotinie aofd (hf(b&nd 0f) axra EResiof of Rb&E BOY.K Samél 3-pyr1d1ne

bet ween .t h [ i.ece the first to mx
Car{’ dle@g%tvéﬁt‘ge it Pé’f é‘ngwi "2 Gallreatied REpcise §stablfgin the
reattionGredieiaridie réce@edd 20 fhewhd bf théieagttddi ti on of sodi um
hydr oxi de, divided by the volunetric fiowate. The
volunetric flowate was based on the physica
properties of water at the m xing conditions, as
published in International Steam Tables and by U S.
National Institute of Standards and Technol ogy. The
back- pressure regul ator was set to control the reactor
pressure at 220 bar. The heaters were set to contro
the m xing piece at 3800C and the reactor at 374 OC.
Each of the reactants was punped separately to the
m xi ng piece. Methylpyridine was fed at a
concentration of 0.50% ww to the reactor, oxygen was
fed at slightly greater than the stoichionmetric rates
required for the oxidation of 3-nmethylpyridine to
ni cotinic acid andcatal yst solution was fed to the
m Xi ng piece to generate a concentration of 1640 ppm
Br in the reactor. After reaching stable set-point
condi tions sanples were collected over a 15 mnute
i nterval and subsequently anal ysed. This experi nent
was run for 1.5 hours. The results show good
selectivity for nicotinic acid (around 95% at a
conversion of about 30% Sone 3-pyridine
car boxal dehyde was detected with a yield of 1-2 %
Unreacted precursor is stable in the reaction nmedi um
and is recovered at the end of the reaction. CLAI M5 1.
A process for the production of a heteroaromatic
carboxylic acid conprising contacting in the presence
of a catalyst, a precursor of said carboxylic acid
wi th an oxidant, such contact being effected with said
precursor and the oxidant in an aqueous sol vent

18



conprising water under supercritical conditions or

near supercritical conditions close to the
waop@enerssti cal point. 2. A process accordi ng teCCUS200%/032392

wherein said contact is effected within a continuous
cLhh@y reactor. 3. A process according to Caim2
—wherein the contacting of precursor occurs in a

reaction zone wherein the residence tine is |less than

0

 cupbrinEEs o PROFERR. B 3T hotbBtohc Byl B Rolprisng
congasting jr thel mcsemcq: of arraatdym qprdeursor ©6 baxd pzohoxﬂu: ang vmhan oxidant,
suc ec%ﬁ l:togelr(ljé efét{’d’ itk Sdid r%?trrgor N%d dtge ox1 A 1]1'1 2\1/1\'1h gqueous solvent

&t ér oaronati ¢ carb I'C acl

comprtsmgg’&meramdheuumrngwhbﬂmdman@matdanswenmmm dond@ioné\close to the
SuEmlgczﬁsolmccordlng to claim1l wherein the

PREt'eF 0B Omat i ¢ carboxylic acid conprises a 6-nmenbered

ring. 7. A process according to claim1l wherein the

2 S PR RS BLORR o pfief B B el M dpminuons

floedaetooar omat i ¢ carboxylic acid is nicotinic acid. 9. A
process according to claiml1 wherein the precursor for
the heteroaromatic carboxylic acid is an

3. al kA(ln’mUekdjhd’dSrdmlgOt.o @laii QCRBéeiA QRO kehtiGing Of Prétufbor occurs in a
ereln recu sor .for thgpheteroaronatlc

rea%b?r“ﬁB’)‘(‘i/‘P’ eée‘ﬁ cqeyienes Hag Myaspirn dinmpmutes

4. A process according to Claim 3 wherein substantially all of the heteroaromatic

carboxylic acid produced is maintained in solution during the reaction.

S. A process according to claim 1 wherein the heteroaromatic carboxylic acid is a

nitrogen-containing heteroaromatic compound.

6. A process according to claim 1 wherein the heteroaromatic carboxylic acid comprises

a 6-membered ring.

7. A process according to claim 1 wherein the heteroaromatic carboxylic acid comprises
a pyridine ring.
8. A process according to claim 1 wherein the heteroaromatic carboxylic acid is

nicotinic acid.

9. A process according to claim 1 wherein the precursor for the heteroaromatic

carboxylic acid is an alkylpyridine.

10. A process according to claim 1 wherein the precursor for the heteroaromatic

carboxylic acid is 3-methylpyridine.
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