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ACI DS (S (57)pmcr@cterdam‘rplﬂmﬂecb ik S f ot ﬁmm$m saphmpddc acids or

their esters Qe;?@t@% yféé;da{ﬂéquﬂkge hasecan)%:sdatt ) on Plrs?t Cn%a{cetslpooz{]dzlonge
: at elevated pressure wherein the temperature and the
uptake of. oxygen are controlled and any terephthalic
20 acid Wthh forms remains in solution, and then feeding
- the resulting reaction medium to a second reaction zone

to complete the oxidation reaction.

Practlcally all terephthalic acid is produced on a
commer01al scale by catalytlc liquid phase air
25 oxidation of paraxylene. Commercial processes use
acstlc ac1d as a solvent‘snd a multivalent heavy metal
- or metals as catalyst‘ 'Cobalt and manganese'axe the
most W1dely used heavy metal catalysts, and bromine is.

used as a renewable source of free radlcals in the
30 process -

Acetic acid, air (molecular oxygen), paraxylene
and catalyst are fed continuously into an oxidation
reactor that is maintained at from 175°C to 225°C and

' IOOOHBOOQ kPa (i.e., 10-30 atm). The feed acetic




precursor in a suitable solvent conprising. feeding the reactants to a
first oxidation reaction zone at high pressure and high soI w@rmayz@w o,

wher ei n “Pb%@ué% goxygen is limted to | ess than 50 % of 3{}8@%’?9@9

required conversion of the precursor to its cone-
carboxylic acid, and then feeding the resulting reaction nedi.umto a second
2005 WD 02/055468 PCT/USA /20109 TITLE

oxi dation rea Qne.
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~ APPLI CATI ON 51iFhiasidegspliirc atricomtel dinmeeddes hestefide eft ddchionkplicati on No.
09/ 481, 811 fil, fyar 0Q0., ;& pl ion No. 09/757,458 .
filed 10 Januaf% u]2%):01 o%fh%c%grlelnﬁofvﬁe ?g thgi%ﬁGE@ﬁﬁﬁ YEETRHES NVENTI ON

10 the presenFeFﬁ\P@ﬁtfiaéﬁcr éicatles tco mem imipreovied magriore s fordgarioriicieng

carboxyl i ¢s achgs poodely, kel 8o BOICA! Aokl d | Ovhd RhASE X dat' on of a

0

correspondi ng gursaqr in a suitable solvent. Mre par t he

present i nventrfagﬁ &Mk S FEFPGPEIM B Cocadyl hertt He rsmeaes o @Mlmmy phase

oxi dati on of phEaleﬂee;l’ie: taeldprs@dweeltt @I RiRAl G .ache MGH LY dﬁf‘gs
sequenti al gg of, sf %%dldg% p actants to a first reaction zone
el evated pr essu Twhér §PHOEHES Pdte dnFhensongprard cofl Soxygen ar e

control | ed andefdpxeer éphtthal rea2@oagi chinthi Glnfeo R degIFRIRS Heairpl ution,
and then fteedh Nanak A SSULERDgC casLLA, M UD Lo-a second reation zone
PRCERFESATRR i ' ¢Wid i s

~to conplete the_oxidation reaction. Practically
produced on aC¢Bimeiciatescare Byrastalbpti mollel qﬂil Qaprlaas@emer 25 oxidation -

of paraxyleneregaﬂﬁabclabh9r9€§§§8§c%5%1m%C§%'%y%% 359h¥ﬁﬂ; and a
mul tival ent heav¥ ggt al s as catal rranganese are
u

the nost widePy Hrﬁeaaﬁpﬁﬁﬁépgcgpaft\ﬁ@t BrogRdshr oﬁ’ﬁﬁénldé-n%%?d as a
renewabl e soumxedat1bneeeaadbﬁab§elrathhg 20npReieass. cAgetic acid, air
(ol ecul 3fs OXyBERL.aRAEEYYEE0G1, 800 CALELYS 308 L8Y SOl ously into an
significant degradation of the solvent and precursor
can occur, which, in turn, can increase .the cost of

operating the process.

The effluent, i.e., reection'product, from the
20 oxidation reactor is a slurry of crude terephthalic
' acid (TA) crystals which are recovered from theeslurry
by filtration, washed, dried and conveyed td storage.
They are thereafter fed to a separate purificatioh step B
o or directlyrto a polymerization process. The main
25 impurity in the crude TA is 4—carboxybenzaldehyde
{4-CBA), which is iﬁcompletely oxidized paraxyiene,
although p- tolualdehyde and p-toluic acid can also be
present along with unde51rable color formers. By —-
conductlng the ox1dat10n reactlon accordlng to the’
© 30 ‘invention as descrlbed in greater detall below, it is
 possible to substantially reduce the formation of
impurities in the final TA product and effectively

. control solvent and. precursor degradation.



reactor that is maintained at from 1750C to 2250C and, 1000-3000 kPa
(i.e., 10-30 atn). The feed acetic 16 May 2005 WD 02/ 05468 BG4 5 20109
acid-.paraxylene ratio is typically less than 5:1. Air is added in anounts
in excess of the stoichionetric requirenents for full conversion of the
par axyl-ene to terephthalic acid, to mnimze formati on of undesirable 5
by-products, such as color formers. The oxidation reaction is exothermc,
and heat is renoved by al| cWWMMARY [F JitR [INVENTIONo| vent to vaporize. The
correspondi ng vapor is condensed and nost of the condensate is refluxed to
the reactor, with sone condensate being 10 withdrawn to control reactor
wat er concent r at fonfliesect, throreet pFerippervidarerdes freptoreins mattexyif aggar axy| ene
reacted). Thg:ge ce,t typheall n nut e to 2 ours, dependi ng
on the. pr oceas - Eeoend b an™ ok-dat O HeBnEBF S5oNatIAg Sondi 11 one. o .
15 tenperaiLﬁ%?r%%EQPQSPgcBﬁ@@ﬁFﬁatl@n an601esndeﬁeéettﬂé frsmgnmflcant

degradatlOnaﬁlﬁﬁﬁt§@|&@Bbo§9@19r§€H&59£ a0§8n9§§9£h %ﬂbcgrgaﬂlkurn can
i ncrease, the cost_of pr.ocess fl uent e., reaction -

ratin
product, frohtthe S%hdoﬁgﬁgFPBngPEAEPB%lel%C%PﬁFF9 UﬁtéFud@hﬂéhephthallc
acid (TA) croystatssehtch are recovered fromthe slurry by filtration,

washed, dried and co eye ora They are thereafter fed to a
separate purlflcatlog¥ste% éﬁlg%léeg??d to %@Bo??%%?%ﬁé??oﬁo Y6BEss. The

mai n 25 i np@d yxhdahiorradbaTpastsal- @Er@b&y@é@dapdehydEe 64- EBA), which

i's inconpl etidysoxdlhzed; pasgxybgne, al though p-tol ual dehyde and p-toluic
acid can al so be present along W th undesirable color forners. By -

- conducting the oxidatflon TRt EPSEE AT i ol tHee @30S InvEaedbngas

descri bed Imlgraaiserfé@cﬁattr@&hpwizﬂséﬁd @pééwé@rtgﬁul?ggaat' ally reduce
the formatiaqn of, nPurltles i nal roduct and effectively

th
control sol ve éﬁdjprec%?%%réﬁe rgﬂﬁf?oﬁeaCtlon zone to form a

reaqtlon medium in which the solvent:precursor ratio is
in the range of from at least 10:1;

(¢) limiting the uptake of oxygén within the
reaction medium in said first reaction zone to a value
which is less than 50% of the oxygen required.for full
conversion of said precursor to its coxrespondlng
carboxyllc acid or its ester; and .

{d} feeding the reaction medium to a second
reaction zone while simultanéously reducing the
Pressure of the reaction medlum to a value in the range
of from 1,200 kPa to 2,000 kPa.



16 May 2005 SUWMNARY OF THE INVENTION In a first aspect, the present

i nvention provides a process for producing a carboxylic aC|q6qw3 bdgs ester

by catalytic Iiquid phase oxidation of a corresponding precursor In a

sol vent selected froman aliphatic carboxylic acid or a non-aliphatic

organic acid, said solvent optionally including water, which conprises:

(a) formng a feed stream conprising solvent and oxidation catalyst at an

el evated pressure of at |east about 2,000 kPa; (b) continuously and

sinmul taneously feeding (1) the feed stream (2) said precursor and (3) a

supply of oxygen to a first reaction zone to forma reaction nediumin

whi ch the sol vent:precursor ratiois in the range of fromat |east 10:1;

(c) limting the %ﬁF%ﬁ%m%Wtéﬁyﬁﬁﬁ“mﬁﬁhnmmwﬁeapwee&@nmwﬁwm&h%Mw&hcgahm first

reaction zonqﬂdné%ﬁéﬂlg? MO 1% 1188Ry il éﬁéﬁéﬁcéiEiéﬁv N, required for
|

full conversion of sa precursor to its o respondi ng car oxyllc acid or
its ester: af@®TED HBEHiN RIFEIESLR itdh anediioinnto w8 lasdtordl Trahct on zone

\muesumnwm@mmﬂmMmm@mma@@ﬁm@ﬁ&ﬂﬂg geactd drg@gdidmto a

value in the rg af , fr qm 1 200 kPa 2 .00 3 16 May 2005 In a
second aspect, esﬁrléjsesn iAWt |tc}r? qémg%é%as L4%r "Brisduci ng a

car boxylic a@qwnﬂlsaSs ester by catalytlc i qui d phase OX|dat|on of a
correspondi ng precursor in a solvent selected froman aliphatic carboxylic

acid or a non-aliphat{ia¢ . orfgamieg acwéedsat&eaml%@@@gmyyﬂyuﬂgrﬁén@clud|ng
wat er, which 0 (a rm.ng.a feed stream co r|5|n | vent. and
oxi dat i on cataﬁbg¥g§%ﬁ§ﬁnbf%§: &8 ords & §45Y 3 éF] €, 000 up

to 20, 000 kP&angl) cdxygematd, i Ot W@ ftee @ Os t00akPa ;

{b) oxygenating the feed stream;

(c) continuously and 51multaneously feeding
(1) the oxygenated feed stream and {2) said precursorrl
to a first reaction zone to form a_reaétion medium in
which the solvent:precursor ratio is in the range of
from 10-30:1 and reaction products are maintained in
solution as they are formed; _

(d) limiting the uptake of oxygen within the
reaction medium in said first reaction zone to a value
which is less than 50% of the oxygen required for full
conversion of said precursor to its corresponding
‘carboxylic acid ox ité ester; and

{e) feeding the reaction medium to .a second
Leactlon zone while 51multaneously reduc1ng the
pressure of the reaction medium to a value in the range
of from 1,200 kPa to 2,000 kPa. |

3a



(c) continuously and sinmultaneously feeding (1) the oxygenated feed stream
and (2) said precursor .to a first reaction zone to form a rgagiy sspgredi um
in which the solvent:precursor ratio is in the range of from 10-30:1 and
reaction products are maintained in solution as they are fornmed; (d)
limting the uptake of oxygen within the reaction nediumin said first
reaction zone to a value which is less than 50% of.the oxygen required for
full conversion of said precursor to its corresponding carboxylic acid or
its ester; and (e) feeding the reaction nediumto a second reaction zone
whi l e sinultaneously reducing the pressure of the reaction nmediumto a

val ue in the range thiQfspbdi WP plesAPRvkRA ppﬁid%1a%%esggacata%c ﬁcﬁlidl\@lyse &?&ﬁom In a

third aspect, the present invention provides a process for catalytic liquid
phase oxi dat i°¢n PG SFIHSAA die & 1Fod veity @mmpesminids e tHeetaicd dawhd chhi ch
conprises: (abnbelierg a feed stream conprising solvent and oxidation
catal yst .at an eIevateﬁ pressure in _the range of from2,000 up to 20, 000
kPa; (b) oxygenating ‘Bfe FO&HI&Er BakfeCcy tresnt cRIPELIS) nandodvRDEL aneousl y
feeding (1) ahke oadyigenatedfreadsst keammard <) it Raaxykanenst 0 a first
plug-flow re I.an o.forma reactio iumin which the acetic
acid:pa-raxy?ghg%r§??§§F%1Fﬁ%oghgpr%ﬁg%gdgoprgﬁﬁio-25:1 and reaction
products are nmaintailhed Pryvgehationg abet lepdasérbarped; (d) limiting the

upt ake of oxygen w thi.n the,+seget,Loy aedi iR.said fhest reaction zone to
a value which is Iess)thann56&yok.tge ogyggﬁh%éggFggél&b%? g 9 conversion

of said paratylehBet Gx8cBgkERaficedasitasae pride ddi) ngatide peeastilenemedi um t o

a second reaoct hOH1Z@NE PMIg-E 19hMeb@ReouS | ke QUCiRG ! Re r.ALeSSHr e of the

reaction nediutho a_value_ in._ the ran%e .
meaium in which the acetit acid:paraxylene ratio is in

the range of from 10-25:1 and reaction products are
maintained in solution as they are formed;

(d) limiting the uptake of oxygen within the
reaction medium in said first reaction zone to a value
which is less than 50% of the oxygen required for full
conversion of said paraxylene to terephthalic acid;

| (e} rféeding the reaction'medium to-a second
reaction zone while simaltaneously reducing the
pres§ure of the reéction medium to a value in the range
of from 1,200 kPa to 2,000 kPa whereby a portion of the
solvent present in the reaction medium is vaporized;
and '

(£) continuously removing and condensing the
vapor from the reactor overhead and recyﬁling some Or
all of the condensate to the feed stream while
recovering the resulting terephthalic acid from the
second reaction zone. |

3b



of from1,200 kPa to 2,000 kPa.whereby a portion of the solvent present in
the reaction nediumis vaporized; and (f) continuously renoygimgy 2005
condensing the vapor fromthe reactor overhead and recycling sonme or al
of the condensate to the feed streamwhile recovering the resulting
terephthalic acid fromthe second reaction zone. 3b 16 May 2005 The
present invention is an inproved process for catalytic |iquid phase

oxi dation of paraxylene.to produce terephthalic acid which conprises
sequential 5 steps of feeding the reactants, including a suitable solvent,
to a first reacti Hez@ﬁesﬁﬂteﬂevenedomreesme1mpraued1gﬂhtdsﬁnﬁ&@Iure and

the uptake ota@xygencangqugan hgggeg 4 ht hal.ic a d whi ch forns
remai ns in sglution, dqth b X %hgﬂgééu |ngafglegbct on nediumto a

second” oxi dat'f 8ﬂuF8a5?ﬁ8ﬁh¥8ﬁélc ?ﬁéde@é@§SC©@anﬁ§@sSe@a¥ﬂﬁnﬁﬂ]ng a feed

st ream conpr bsepg sdlfeeﬁlngndheXtdaEtgﬂt%at%hxﬁhdﬁhgaapkﬁﬁ%%&ﬂé n the
range of frgglgénkeaEt ab%u , 000 kPa up 10, 000 “or hi gher; (b).

conti nuousl y~and st fulfafedtsFy FERGEAG @PPetﬁé reyadEe RHeSAre
par axyl ene avdefrg8iratbgppkypreftatoxyggendt @ha hpte&ere&cbm@@eaoaﬁx;o forma

reaction negbgg}bmlgﬁlggdt S a axylen SS tiois in the
range of from 10-25: 1; Qﬁy 9L¥8E£tﬁ % SFégengﬁc 3@£Wﬁmthln the
.reaction netfhAiRA, %HeSPFPE%OFeaéﬂﬁoﬁhzonéeedlagvaheerewhdchn@s | ess t han

50% of the oxygedienuieaduhotof 8l becEARY X eto
terephthaI| Cld and (dggfegdlnge?he rgg%??gﬁgkegggﬁPQO%a%sg%ond 25

reaction zone %%ﬁ*%c%?ﬁuF RELTSPyY reducing the pressure of the reaction
mediumto a value in the range of from1,200 kPa to 2,000 k-Pa. The '
resul ting terephthal {% AmeFﬂﬂdﬁib% f%%@v@te@am comprising solvent

and oxidatiocn catalyst at a pressure in the range of

from at least about 2,000 kPa up to 10,000 or highex;

15 : {(b) continuously and simultaneously feeding
(1} the feed stream, (2) paraxylene and (3) a supply of"
oXygen to a first reaction zone to form a reaction

medium in which the_solvent:paraxylene mass ratio is inr
- the range'of from 10-25:1;

20 ' {c) llmltlng the uptake of oxygen W1th1n the
'freactlon medi um in the first reaction zone to a value -
_whlch 1s less than 50% of the oxygen requlred for fuli
conver51on of ‘the paraxylene to terephthalic acid; and

{d) feedlng the reaction medium to a second
;25 reactlon Zone while SLmultaneously redu01ng the .

~-pPressure of the reaction medlum to a value 1n the range
ﬂof from 1, 200 ¥Pa to 2,000 kPa

The resultlng terephthallc ac1d can, be recovered
from the reactlon medlum ex1t1ng the second reaction
ﬂego"zone by any convenlent means

While. the 1nventlon is descrlbed hereln in terms
- of an 1mproved oxidation system for convertlng

-paraxylene to terephthallc acid, it will be recognized

3c



fromthe reaction mediumexiting the second reaction 30 zone by any

conveni ent neans. VWihile.the invention is descri bed herein | mﬁﬁﬁﬁmSOf an
I

inproved8§§|dat|on system for converting paraxylene to tere c acid,
it wll

invention is applicable to producing a range of carboxylic_acids or their
esters, and p, cul arl thalic acids or.their esters--, by catalytic

l'i quid phaséé%é#d§%|onxg?gglegr?855833?ﬁ3£ﬁ?eE8rQBPdPﬁlQQSa é??ﬁﬁle

sol vent. The dhvemthonytiesi desdsnorhehetisesvery, t a8 phetrgcoaversion of the
precursor to r ding 0X acjd cap_be, sub tantlally
i nproved by 3%%?@?%géoﬁépgﬁengtgg%?ongtggét|% %ngggytfea f W HE st ages, or
zones, whi ch Rivagf i eeidapien)of ornfagrasperdingrpanrcooapri sing sol vent and
oxi dat i on scatabysdb B @@wéﬁyat eﬁh@f@ﬁ%ﬁ@leﬁ 9és£8ﬁ§t gHHt 2,000 kPa,
and t hen. cont nuousl n16 simul t aneously feedin strean1 t he

pr ecur sor tht

to forma reamﬁrr&spmmﬂim@l@aﬁbbﬁplibeac§@|&@ﬂtb@r§ﬁbéﬁgﬁtﬂﬁ§§ ratio is
in the e of from 10-25 1 al%’hou h t he

also relatively r

preferred rat| #kﬁgééb Car%%ﬂn%pg?gbﬁggtQXf§a£?BH1rﬁﬁcﬁéoﬁ 13ngt 20 (2)
feeding the rlestt crworesliapes$r onrt henésy sthickactipnizene to a second
reaction zone, where the oxidation reaction runs to conpletion. Inaddition
t o mai nt dPni ng t he(kpol vfmtmm@cmrs@éd srﬁﬁéama&b@p,a§sﬂﬁ§<35bbeénttBﬁdUDt ake

imte | ue which is |ess

f
?hagxggggo;nfﬁgﬁgﬁgﬁé%r$%%%| e% ¥ rggzg}éi% %%rgfﬁﬁsBFe ? e?bre€8F5or to

its correspordiiy cirHkykFz, azhd ohenestetinwbishycandhave, one, two, threer

or nmore aci d s iGfishe ARPENAEOG: Oy t e PESCHT SOF 2P YERD HRLAKE LD

and a supply of oxygen to a high pressure first

15 reaction zone to form a reaction medium in which the
solvent:precursor mass ratio is alsoc relatively hign,
_i.e.,.in the range of from 10-25:1, although the
preferred ratio for economy and operability is froﬁ
10-20:1; and

20. (2) feeding the reaction medium from'therfirst
‘reaction zone to a second reaction zone, where the

oxidation reaction runs to completion.

In addition to maintaining the'éolvent:precursor'
mass ratio as described, the uptake of‘oxyoen in the
25 .first'reaction_ione is limited to a value which is less
than 50% of the oxygen required for fnll conversion of
the precursor to. its corresponding carboxylic acid or -
ester, which can have one, two, three orx more acid
- groups, dependlng on the precursor Oxygen uptake in
730' the first reaction zone is controlled by one or more of
S _the following methods. (i) malntalnlng oxygen supply
{i.e., oxygen concentration) within a predetermined
range; (ii) malntalnlng catalyst concentration wrthln a
predetermlned range; {(iii) limiting the residence time
35 r(deflned as the reactor liguid volume divided by the

PEESYR zed 3c 16 May 2005 WD 02/ OSS468 PCT/ USBETABY#nat t he -

o?@%eﬁo?ﬁeésﬁP@hoﬁrE%@uPéeFPF§Pr15°réﬁét|on zone




- 30 the first reaction zone is controlled by one or nore of the follow ng
met hods: (i) maintaining oxygen supply (i.e., oxygen concenghaiysjas W thin
a predeternlned range; (ii) maintaining catalyst concentration"wthin a
predet er WRIYTM#ye: "(iii) limting the residence time 35PEHEFIREY%as the
reactor liquid volume divided by the 4 16 May 2005 WO 02/.Q-SS468

PCT/TJSC1/20109 r%act%r f.eed rgtg}t ]thig tEe first reaction zone to |ess
than about 6 mrAutes, THGE pPEF 5I$3Pe§ °t hahsSk TREAGE-Y; 28R8 €Pv)
optionally re&easnghheaabbumnﬁtménutea¢tbﬁﬂ pﬁeeetabmglméasnthhﬁ 4

tenperature Oleﬂﬁe? rgg&tlggﬁngg%gnggil r ég%gpg f|r 56? %IOH zone at

a value which is bel6w abo t afneous |Ie t he
_reaction nmedi GARRCEdORhEosecbrdmpéatndn the pempsuptuck tlfie theacti on medi um

"i's reducedstoraz¥akug medah% Lange 9§1£Eoﬁhe1f§9$tkﬁéa591§ ﬁ nkPgy The
carboxylic acid m@ys results can be recovere romthe fina reactlon
[

medi um whi ch%i & ¥REF) AssPatpPy sPouki @18Ygstals, by conventi onal
met hods. According to a preferred enbodi ment of the 15 invention, oxygen is
di ssol ved direct| ySiRudterecneéy whileafeedimoi shagreskbvénn andioxi dati on

catal yst, andtot hBeOx¥genat edaf-esd %hée§9é5§u£968ff@HeCQEEb@HBHS'y and
si mul t aneous lé mﬁth t he grecursor into the first oxidation reaction zone,

which is a pl UG Bw Felt P6R926°z8n&alrembai b8l §2Ug6nCEntEPPng the first
reacti on 1&ong,2he hPecunsar p06. gPa. paTngy&Qﬁgoxyilbh@&@ughhychnlxed W th

t he oxygenate n o.Lnitiate_t rea B controlllng t he oxygen
suppl v, catal%s%eiggn%%htPatlSﬁovFéggdgﬁ FPﬁEE?Ha nGfBF *t8hRper at ure of 25
the first readefibwnzonbicht ifstppssable &ostontyobf atid. rriystils, t he

upt ake of oxygﬁncgﬁgghglgggl E%bﬁﬁ mediumto a value which is less than
50% of the oxygen required for conversion of the precursor to its

According to a preferred embodiment of the
15 invention, oxygen is dissolved directly into the feed
stream comprising solvent and oxidation catalyst, and
the oxygenated feed stream is then fed continuously and
Simultaneously with thé_p:ecursorrinto the fiist
oxidation reaction zone, which is a plug flow reaction
20 zone. Immediately upon entering the‘fiﬁst reaction
zone the precursor,~e;g.f paraxylene, is thotoughly
mixed with the oxygenated solvent to initiate the
reaction. By controlling the oxygen supply, catalyst
concentration, residence time in and/o¥ temperature of
25 the first reaction zone, it.is possible to control,
i.e., limit, the uptake of oxygen within the reaction
- medium to a value which is less than 50% of the oxygen
required for Full conversion of the precursor to its '
. corresponding carboxylic acid. The reaction medium is
30 then fed to a second, more conventlonal ':eactor as
described above.

" The process of the 1nventlon is partlcularly
appllcable to produc1ng terephthallc acid by catalytic
liguid phase oxidation of paraxylene in a solvent |

'35 'comprlslng acetlc acid. and water. '



correspondi ng carboxylic acid. The reaction nmediumis 30 then fed to a
second, nore conventional, reactor as described above. The jgngaessmsof the
i nventi icularly applicable to producing terep $§%
catalyt?@mﬁﬁmpﬁf% phase oxidation of paraxylene in a solg; ?@a@@hpr|3|ng
acetic acid and water. 5 16 May 2005 - ------- - -- WD .02/.055468

PCTI USO /20109 BRI EF ETAE% . GS.Fi is asinplified
schemati ¢ di agram of t e ; s di ng to one

enbodi nent. Fig. |s a SI ifi d schenatlc dlagran1of the 5 process of
the invention accoi ﬁFéFgf% eHfsdiaet . dFgram ¢ e
sinplifiedscpmmméss(bfﬁﬁﬂﬁnxﬁv@ﬁtldﬂtgﬁd&ﬁdiﬁﬁtﬂbtémbFﬁﬁh&ﬂﬁméhﬁgraﬁlShOWﬂ
in Fig. 2 wherein a back-mxed reactor is illustrated. 10 DETAI LED

DESCRI PTI OR OF THEdd$ﬁﬂﬂHéJh'BﬁmﬁIﬂ¥%E& ddneEaidd o desidge o the d'SCOVefy
that it IS possi bl e é%€%§5§ arr |n out liquid phase catalytic¢c oxidation of

par axyl ene i ﬁ)rtoﬁg &ﬁcccoa‘%ﬁld‘%oﬁ%&tp”ﬁ%e%‘fef%ctl vely stage .
t he OX|dat|onmb5deHnUDn on a connerC|aI scale into a first high pressure
reaction zone followed by a second, nore conventional, reaction zone and

thereby substanti aily. 3 rﬁpgca/%lmpg_qqg_seqefgd}@neﬂgyc a&%d@gé}g% Huality. The
first reactloEgzone of t process is 20 characterized by_a relatlvely hi gh

sol vent : pr ecAr&&6F P HussE F?ﬁ B HFE Fa e Biam v o: ﬁ?gor even hi gher
as descri bedwherfeuint herba]lﬂi—mﬂxeaictz@radjtl?tg: tiGs Qe neihockdent bel ow, and a
relatively high pressure, e.g., 1in the range of fromat |east 2,000 kPa up

to 25 10i000 kPa or empmmrnﬂsldf@t@qrxcﬁ@lo&enﬁﬂmrmw@@fm mass rati 0s, nay
- be used, for exanple up to 3071 or - ‘

The present invention resides in the discovery

that it is p0551ble, when carrying out liguid phase
catalytic oxidation of paraxylene in the presence of an
acetic acid solvent, to éffectively stége the oxidation
15 reaction on a commercial scale into a first high
' pressure reactlon zone followed by a second, more
conventlonal reactlon zone and thereby substantlally

1mprove process efficiency and product quality.

“The first reaction zone of the process is
20 -characterized'by a relatively high-Solvont:precﬁrsor
mass ratio in the range of from 10-25:1, or evern higher
as described in further detail according to one
'embodiment beloﬁ, and a relatively high préssuré, e.g.,
in the range of from at least 2,000 kPa up to

25 © 10,000 kPa or even higher. Higher solvent:precursor

mass ratios may be used, for example, up to 30:1 or
even higher, but best results for the_overall process,
"when'paraxylene is fed to the proceés exclusivély
':through or via the first reaction zone, have been
30 observed when the solvent: precursor mass ratio in the
' _flrst reactlon zone is in the range of from 10-20:1.
The first reactlon zone is optlonally cooled to control
the temperature of the reactlon medium as it ex1ts the
first reaction zone at a value which is below about



even hi gher, but best results for the overall process, when paraxylene is
fed to the process exclusively through or via the first rqutmmmne,
have been §0 %b§erved when the solvent:precursor mass ratio in the first
reaction 20M&%¥% n the range of from 10-20:1. The fi rst PEEEEIYIRYz0ne i s
optionally cooled to control the tenperature of the reactign nmediumas it
exits the first reaction zone at a value which is bel ow about 16 May 2005
WO 02/ 0, 55468 2PET¥ USCFP2BIMY 9f Ot eP Tt er , ofa bakify atenesn o bl gt

concentrati onreateaet @esigshdeneenk Mnd2pd/ AL i ABRLIL 81T Rdet BEyQXH¥IEN
supply to the‘firit rea %jo&.zone wthin a gredeternined range nmakes it
possi bl e to cSHVE Veﬁ?l& § APt CRECGHPRKECBE BXYBER i thin the reaction

‘medium to a pakdetwhindheidsrbege hhRBs5Q% pbstheiexygesonrequenedyfor ful
conver si ong of ythe . pakax t ephthaljc_agid. Tenperature.control can
be establishe&,gggr%%% ﬁ%ﬁ%%ﬁe?fb§§%958iﬁ kgﬁniﬁb%rﬁﬁ?g268piﬂ§8&8Pl or -
~other coolin§cdeviveédugi whiipht he Lesst theacbPdnoZonke byygenpl oyi ng a

cool i ng j acketelaisutr ¢erd sl LEAGLOL; YeGEr ' hereaction
nediunlthrougheg ﬁeat exchanger Iocg%égﬁeg?eF%gl?gkg%%gg?%eg?eactor. 15

Catal yst cont F6FeRRRBdi6segbf i shed by, for exanpi'e, routing some of the
catalyst-containing nmother -liquor directly to the second reaction zone,
bypassing the firsempeietirsn goneroltces bei establishadoi foprecipitation

O solid 7A 2Qappte,apy gogking sHriAces LD LBB1LhgStot €aGL! gppagne.  TA
Limtin oxg en uptake, and™ TA precipitation is

formation is limted by ] L C
al'so prevent eG°By1hEi AEIEAPnGLERIR; GResEleht TpREELPROECRALI BYW thin the

reaction medenplogidgby sebethinNgad8ReBPPHOPhEAbENEOPhAN eh8EHr, 02D boi |i ng.
wat er) and cog avol ds_col d pts _fromfor 'Qgtat any

[ .th
| ocati on mﬁthlkl?%5Q§Z§§358ﬁ£hﬁeﬁ?ﬁﬁFlon meffum through a

exchanger located externally from the reactor.

15 Catalyst control can be established by; for
example, ;outing some of the catalyst-containing mother
liquor directly to the second reaction zone, bypassing
the first reaction zone. |

It is critical to avoid precipitation of soiid-TA -
20 onto any cooling surfaces in the first reaction zone.
' TA formation is limited by limiting oxygen uptake, and
TA.precipitation is also pievented by maintainihg a
high solvent:precursor ratio within the.reaction _
medium,.and by selecting an éppr0priate'coolant.(e;g;,r B
25 boiling water)'and cooling means that avoids cold spots '
from forming at any location within the reaction
medium.. ” o -

On exiting the first reaction zone, the preséure-
of the reaction medium is reduced simultaneously as it
30 is fed to a more conventional oxidatioen reactor. This-
reactor could typically be a stirred tank reactor or a
bubble column reactor, for example. . Preésure.reductidh
can be conveniently accomplished’by passing the
reaction medium through one or a.plurélity of pressure

35 letdown valves positioned about the periphery of the

7




di spersing pasr%%}?

On exiting the first reaction zone, the pressure of the reaction nmediumis
reduced simultaneously as it 30 is fed to a nore conventionghyf4dgagt i on

reactor. i s Jeactor could typically be a stirred tank reactor “or a
bubbl e cﬂ@hﬁo‘?g@ct or, for exanple. Pressure reduction caATEEH M Penient!y

acconpl i shed-by passing the reaction nmediumthrough one or..a plurality of

~pressure 35 | etdown val ves positioned about the Eeri phery of the 7 16 My:

2005 WD 02/ 053%BBCPCT/ B0/ Po10bt # chaver begesebresnpdswhadetheen obt ai ned
when the reatddor o sl bs ﬂé,S@%%@Qséapk%yayp%psﬂt entRgihhernaecond
|

reactor. Rapid dispersion can be achieved b usi ng, est abl i shed net hods for
(gn]ée%cg%ﬁt ai %‘Wg f‘é‘%ﬂEeFﬁXEBn'FI%IﬁtP‘SnﬁFhil@&EfioPg. In a

stirred tank usrg orstdloliskedphethobs stopulidspachune phpheolbng-t he
reaction rediymi  the t he. liguid line in close proximity
to the dischar g,eﬂé]#lg%%?aﬁégglgt%ogg’%l% {Léel??l Rﬁ%?ﬁgaﬁper;?oﬁ of the 10
reaction .rredift}-?ﬁlfz%md beamkhFeyetorn Bobubbimpiel ubhisreavldr ibglidpecting
the reaction Jipfidilhd ChoSFoadk L% MENLLR 11Eo kel EHSEoRPEILLNG NOW O
the drawings, Fig..,11s a sinplified schematic di agram of "t Re process of

. ] . ! Val :
“the 15 i nventiont Y8t dt H® t b7 ok eRREPHERL LY ABO nBhe| 8heahabece, t he

process will thenmleserapeeaos:iimpelpées tRaplihedpspdust bancef chaerephthalic
acid, alt] OUQPe' e. invention is licable tp the g}ggfucti n of a range of

t app
car boxyl i @ acids or ot HeT 7+ #8t %% }%‘Edaﬂ}i’&‘?\ﬁ‘?%sl? hRrRoPP1e6CThd™Pr ocess i s
carried out eddust Bprimiectideedche sterani dl wedpumsingcsokyent, i.e.,

acetic acid %xi%_&;,t@n&@xépptfggéggt alyst. |In practice the feed

streamw || conprisea mxture conprising (i) recycled solvent, recycled
not her | i quor and_Ig i reac]éor condensate fromthe

second reactor, Ilnegf%z,yf%cflxlﬁvi?ietféltﬁ‘%g%é CERFT act ¥ makdSud, |ine 13.
simplified schematic diagram of the process of the
15 invention according to one embodiment. As mentioned
above, the process will: be described as it relates to
the production of terephthalic écid, although the
inVentioh is applicable to the production of a range of

_Carboxylic acids or their esters and mixtures thereof.

S 20 The process is carried out by first forming a feed
stream 10 comprising solvent, i.e., acetic acid and
‘water, and oxidatidnﬁcatalyst. In practice the feed
stream will éomprise a mixture comp:ising'(i) recycled
solvent, recycled mother liquor and catalyst, line li}

25 (ii).:eaqtor condensate from the seconﬁ reéctor,
line 12, and (iii) fresh acetic acid make-up, line 13.
The mixed feed stream will contain typical catalyst
cemponents (e.g., Co, Mn, Br), at generally diluted
concentrations from what would.normally'befpresent when

30 USing,a}single conventional;oxidation'reabtor.[ ' |
OCptionally, but not'shan, control ‘of catélyst
concentration in the first reaction zone .can’be
-achieved by bypassing some of thé'catélyét—containing

mother liquor;'ling 11,7directly'to second reactoxr 20.




The nmixed feed streamw Il contain typical catalyst conponents (e.g., Co,
WMnh, Br), at generally diluted concentrations from what moquhE%r 5Iy be

. . . . . d
present when 30 using a single conventional oxidation reactor. dgplonally,

but not sWOMSH6htrol of catalyst .concentration in the PCTUBONAHS: i on

zone can be achieved by bypassing sone of the catal yst-containing nother

| i quor, line 11, dhrectLy to second reactor 20. 16 May 2005 WD 02/055468
PCUUS01/ 20109 The Thi&d#c&ed e s&med ridénerarryplidyéaget énperature in
t he range of fheowel3@0Ce dnlE@heCrabasedf Groinhe30eoPesat @ne ofbadag vari ous
conponent s whig¢h rm. f st m _However, the tenperature_of the
feed 5 streaﬁﬁigk%ogkckgﬁﬁggﬁ% ?ﬁ;%gFeggﬁ%guéfcPEB&“?PFéa iﬁLiEOngsed'
via a suitabltéepdmsdl 4tiream .valgeerkrat theasemaboaturbubf gheefakby in

excess of, 52, Q@QckRa,; sand+t he ifeedjstream is introduced continuously and
si mul taneouslyinto a 10 first stirred tank reactor 15 wth paraxylen.e, via

line.16, and a sou f n, via line 17. e.suppl. f _oxygen via li.ne
17 can be air, _ox&%gn%gﬁ%§§%§dbgiF%egxﬁgéﬁaﬁilgdl '?ﬁl¥ﬁ§rylaa , such as,
for exanple, CG&ibeRrlei Pxrgetdotoessanlinel by puréedStorpgen, When the source
of oxygen i nchudesanilr 99eRx0kss28et her ghpekbaCanhietdagehing gxLaNt of
cooling in thé first reaction zone and its opérating pressure are
preferably chdSeAPSGORYCRE: coRE1papYELyr a8enfimpltpBEOSASt ipgacki on zone

i's fuel -1ean, firet, stherkydresar Beac20rcoBt @RtnhobatAQyYaRR, L$abel ow the

Lower Expl osivye_ Lingit EL) .. Wien essentially pure,oXxygen is used as the
source of oxyégﬁ?‘?hé S%beﬁtSSPIESOP%nQKVﬁePheV Friﬁnerggction zone and its

operating pressure sre refrerably chosen such that there is no vapor phase
present in the 25 fRFsPUPBAYt PENCXYHED THEI dbhBEI ¥ Bae A6t adkewn in Fi g.

1, sone oxygebxggenbenphienedssokyedxgyeachli¥eclini@rheedertOgyka 3ulhXing
deVIce lOcategsgo%g§téﬁg%bgg,tggrkggddioxide; or eséentially pure
15 oxygen. When the source of oxygen includes nitrogen or
another inert carrier gas, the extent of cooling in the |
-_fifst reaction zone and its operating pressure are
preferably qhosen such that the vapor present in the _
first reaction zone is fuel-lean, i.e., the hydrocarbon
2Q content of the vapor is below;the Lower Explosive Limit
(LEL). When essentially pure oxygen is used'as the
source of oxygen, the extent of cooling in the first
reaction zone and its operating pressure are preferably
chosen such that there is no vapor phase present in the
25. first reaction zone. Optionally, but not shown in Fig.
1, some oxygen can be pre-dissolved diréctly into feed
10 via a mixing device located downstream of the feed

The paraxylene feed 16 may optionally‘be,preFmixed
30 with_acetic-acid'solvent and introduced.inté the system
 either upstream or downstream df feed pump-ld} _
OptiOnally,‘but not shown, a portion of paraxylene feed
© 16 may bypass reactor 15 and be fed direétly to second
reactor 20. The.réaction medium which results in the -
35 first reactor, without byp&séing any péraXYleﬁe to the



| PUMP The paraxyl ene feed 16 may optionally be pre-mxed 30 with acetic

acid solvent and introduced into the system either upst rearqr%?dgﬁghst ream
1350

of feed 4, tionally, but not shown, a portion of p=a feed
16 may b%ﬂﬂg%wg tor 15 and be fed directly to second rﬁ'gg{ The

reacti on nmedi um which results in the 35 first reactor, w thqout bypassing
any paraxyl ene tq t 9 .16 200 WO 02/ 055468 PCLUUSQ /20109 second

reacti on zone ef%né'ﬂ_eraecae%glco%?ilo :edaﬁja%fylaé'heacer § S B FINGEOf from
10-25: 1. Best Tadsud tin Have rdrepn absrared -015 thi s Badodiewritt seswéd he

acetic acid:m,%rqu()ghg@m;’gacssfcg tdy0 d 0 10-.2Q:.1. cases. where a

portion of the paraxyl en6 eef rﬁée%nhﬁ%r?gge%b@%ﬁ?ﬁ }Aé{ aac?]e}%ﬁ ne 31 in

Figs. 2 & 3, PEidamagadiane WA atie i siroeak@oiOahd is fed -directly

to second reactor 20, the resulting solvent:paraxylene nmass ratio in the

reacti on nmédi um i n 110 qared ivistira eagtartiwid lofadjhustparmavariena fesponse to

that portion qf & he pajaxyd e | Ch bypassgs the fif rdlys . ahd the
. My ch SSE%e e 4 %fgsu.p%tagé A )

resulting mass ratio may reach a value 1in the range of’ The
par axyl ene feddIanard 16 WHGAT the dilspdr ety dind uiporfsshtering the 15

first reactor dibeick16an HeasaRidhed o Using Aabh10fnd he establi shed
nmet hods for rapi.dl i spersi.n par axyl ene-cont ai ni ng feeds in conventi onal
reactors. | nsé)lért‘elatr:é’fpﬁad’% &E5S FRELR Ihdhe iFadteoremssHi R of t he
inventionl®l | tdter dtiadt nedator] witlli 22w ulthd el iuderdsfjcadd ng t he feed

in close proximty t the di sgcharge fram_an i tator_inpeller. t hough a
stirred tank ttglaatctt ro%tslos OO\%nSCﬁlr? ﬁ%&axfae&%é&%%m&ﬁﬁ%fait?ﬁi@laﬁ n .

react or confi geratioans amay tdles oesve tised meistsh redtiics gt arepatesultslu®5 The

process is carhl @deOWlarde (18 Y €3FNMGR .47 afn OYdalin tatalyst system
whi ch can be hgnogeneous or ‘
_ line” 16, should be dispersed rapidly upon entering the
15 first reactor. This can be accomplished by using any |
of the established methods for rapidly dispersing
paraXylene—containing feeds in conventional reactors.
In a stirred tank reactor 15, as shown in the
'émbodiment_of the invention illustréted in Fig. 1, this
20 would include injecting thé feéd'in close proximity to
the discharge from an;agitatq; impeller. _Although a
stirred_tank_reactor is'Shown in Fig. 1, other
conventional oxidation réa¢tor configurations may also

be used with satisfactory results.

25 - The process is carriedwout’in‘the pfesénce'of'an
oxidation catalyst system,-which can be'homogenéOUS”or_-
heterogeneoﬁs. A homogeneous catalyst is normally used
‘and is selected from one or more'heavy metal compounds,

‘ such as, for example, cobalt, manganese and/or

30 zirconium compounds. In addition, thé cétaiystrwill‘
normally also include an oxidation promoter such as
bromine. The catalyét,metals'an& dkidation prombﬁer
largely remain iﬁ so1utioh throughdut.thé process and

. are recovered'and :ecycléd, folloWing.product ﬁedovery,

S35 with'ffesh catalyst maké—up'as a soluﬁion.'

10
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het er ogeneous. A honpbgeneous catalyst is normally used and is selected

fromone or nore heavy netal conpounds, such as, for exanpl 2@6%

manganese and/or 30 zirconium conmpounds. In addition, the ca a N

nor mal | y WIOB/SHEP ude an oxi dation pronpter such as bronfﬁﬁﬂmﬂh%H%Etalyst

metal s and oxidation pronoter largely remain in solution throughout the

. process and are recovered and recycled, follow ng product recovery, 35
with fresh catalysﬂ*ﬁh%@fﬁpSigeaﬂsdbuthsnflr$® t6alvhyoR086neNO 02/ 6, 55468

PCT/u301/201091ﬁ5hq0fee%n%eaeeﬁk&glkﬁﬁn%kEaEtESBCEAQQlﬁgge Rhﬁgﬁelgs

cont ains typical oxi dation cat al but
diluted by a f&cfor &°ralBut BY) ft835 @éﬂ&??debVoatﬁeCEQFaDﬁs@bethéntratlon

in recycled 5tm06heeﬂaﬂmm@rtbrQﬁbp&@@ugys&eéeﬁééﬂtrétﬂ6n1in E@S¥c§@83|y5t

concent ratgon j. uently raised to nore conventional catafyst
concentrat#on %&% aﬁ%@ﬁ aﬁgoﬂsprggP9EnFeF§V9£§orF%%ﬂ ahd rERBved over head

in the secondCaﬁeé@§momon@aet2@t16he1&0Eabseqh@hy$y feiaka 40 gepeentration
inthe first ggach e pi e in.the range 150 to 1,000

ppm w w, wher €as th%qoégﬂafg%%hX%¥a S SSﬁgeﬁ%?SFl5ﬁv?%stﬂge§eﬁﬁﬂda?eactlon
zone will typSeaNERY il NﬁppﬁeZﬁénged5®embee6 006rppadd whwth¥heacdsidng a Co

and Mh-netal eahakysh sSyskenn. th@hQSth%? %ggf%¥§t faLs concentration in
the first _reaction, zone should preferably ntro ed at greater that

about 250 'ppntRPGEREFa5d68 ¢at AhgsEirss| searvioy apme acilii typigadly
oxi dat i on reamueomnlshblghhgeeX@UhEbHHPODO2§p££@¢ﬁd'ﬁﬂe@@aéh@thyge” upt ake
and sol vent ggkglg m%t out g ng t he reaction, the heat of
reaction coul d rai t fie ?eﬁpg?ﬁFﬁP rﬁFl?ﬂel?ng S¢eRd | BREFRHPEIM to a ‘
val ue hi gher £han WhélseEpmdaligatner1npehatrm@géeﬂ@@re¢uBﬁO@@d¢@m hlgher ‘
than 210" C Zﬁ/ﬁ reWﬁEhvﬁgyngog/&brgﬁdrﬁgcﬁg£afx ét fﬁ?er3§§%§ﬁjsthe
15 total catalyst metals concentration in the first

-reaction zone should preferably be controlled at

greeter that about 250 ppm w/w for good catalyst

selectivityland activity.

The oxidation reacrion is highly exothermic. 7
20  Depending on the oxygen uptake and solvent ratio and
~without a means of cooling the reaction, the heat of
reaction could raise the temperature of the first
- reaction medium to a value higher than the second
reactor operatlng temperature and/or higher than 210°C
25 A relatlvely low first reactor exit temperature is
de81rable to minimize solvent and precursor degredation
(i.e., burn) and to eliminate solvent flashlng as_the
pressure of the reaction medium is reduced on entry
1nto the second reaction zone The flrst 1eactlon zone
30 may therefore include a coollng coill 18 or employ some
‘other internal or external meens for remov1ng heat from =
the reactor (and reactien medium} to control the exit |
temperature of the reaction medium below 210°C, and
| preferably below the second reactor operating
35 temperature. It is important that the temperature of
' the coolant is about 120°C or higher to prevent cold

11



desirable to m nimze solvent and precursor degredation (i. e., burn) and .
to elimnate solvent flashing as the pressure of the reactignyaedhdgnis
reduced _on entr into the second reaction zone. The first reaction zone 30
may ther“é?B?’%‘"’i‘%cl ude a cooling coil 18 or enploy sone BERESOWHIW nal or
external nmeans for renoving heat from the reactor (and reagtion nedium to
control the exit tenperature of the reaction nedi um below 210'C, and
preferably bEPUW t HeCRcEPHIIRE R Br ropet hingiglssl ceapeeadure. It is

{ npor tant thateddiel teonesatir ecaéontiier cookald gagbout 120°C or higher to
prevent cold 16 May 2005 WO 02/05i 468 PCTI USO /20109 spots from formng

and resul ting in ywocatized,pregck pé&ﬁéjhgn?f’foéféﬁh{?&kh& 8¢l d (TA).

Mai nt ai ning the supply of oXygen to Irst”“reaction zone"within a
pr edet er mi neFFENGS! aFeRS EoRE I 2 i pEpddicc exined ehpegat and, cat al yst

concentrat i otoreiebIeshglence ¢kt infdeateact i o fpdigm nakes it possible
to limt _thec%%tjak% of . oxygen within the reaction nediumto a value which
is | ess than B0%" %a%%no%%eﬁe%%%ﬁ?%dt%? LI theokeersion BRILRE 10

‘par axyl ene tmakes ith.prsssHcteridh NDihio: tiiee | WMetd OB oRAGAXYWEBRIHS
converted i i r , 5 primarily. . to . TA.interpediates, ch as
p-t ol ual deh;tclgé, %%at%ﬁﬁ%%%%}u ailfélraadf- 1€ D the g%iﬁr%ﬁ%’a Sﬁﬁcess
condi tions, % thhefdecasyeregitrednper afutle comteotion 155t hieefirst react or
Wil ”OtIOPV%&%q%BhéO&é dral A e ee?r?ééxocf'iﬁﬂad&ém&}gé' 1hDgati Lt reactor 15
i.e.%, OxI .

is fed vialine to a second reactor, atron Zone, 20, which,
~as shown, cHPIFEUTHhVehtFIUNBLted ot i fivotis| 5eaete¥ elS t nnkmesagyor .

Si nul t aneousdey TA hien 2nps et £, Mudihesd actd QM IR YR | spredyged to a
value in thec.rfna%e Ol—cg@?m 200 %Pa té) 2,000 kPa. ‘As - descri bed above,:
pressure rediett % con ritly deRCoMRT SNERCBTS passi ng t he
reacti on nmediamditthrough voneh effective exit temperature control,

15 the first reactor will not produce any solid TA.

The reaction medium'exiting first reactor 15 is
fed via line 19 to a second reactor, i.e., oxidation
zone, 20, which, as shown, can be a éonventional,

.‘continuously stirred tank reactor. Simultaheously, the
‘20 pressure of the reaction medium is reduced to a value
in the range of from 1,200 kPa to 2,000 kPa. As -
described above, p:essure reduction can be con#eniently
accomplished by passing therréaction ﬁedium thrOugh one
©or a plurality of préssure letdoWn'valveS of-nozzles 21
.'2§ positioned about the periphery_of-ieactor 20 whereby
"the reaction medium is dispersed rapidly by injeétioﬁ
into an agitator impeller region below the liquid line
of the reactor. Process conditions_withih rééctor‘20,
i.e., temperature, pressure, catalyst concentréfion and
_30' residence'time, are“within COnventiongi fahges; '
although'oxygen ﬁptake iszrednced-for reduced 6xidation
intensity. ' D | o

Where the source of oxygen to the first‘reactor
includeslnitrogen or another inert carrier gas, spent

35  or excess air f;om_first‘reactor'15,gline~22,'is-mixed

12
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or a plurality of pressure | etdown valves or nozzles 21 25 positioned about
the periphery of reactor 20 whereby the reaction nediumis 4 @é&?
rapldly b |qbect|on into an agitator inpeller region belom1t I quid
li ne ‘¥98 LAtk or. Process conditions within r eact or ZUC”U&HQONE
tenperature, pressure catal yst concentration and, '30 residence tinme, are
W t hin conventi al t hough oxygen uptake is, reduced, for reduced
oxi dati on inWeﬁ i By r@%@réuPHeYsﬁgr%ero@r09§§§ﬁnféoﬁhélﬂi¥§tg?%actor
;nclu?es ni t rbgea Bzaan?hbetheneekuﬁaiﬁgemlxega§ee§pgﬂé sBPe@h ?%CGSS air
romfirst 1 Ln 005 WD 02/ 055468
PCT/USOl/201ogﬁ£g?ﬁU§éPre§ Bb?gy ?lﬁ??rﬁ?dO%QBEnt%%nfﬁ?ﬁrhﬁ“gas l'i ne
22a, and t he ®redihmi ag ﬁﬁxeddfeedcgas 20repnmang conteodacednamdsr api dly
dlSpEFSEdjlﬂgﬂ%QEHQEQQEh n ?g tug}lgxggggng%Eeggégrf%Q by any conveni ent
or

neans. 5 Alternative excess ailr r Irs react or 15 can be

fed directly ¥%a€5ﬂaehgep324besfeﬁo@nrevthydb@teqnﬁeneezzb4 & t hown

excl usivel y fypshdattear 110XY98H; CRNLR é‘k&gugﬁéei?g' Ag.frd ip second reactor
20. TAwill precipitate to forma sliurry within 10 reactor 20, and it can

be recovered T¥¥ FHEOPEQ&Po?g 955t RP1 N7 af 8 nEO 232 GePAgreBAVRRLE Bnal
met hods. Reactor overhead vapor fromreactor 20, which will necessarily
contain some acetitPavidlapgeabpibate steoheensadsinary cehtieimer 24, and

nost of tie cossensat 2o Sah@tUENesh B tefovef&GYELEH tibarbig, 12 for feed
stream nmake-u flrst ea %or 15. A ro ortion of the acetic acid and .-

wat er condens§¥%t%Trghﬁ1%sBe I%%P%%I%Q W of#d Pethefder tRRREOR
sol vent dehydreermeaeySEportﬁromnﬁeect&ﬁ 20AteRioh WERTtheSessPptinpal ly,

. but not shown,, ﬁtgg% Eogcgélérgbf g%fnsqéf?nay be_returned to reactor

20, to the reactor space, hget® “ANEFO7t 0'the reaction
zone, via a g@pﬁi@@@eﬁegﬁ,|¢m@ most of the condensate is returned,

15 i.e., recycled, via line 12 for feed stream make-up to
first reactor 15. A propoition of the acetic acid and
‘water condensate stream (so-called water draw off) is
diverted to a solvent dehydration system to remove the

 water of reaction. ~ Optionally, but not shown, a

20 portlon of the condensate may be returned to reactor

' '20, to the reactor headspace, via a reflux slinger,
,and/or to the reaction zone, via a separate feed line

or by mixing with the existing feed stream, line 19.

Fig. 2 is a simplified schematic diagram of a
25  preferred embodiment of the invention. The first
reaction zone, i.e., first reactor 30, according to
this embodiment is a plug flow reactor. The term “plug |
flow reactor” is used herein to define a generally
elongated, Or-tubular, ‘reaction zone in which rapid and
30 . thorough radlal mixing of the reactants occurs as they
- flow through the tube or condult The 1nvent10n,
however, is intended to embrace any reactor |
- configuration which approximates to.a plug flow

reaction zone.



or by m xing

with the existing feed stream line 19. Fig. 2 is a sinplified.

schematic diagramof a .25 pref erred embodi ment of the inv

first reacti

82
on zone, i.e., first reactor 30, according to eﬂﬁm #godlnent

is a plud' PP ¥eictor. The term plug flow reactor” is E§€65H€?E9% to

define a generally elongated or tubul ar, reaction zone in_which rapid and
30 t horough radial é%ﬁ%ﬁ?% t he reactants occurs as the¥_ fIOM/through t he
G &

tube or conduit.

H, 2PR3GevEr COPREChiRdEd tho TdAbr dee TERY

react or confbgmeamld@ \fsi ehmapptiofeadt esreamacphpgikliay reaction zone. 16

May 2005 WO
Fig. 1, feed

LG i o Dl o Ty AR

sol vent, recy€pégdliystheviki ddoe ahd (tab abpsbpdviraakine tondenispteecond
reactor condepsal gdned 14,2 ahing112) eggsslahgt&reap 18CRhwG -gp) d Jake- up.

via line 13.
in the first

Optiognal Iy, but hown, control cata yst éoncentratlon
+&88t itdn z@ﬁéléaﬁllﬁe Behi BeBdShyvby paesitaglsefe of the

cat al yst - conbataupgtn@bhebnkkaﬁebn LhHEhélflébEe%bEEtaenS%%ﬁ@dcé9 react or

20. The suppl

gaseous oxygenc

the range of

tonnaiﬁmh@ m@thaaomaqudepemdnaglmn Uheeteapetatuéeogﬁ t he

make- up s{J eapg,

found to be

of mi xed feedlioelé7ﬁa|9édE§@eatwale pnrehgasenge okygenl.east, but
excess of, 2,000 kPa by any suitable punping neans 14. The 20
pressure is chosenThe srigede fthdt sabbanf wihe ganeawd lyokygena i ntroduced

generally in

via line 172« thbbrOeuieagdhl ¥nedlanabves FRohNgshecd stigqu anead of first !

reactor 30 as

-1y

20

25

30

m xe ream wi ssol ved dxygen
depending on the temperature of the make-up streams. A

temperature in the range of about 140°C has been found

to be suitable for initiating the.oxidatidn-réactions.

The pressure of mixed feed 10 is raised to a value
in the range of at least, but generally in excess_of,

2,000 kPa by any suitable pumping means 14 ~ The

_pressure is chosen to ensure that all of the gaseous

oxygen, 1ntroduced v1a ‘line 17a, will be. readlly
dissolved in the feed stream ahead of first‘reactor 30
as shown. The mixed feed stream with dissolved oxygen
is then fed szmultaneously and. contlnuously into plug
flow reactor 30 with paraxylene being fed via llne 31,

and the reaction is initiated. The paraxylene may

‘optionally be pre-mixed with acetic acid solvent and

the mixture fed via line 31. Optionally, as described

above, a portion of paraxylene feed 31'may.bypass
reactor 30 and be fed directly to second reactor 20. In
cases where a portion of paraxylene feed 31 is fed

directly to second reactor 20, the resulting -

-solvent:paraxylene mass ratio in the reaction medium in

~the first reactor will adjust upwardly in reSponse-to

35

that portion of the paraxylene feed which bypasses the

first reactor, and resulting mass ratio may, therefore,

14

xyge hi s epbodi nent ine 17a |s essentlall ure
g égfgd %gpgﬁﬁéﬁﬁ1ﬁPPF SgnEPEIFﬁtﬁ&V tenperatﬁrg in

CRreaso2Per The Fafphl bhachiRaf: Po, TR edRe et Pressure
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“mixture Q%

paraxyl ene feed 3,1 may bypass 30 reactor 30 and be fed directly to second

is then fed sinultaneously and*continuously into plug 25 flow eactor 30
with paraxylene being fed via line 31, and the reaction is jgd %y The
par axyl ene nm tionally be pre-m xed with acetic acid solven an t he
it Efpne 31. Optionally, as described above, PQU/B¥HZHY of

reactor 20. In__cases ere.a Egrtlon of paraxyl ene feed 3177s fed

directly to sb&8h0 PedetBf 28, Re™PBEEI PFngToBof Deht Upat axyi&#es mRs ratio
in the reactithenedngm o 100elf andt ereachoghwkl | adj ust upwardly in
response to 35 that portion of the paraxylene feed which bypasses the

first reactor, andeQéthhﬁQoﬁﬁ@@nr§E|QLQBMlveaeiﬁfQﬁg mlﬁédlﬁeé@y 2005 WO
02/ 0- 55468 PCTéUSCl/ZOlOQ reach a value in the range of from®80:1 up to

values in tha Tande 8t 900™Y SRAVEULR"hi §he lN@I%&ﬁ+%9 SRV HER 3% ® ssol ved
in the m xed ﬁehdevetaeaunuenngaamyncoﬁvemseﬁlvbﬂ bkpgeni xhnghdevice 33 to

5 achieve a c t o] i ssol ve ygen in the m_xed feed st an1of
up to 3. 096w/@?§§§|%§£ egFgéag JS;coal‘g g g FA¥I 1 nehdb39 BV 5
di schar ge oxygenlddbeear| ynihivet heztdedastrarged to- dlﬂehsr@elexygaers

(not shown) Céﬂré&@i’%/bi‘n@@s‘cﬁéOﬁégduﬁﬂéﬁﬁm Oinim& %Qa{éfé%ff’{c o8 to

facilitate HIXIng i's al so possi ble according e rnventron to stage
the introduct iBAT oFRBRY HeRanj asso by PREbdpRRd FhetEQ?Qeﬁfafleselurallty

of | ocations aé@@gotheoleagfﬁc1pitétésh1ﬁ@ﬁ§tlOn zone 30. By staging oxygen
15 injection, the maxi mum | ocal oxygen concentration is reduced, and this, -

inturn, permts arfedyciion passisﬁet%c&)?&i i pg ﬂﬁ@sfhl&@nt &1!0{5“3“ Ce,
feed stream 10 is fed into react or 30 sinultaneously an

conti nuousl y ﬁf?%eZEh%a}%Rﬁg gt%ﬁntﬁér%ﬁyg?%rn%aereaE?l%ﬁF¥@QHQﬁn|n whi ch
the resul tingtisel vepyepasaxyl pheradit9 65 Bbche€dShs along the length

of first reaction zone 30. By staging oxygen
- 15  injection, the maximum local oxygeﬁ'concentration is
reduced, and this, in turn, permits a reduction in

reactor operating pressure.

. In practice, feed stream 10 is fed 1nto plug flow

reactor 30 51multaneously and contlnuously w1th

20 paraxylene to thereby form a reaction medium. in whlch

~ the resultlng solvent:paraxylene ratio is at least -
about 10:1, although the solvent:paraxylene ratio can
be as high as 25:1 or even higher. 1In a prefefred
embodiment the solvent:paraxylene ratio is in the range

25 of 10-20:1. - o

- Residence time of the reactlon medium’ w1thln plug
flow reaction zone 30 is relatively short, i.e., less

than ¢ mlnutes

The reactor 30 shown in Fig. 2 is a shell and tube
30 design. The reaction medium flows through the tubes,
while a coolant, e;g;, pressurized water (PW), is
'introduced,intefthe shell side.where it boils and is

removed as steam (S). A small water purge (boiler

15



about 10:1, although the solvent:paraxylene ratio can be as high as 25:1 .
or even higher. In a preferred enbodinent -the sol vent: par axﬁe@ne?ﬁ(%ti'o IS
in the rang 25 of 10-20:1. Residence tinme of the reacti on thin

pl ug BA05P¥8cti on zone 30 is relatively short, i.e. POEEVHHAN 6

m nutes. The reactor 30 shown in Fig. 2 is a shell and tubgﬂ 30 design. The

reaction med:é][n ows through the tubes, while a cool ant, g.
pressuri zed VB, BRs 15 nt3Rrickd ‘F‘?ﬂ*bfcf%elwlrt%'fﬁ%swi‘é?e it boils

and is renoved Bi-g eam €IS . watsredyswahier purge (boiler 15 16 May 2005
WO 02/ 055468 PCT/ USOl/ 20109 bl owdown, BB) is taken to control

mpuri ty/ residue by |ickiifi At dhe 98I BLe SYSLAMoT i d SIRCLALUE ool Lhe

reacti on nedi s it exits. first reactor , mai nt ai ned ow about

210'C by 5 ¢ ]?% ITSRF e Y ess el ntainrd ﬁ?%]&}te%b%’%‘éa%%oé?wdﬂy hence its

t enper at use. Gontralling the Prosasse ParsiBtSFshasdesesipedzggeordi ng to
t he |nvent|onn makes S|t Erp ssible to Iémt thjguggp ke of oxygen within the
reaction nmedi UmMih The FTPRTEF 5T 1 on- Ul G%/aﬁ’{fé‘;% ch is less than -

50% of the odagEmetegud rexd degscribed mmeiastg)rta)fth&eup@émyd)ﬁne to TA

Thus, paraxylgnes i; ggg‘g/ i
i ntermedi at e)s'h{l suchlsta ﬁ%ﬁ%l%hlid{\aﬁ {kfea%&%ak acid gfrkég C%hghﬂi}lder t he.
descri bed prdfd'é%sr%td(ﬂmfﬂﬁw thrheefﬁaemt eea@ripyr saene tongrol of the

reacti on WedivdMas wii @xits iéé§ttﬂ£r§¢§@i 03@ tﬁéﬂ%ﬂg{éﬁ r& SRELEQL ¥ ' “Ot
produce any %lld TA. Al t hough_a shell tube redctor de

Fig. 2, react %@W@W%f%tﬁ}t%ﬁfg%’@éﬁ% tp Tdesi gihwht h opti onal heat
removal and grtdzondlermallis phenvepeegenid rbffleféﬂ Ofba dtr EXANPE Brat DBy €act or.

can have mJlttd leAe fn@ea.cnpeﬁlaetés,w s?uhchoxaysg tlor!l!uac_i:[de%nyci nt Oplit.]olulc
acid and 4~CBA. 'Under the described process
15  conditions, with effective temperature control of the
reactlon medium as it exits first reactor 30, the flISt

reactor will not produce any solid TA.

Although a shell and tube reactor design is shown
in Fig. 2, reactor 30 can be any suitable reactor
20 'design with optional heat.removal and optional multiple
'ogygen injection. For gxample,.the reéctor can have
- multiple tube passes, with oxygen injection into the
ﬂ‘_reaction medium upstream of each tube pass. -
Alternatively, a‘back—miked reactor, such_as{‘for
”-25'_example, a pumpéd_circulating loop reactor, can be _
employed, with oxygen injection into the loop and heat
removal from the loop as 1llustrated in Flg 3.'-The
reactor can also comprise a series of cooled or un-
- cooled vessels, with optional oxygen 1nject10n upstream
30 of each vessel. ' ' '

The reaction medium exiting plug-flow first
_ reactor 30 is fed via line 19 as described above in
‘cbnneétion_with the process embodiment shown_in~Fig. 1,
to a second reactor, i.e., oxidation zone, 20; which,

35 as shown, can be a conventional, continuously stirred

16
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reacti on nmedi um upstream of each tube pass. Alternatively, a back-m xed
reactor, such as, for .25 exanple, a punped, C|rculat|ng qu% n%@ﬁq can
be enployed with oxygen injection into the | oop and heat front he
| oop as iwbestssagsed in Fig. 3. The reactor can al so COWDP(L"ﬁBS(ﬁlzBﬂ]DI es of
cool ed or un- cool ed vessels, with optional oxygen injection upstream 30

of each vessel. The reaction nediumexiting plug-flow first™ reactor 30 is

fed via line ﬂ&nﬁsrda&ﬁbkbedSaﬁﬁlﬁah@ou§9ﬁneﬁﬁéOﬁr@esbrEthPfHQGSS
enbodi nent - shown econd reacto i oxi dati on_zone, 20,

i oh o ae SREchRonLRegdtn 8nERiranare BoKEFAEOLE] bheL FRRGH OT6 16 Noy
2005 WO 02/05rd581PEWDUEGh/261990UankP£eaCPﬁéSSSKGUféaﬁeﬂUShYGaﬁhEe

pressure of t i ce 0.a. Vv e |n he range of
Prom 1 200 kra T bbb Rpace L L e HE e 8 e e B hugn ant! y
acconpllsﬁed %?db@@sthgoﬂﬁé paacrkon BlhedlththfopghsaneeolEEdQeraI|ty of

pressure Ietd@smveyab¥eﬁ09&1892%heﬁogétpeﬁé&'QBSQtaPHHtpégfpﬂggprfry of

reactor 20 mherebg E reacti on mediumis dispersed rapi i njection
into an agitatorcthperPer® FéﬁpﬁnthBeF%ﬁF¥h%nlWQGFHmIFﬁedéﬁp?ﬁ%e¢eactor

Process 10 COﬂdpideSbynEhb@ct@@ﬁtﬂﬂtgoanla@ltatgﬁpﬁﬁﬁéﬂlér rP§ESRUr €,
cat al yst CO”9§Q%5§t£H land eildenc I n conventi onal

ranges, although” Bxygentugtake s ?gd%%%dr?%?£?5duc H°6%Fdati on intensity.
A fresh sprIqowdleLonerwmkygenreeqtarniag gas,, témpenetiPa, is introduced

and rapi dly dspecsed, St LEACLALI. IPAL UMLAY §8§989n{:§a8£:9é 20 by any .

'E%Qaip
conveni ent  reans. ecipitate to orh1a slur reactor 20,
and it can. b%r?e%%@%%édCPPHﬁ?Fh@n@eaéﬁ%@es203%?39e§$vPéY9¢ﬂeuQ@ab%|ng

convent i onal ﬂetbeaﬁceﬁwebbeaédMaQQroii@aii@ﬁ019£e§91tyh'Ch will
necessarily

A fresh supply of air or oxygen~containing gas,
15 line 22a, is introduced and rapidly dlspersed into the
reaction medlum in second reactor 20 by any 'convenient

mearns.

- Ta Will‘preeipitate to form a slurry within
reactor. 20, and it can be recovered from the reactor
20 system via line 23 using conventional methods.
Overhead vapor from reactor 20, which will necessarily
contain some acetic acid and water, is condensed via
COndenser-24r and most of the condensate is returned,
i.e., recycled, via line 12 for feed stream make-up to
25 ©~ first reactor 30. . A portion of the acetic acid and |
' 'water condensate stream {so- called water draw off) 1s
diverted to a solvent dehydration system to remove the
water of reaction. Optlonally, but not shown, a
portlon of the condensate may be returned to reactor
- 30 20 to the reactor headspace, via a reflux sllnger,
and/or to the reaction zone, via a separate feed line

or by mixing with the existing'feed stream;'line 19.

17



contain sonme acetic acid and water, is condensed via condenser 24, and
most of the condensate is returned, i.e., recycled, via ling 2, bgisfeed
stream make-up to 25 first reactor 30. . A portion of the acetic acid and
wat er coMNYRAXESE8st ream (so-cal led water draw off) is di MEFUSW 22089
sol vent -dehydration systemto remove the water of reaction. Optionally,
but not shown, a portion of the condensate may be returned to reactor 30
20, to the rddRADrIRecaBPMER, IVia a reflux slinger, and/or to the reaction
zone, via a separate feed line or by mxing with the existing feed stream
line 19. 17 16 May 2005 WD 02/055468 PCTI US01/20109- WHAT IS CLAIMED | S:
1. A process for produch¥ecese afboxytféducioia orcaihiekydsteradid cat al ytic
liquid phase joxd daktop 0% é‘aéafﬂiés:?ﬂg@icﬂ‘gpﬁziwguééﬂaﬂbﬁ splyent sel ected
froman aliphatic carboxylic acid or_a non-aliphatic organic ~acid, said
sol vent opti ST ¥SSPARE-LAY NP SREEFOL whi ch SebreRrt sesteqid fHremngna f eed
stream conprisiiyhsol ¥edhrbdQy Bie oxidadi of c&ial Vsiniti @noebLyat ed S
pressure of at . east.(gbouijl 21,1000 kPa; (b) continuously and Sipultaneously *
feeding (1) THe"f Y St TRAMTt AP SHPRF brectRSHrHE 13 Wupphy of '

oxygen to a faamgtrisasti on zone to forma 15 reaction nmediumin which the

sol vent : precursor ratjo, i L the r qof fromat l.east 10:.1: (.c)
limting the uptake o"é))px%%%nﬁvég{]ha} nf%]e%g SQCrreea&}:r[tliCoorllmuprfv'el U i%OJS‘?ﬁlét first
reaction 12on@hd @i uEon v ehlyst | alssan helke G0 dfptdmswxy geh aequirted for

full 20 convessdomnpbysad dodd ecpy sor to.its corresponding carboxylic acid
or its ester; and (d) feedi ng the reaction nediumto a second

reaction.zone while si®ul t Y lad FEichg el L aeesine Tfedi reaction
medium to a vl juethe tdedrengsam, (2) said precursor and (3) a »

supply of oxygen to a first reaction zone to form a

15 reaction medium in which the solvent:precursor ratio is
- in the range of from at least 10:1; '

(c)  limiting the uptake of oxygen within the
reaction medium in said first reaction zone to a value
which is less than 50% of the oxygen required for full

20 conversion of said predu:sor to itslcorresponding
carboxylic-acid or its ester; and ._

{d} feeding the reaction medium to a second
reaction zone while simultanéously reducing the
pressure of the reaction medium to a value in the range

25 of from 1,200 kPa to 2,000 kPa. | |

- 2. The process of Claim 1 in which feeding the
reaction medium.to a second reaction zone while” |
simultaneously reducihg.the preésure of the reaction:
medium to a value in the range“of.from 1,200 kPa to

- 30 2,000 kPa further compriées: {(a) within the second
';eéctiénVZOne vaporizingaa portion of the solvent
preéent in the reactionimediumf (b}.remoéing the vapor
from the reactor overhead; {c) condehsing-the vapor;
and (d) recycling some or ali of the condensate to the
35  feed stream. | ' o ' 7 |
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25 of from 1,200 kPa to 2,000 kPa. 2. The process of Caim1 in which
feeding-the reaction mediumto a second reaction zone whil egpmay 2005
si mul t aneously reducing the pressure of the reaction nediumto a value in

- the rang@veP2psdel 1, 200 kPa to 30 2,00.0 kPa further conpPFHESOV0HY it hin
the second reaction zone vaporizing a portion of the solvent present in
the reaction nedi um %b) renovi ng the vapor fromthe reactor overhead; (c) -
condensi ng the vapor; Thaner &5 ¢ edf cF 1@t sbrgh brh atRc bpdefetf®ndensate to

the 35 feed staeambni8 26ephyr20060v¥Ei Ag100d 5468 PETAYSERLBOLHB1 3. The
process of Caim,1 mhlgh inglud?s t he, addi ti onal stﬁg of recovering the
resul ting carBox§ PE “58i 856FTi t5°8stRF PRGAPYHES2EEHRE #84Eti on zone. 4.

The process of Caim2 which includes_the 5 additional step of recovering
the resul ting carBoxyFie PEEFESDroftslasPet YrbrhtheCcseedAdtPRaction zone.

5. The pracessdaftChakm 3tkp whi ebcbhercagbexyl resubeidgi satbogpbibal i c
acid, the precungor IS ara§¥le£e %gd t he sglvent Lsnac%%ic acid. 10 ~6.

" A process for2pr3di&i h§eaehrboxyPTc 48 45P"C ¥E285¢ 8P By 8atal ytic |iquid
phase oxidation of a corresponding_precursor in a solvent selected from an
al i.phatic carboxyPic atPd BFOEeRDNCEI FPRdPi & bR gEhich BREJCaERPHEYSBFvent
optional |y ingktidi hg wakrephtWhleb addd¢ompei sescufaprf asnpagaayliead, st ream
conpri si ng sogvgn%‘eagg oxXi atiog C talést at an el evated pressure in the
range of fronf3%685usCtE°9h, d90°KPATS(Bf*8xygenating the feed stream 20

(c) continpuously and sinultaneougl¥ feeding (D) thg oxigenate feed stream
and (2) st d preclrsor® PEOGEFFr 50T RECEROANZ PSR PEY -5 FEACL PO nedi um
in which theisel ¢entrpbgcuasalytati digaidnphbeer angdatfion of a '

corresponding precursor in a solvent selected from an
aliphatic carboxylic acid or a non-aliphatic organic
acid, said solvent optionally including water, which

15 compriées:

{a) forminé a feed stream comprising solvent
and oxidation catalyst at an elevated pressure in the.
range of from 2,000 up to 20,000 kPa;

(b} oxygenating the feed stream;

20 - (e} continuously and simultaneously feeding |
(1) the oxygenated feed stream and (2) said_precufsdr
to a first reaction zone to form a:reaétiqn'medium in
which the solvent:precursor ratio is in the range of
from 10-30:1 and reaction products are_maintainéd in

- 25  solution as they are formed:; .

(d) limiting the uptake of oxygen within the
reaction medium in said first reaction zone to a value
which is less than 50% of the oxygen required for full
conversion .of said precursor to its corresponding |

30 ‘carboxylic acid ox ité ester; and _

.' (e) feeding the reaction medium to a second
feaction zone while simultanepusly.reduéing the
lﬁressuré of the reaction medium to a value in the range
of from 1,200 kPa to 2,000 kPa. |

.19



~zone while si mul t aneous

- present in the reggtlon medi um

“from 10-30: 1 and reaction products are maintained in 25 solution as they

are fornmed; (d) limting the uptake of oxygen within the re@pm5§4mg§ediun1
in said first reaction zone to a value which is |ess than 50% of the
oxygen r€H@PPEH%% orfull conversion of said precursor toPCTASBEIYSpondi ng -
30 carboxylic acid or its ester; and (e) feeding the reactign nediumto a
second reaction_zone while srnultaneously reduci ng the pressure of ‘the
reaction nmedium fo a VBPUBTPReEReCfahgaimof Fhexein2001RPALESE2, 000 kPa. .

19 16 May 2006actDof2£655468 BCE&U§0iﬂangaaZtofh@rphob@%&—ﬁﬁx@Bal”‘6
wherein said fhrsg reaction zone is a plug flow reactor or a back-m xed
reactor. 8. The- process of daim6 in which feeding the 5 reaction medi um

to a second reaction gone whil'e sinultaneously redu0|ng_the ressure of
the reaction nelirunifs BEPSRGE Ph theiRafgenolhirBmieeddnIkbacto 2, 000
kPa further ceaptisasmef@ahmwcbhiansthengeeenetibaagbin@nwa@ne vaporizing a

Dapor 1 rom PREE EAET B Vo RERG "Bc LRBOREERSETS Pl SURpGERCERR () ©
recycling someddrmatb ef veAmecéndéhsatenye blfefrbeed, sD0e&Pa @0 The process
o Ot m T 1, wbbcheboediagetheontisLeact] 90 MRIUTL! 0,8 SgEaRg react i on

- reduci the reaction nediumto
a val ue in thearhige épn?rGﬁPQrQGGHHPQ pertzoooefkpae s@dvBak conpri ses:

(a) within tpeesesengn tﬁéC&eQBtEQHeméaEﬁﬁ'Z'Bg %eﬁ%&&h@”tﬁ% thAgogol vent 20
renovi-ng t he vapor- “fromthe reactor :

over head; (cJ*eBnHeRsFRGCERE 9§ﬁgpeadandc { dFOREEVELPAG tEEME2BPTAI | of the
Condensate tandheéd) f eedyslliagmsome or all of the condensate to the

feed stream.

9. The process of Clalm 7 in Wthh feeding the
15 reactlon medium to a second reaction zone whlle

simultaneously reducing the pressure of the reaction
medium to a véloe'in the range'of from 1,200 kPa to
2,000 kPa further comprises: (a) within the second

- reaction zone Vaporizing a portion,of the'solvent

- 20 present in the-reaotion‘medium} (b} removing the vapor .

. from the reactor overhead; (c) cOndeosing thejvapor;
and (d} recycling some or all of the condensate to the
feed stream.

_ 10. The process of Claim 6 which includes the
25 additional step of recovering the resulting carboxylic
acid or its ester from the second reaction zone.
11. The pfocess of Claim 7owhich includes the

'additional steo of recovering the resulting carboxylic

acid or its ester from the second'reaction zone,

30 - 12. The process of Claim 8 which 1ncludes the
additional step of recoverlng the resulting carboxylic

acid or 1ts ester from the second reactlon zone.
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- process for catalgtic F

10. The process of,Caim6 which includes the 25 additional step of
recovering the resulting carboxylic acid or its ester fronqﬂﬁ@%§gggpd
reaction zone. 11. The process of Claim7 which includes the additional.
step of rOOVeTHéy the resulting darboxylic acid or its BET/ERIH2YH t he
second reaction zone. 30 12. The process of Claim8 which includes the
addi tional step of recovexing the resulting carboxylic acid or its ester
fromthe second féactTBA PsAESS200I6ChAjM2B08higD bREbugdsstiPET/ USO / 20109

13. The procesgqetiGhaims® ephiceh rebekudesqt peeaddihhenal skepoRf1iecovering
the resulting carboxylic acid or its ester fromthe seCond reaction zone.

14. The proce8§t8f 8 & Fm 6SERIWATER The E5FBBRYFPECtEORCEANPs terepht hal i c
acid, the precursor is Earaxylene, and the solvent is acetic acid. 15. A
§uPdOpRESeCExFHaliroh 10f wpashxhenearhorysbFvent

conprising acetia asi deWBptRhateePREsaS: tAQ. pkakrukQbH RY Bakeedisheeam
conpri sing solvgn% and_oxi dat.i on cataI%st a? an el evated pressure in the
range of fronf33068°uf°t8e3s, 66026P51C(BFi8xygenating the feed stream (c)
continuously and_si multaneously feeding '15_(1i‘the oxxgenated feed stream-
and (2) said paraxyl end PEBCESHi £ot pruglyibdw féguifdonrhasfecrbdabiana
reaction medp@nphRawiiienet A acebl¢eatl doppraxyhengckativoabsdl Rhikthe range
of from 10-25:1 and reaction products are maintained in solution as they
are formed; 26°THf*FFiiti ng the uptake of oxygen within the reaction

medi uminl&aid first feactfonmingeat feadvatueamwhbppbrisihgssol hant 50% of

t he oxygen regqujred. -full rsion._of i a I rephthalic
acid; (e) fee%#%gggﬁégﬁéégtFgﬁgggéﬁuﬁktgnae%égggga égé%Fgggt%gnkggne while
si mul t aneousl| yangduefngreme2,000 up to 20,000 kPa; ; '

(b)  oxygenating the feed stream;
| {c} continuously and simultaneously feeding

15 (1) the oxygenated feed stream and (2) said paraxylene
to a first plug-flow reaction zone to form a reaction
medium in which fhe acetic acid:paraxyiene ratio is in
the range of from 10-25:1 and reaction products are

- maintained in solution as they are formed;

20 {d} limiting the uptake of oxygen within the
reaction medium in said first reaction zone to a value
which is less than 50% of the oxygeh required for full
conversion of said paraxylene to terephthalic.acid{

(e) Vféeding the reaction medium to a second

25 - reaction zone while simultaneously reducing the
pressure of the reéction medium to a value in the range
of from 1,200 kPa to 2,000 kPa whereby a portion of the
solvent present in the reaction medium iS'vaporized;
and _ '

30 (f) continuously removing and cohdenéing the
vapor from the reactor overhead and recycling some ox
all of the condensate to the feed stream while _
recovering the resulting terephthalic acid from the

second reaction zone.
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pressure of the reaction nediumto a value in the range of from1, 200 kPa

to 2,000 kPa. whereby a.portion of the solvent present in tfeyse3688 On '
nmedi umis vaporized; and , 30 (f) continuously renoving and condensing the
vapor fr¥fhoeiessseact or overhead and recycling some or alACTofSouie109 .
condensate to the feed streamwhile recov ering the resulting terephthalic

acid fromthe second reaction zone. 21 16 May 2005 WO 02/0-55468

PCT[ USOl / 20109 16.16The Mreogassest Cfaicnein @, ai0na8nofe Graignalis Mhi ch

i ncl udes the tis te f _divertin ortion _of the par axyl ene f.eed
fromsaid fi rgg@rheagltl c?r(\i% z%rlll% % 13n§gcgr1f5’p N dc I8 FNE hereby said

acetic 5 aci @opadaxylcdn tder grirexivd es@l defior ftrareaetion fZome rHewricases to a
value irn excegpedft2%akid 22cond reaction zone whereby said acetic -

5 acid:paraxylene ratio in said first reacton zone

increases to a value in excess of 25:1.
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