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(57) Abstract: Improved process for producing carboxylic acids or their esters by catalytic liquid phase oxidation of a corresponding
precursor in a suitable solvent comprising feeding the reactants to a first oxidation reaction zone at high pressure and high solvent
ratio, wherein uptake of oxygen is limited to Jess than 50 % of the oxygen required for full conversion'of the precursor to its corre-
sponding carboxylic acid, and then feeding the resulting reaction medium to a second oxidation reaction zone. ’
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“ reaction.

(S (57) Abstract: Inproved process for producing carboxylic acids or their
esters by catalytic |iquid phase oxidation of a.correspondi ng Mdy Eoar sor in
a suitabkg sol vent conprising. feeding the reactants to a first oxidation
BH&'% i gh pressure and high solvent ratio, WREFESH/W@MIake of
oxygen is limted to |l ess than 50 % of the oxygen required.for ful
conversion of the precursor to its cone-_spondi ng carboxylic acid, and then
feeding the resulting reaction medi um £8T4Esecond oxi dation reaction zone.
16 May 2005 WO 02MBBSWED PRULESSO rOR16RoDTCIHE CMRBONEDIPROEESS FOR
PRODUCI NG CARBOXYLI C ACI DS CROSS REFERENCE TO RELATED APPLI CATION.5 This
application clains the benefit of U'S. Application No. 09/481,811 filed 12
“January 2000, and U. SRQGH|IREERREHCINGO GELATEMFPHLIIGE T0H January 2001,
both currently pending. BACKGROUND OF THE I'NVENTI ON 10 t he present
i nvention ¥ el ates Tbhianapppiowetonpebebas £ pepdact ngr cardoxylic acids or
. their esters Lyt Gal 1 gyi - xjdation_of a co pondi ng
precursor in %B%h??g #éhsg Veﬁ?fgigggfgaf%i%%|%$|§?nu?ﬁ% %é@@en?n?nvention
i's an inproved-proteBiicekionelNab Cal S Y1488 | fgqued phasenwxigazdon, of
par axyl ene tobopmoggggeﬁgiﬁppgggiﬁ _acid which conprises sequential steps
of feeding the reactants to a first reaction zone at elevated pressure

~wherein.the tenperature andgihg X controll ed and any
terephthalic 20 acid which GR&ﬁ&ﬁK@FQ%HQ ! @£§Nand then feeding the
resul tinggreaction,nediumto a.second reacfion zone to conplete the

oxi dat i on react i OEPH%I’%%?IS%% | VP RFT B Pt HaTT cEACRY HP I HRAiced on a

conmer ci al sc@ﬁ@p¢@6cé@aJgr@@u01ﬁgu¢ak¢ﬁx¥&ﬂéﬂJciﬁs(ndwkﬂéiﬁ1éﬁté&ﬁaxy|ene!
Commer ci al prgesses) ¥se. AE&L] ' lvent cand_ a mul tival ent heavy
netal or rret%gs as c%?a?yst@p%b@ﬁ&aﬁ%%%gﬁ%%s%f at e THe "R R del y
used heavy netEFCERIArystsy ahtdromismlvent. More particularly,
| the present_invention is an improved process for the
15 catalytic liquid phase oxidation of paraxylené to

produce terephthalic acid which comprises sequential

steps of feeding the reactants to a first reaction zone
at elevated‘pressﬁre wherein the temperature and the
uptake of oxygen are controlled and any terephthalic
20 acid whiéh forms remains in solution, and then feeding
- the resulting reaction medium to a second reaction zone

to complete the oxidation reaction.

Practically all terephthalic acid is produced on a

commercial scale by catalytic, liquid phase air

25 oxidation of paraxylene.. Cdmﬁercial processes use
acetic acid as a solvent‘énd a multivalent heavy metal

- or -metals as catalyst. 'Cdbalp and manganese are the

most wideiy'used heavy metal catalets, and bromine is.
used as a reﬁewablé source of free radicals 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




used as a renewabl e source of free radicals in the 30 pro cess. Acetic
acid, air (nolecular oxygen), paraxylene and catalyst are figdugprigsnuously

into an q;g' 3 i reactor that is maintained at from 175 2250C and,
1000- 3000 E%a;o%éi}.e., 10-30 atm). The feed acetic 16 My 28’8?5&%%?}9? 05468

PCT/ USO / 20109 aci d-. paraxylene ratio is typically less than.5:1. Ar is
added in armugtc%d'_‘g) exceis of the st.oichionetric_ requirenents for full
the "

conver si on of © SraxylERe €6 - CerdpitmaiGad e il®sst Fhathidilze fAsirmat i on
~of undesi rabl és5 agidest dduetmunsisc i ras:aeigy JOMRr Stokhd iGHdation
reaction is exaghgnig ng.heat ;s remved b Lowing the acetic acid
sol vent to va otrg:ﬁze. ﬁé&c%rogeg%&%dicr?gnve\ffﬁéjfyio? & dé]?i’sré‘d(y;‘?d‘ermts? of the
condensat e i s -PEERREEG e fivd dredet orininiitde siommatdoe refatue deed ingp b 1D

wi thdrawn 0 BRprelIIRACt AhcHaber LANGeN.atd,an (e Jmles jof water are
formed per nole of .paraxylene reacted). The residence tinme i's rfypl cally 30

mnutes to 2FABGIFEClddpefdPhgeSHithe dpcodess. iBepenoivieg &y adiceition

reactor operathegacetdic heas, selgentled RRAIA.C, TRA! AMSle LRNEEMS ati on

and residence_t] ne, | Si %ni fi carat degradati on of the sol vent and precursor
v ho Tis c deggﬁ

can occur, which, in"tur i AP JOST Ofe tossCoBAensFd atlisng t he
process. The &ffluerd, tio. &he reactican priatuGliome comdehe at20 Hsirdat i on

reactor if a ghuhfYaeh ¢U p | i id (TA) crystals. which are
recovered fromthe s ur?:% g%{/lr':?lg?t Ir%%%&r?% \‘/’\"/a(séﬁé:d,(zo %cle@&y’:?ﬁ&oc?on 2d to
storage. TheParE PhReiaifLerrpefiorped peparmaile pdr phireatilemest ep  or

directly to arpekysani.zatrhenrps98e8se LR§MBIN 1 I tayh L crude TA
is 4-car boxybenzgi Eeh¥de %4FCBA), _vvﬁi ch ies iSh(J:t 1ic§tﬂg y3)§x_|&%n¥§° s -
par axyl ene, - aP't holtgH+*§- t SPREPEERFdETakliSpPESIESE - ac PaPEAR ilds ®he

oxidation reactor operating conditions, e.qg.,

1§ temperature, catalyst concentration and residence time,
significant degradation of the solvent and.precursor
can occur, which, in turn, can increase .the cost of
operating the process. o | '

The effluent, i.e., reaction'product, from the
20 oxidation reactor is a slurry of crude terephthalic
' acid (TA) crystals which are recovered from the slurry
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 iﬁcqmpletely oxidized paraxyiene,
although putolualdehyde and p-toluic acid can also be
present alqng with undesirable color formers. By.~"f
conducting the oxidation reaction acéording to the
30 invention as described in gréa£ér detail beléw, it is
possible to substantially reduce the formation of
impurities in the final TA product and efféctively
- control solvent and precursor degradation. |



present along with undesirable-color forners. By conducting the oxidation
reaction according to the 30 invention as described in greatgnysess!

below, it is possible to substantially reduce the formation of "~ inpurities
in the final TA product and effectively control solvent and precursor
degradation. 16 May 2005 SUWNARY OF THE INVENTION In a first aspect, the
present invention provides a process for producing a carboxylic acid or

its ester by catalytic |i qUPYMBARYE O FHFA(INVIENTION corr espondi ng precur sor
in a solvent selected froman .aliphatic carboxylic acid or a non-aliphatic

organic acid, said solvent optionally including wat er, which conprises:
(a) formi ng a feédekFttpwarhicomset siatonpaividentrrocanthr pxrdudiag 2 arbogdit afidist at an
el evat ed pressyresof -af, ut . 0_kPa; continuqusly and

si mul t aneousl y feedr n _y(%§E§%¥@?geé?§?$ga%$§fi)ggéﬁagﬁPBCS s8r and (3) a
supply of oxXyehC¥BCRtRgsPIEEUEEPENiROAEsStOVEDENBAlectadt ifopmmedi um in

whi ch the sol vepiha Pl eCcEs88bxyaE E0aksq bR Lhgohange ﬁétﬁaog&ganh%ast. 10: 1,
(c) |Iﬁltlng%tn% upt ake oi ox%gen wi thi;n the reac?lon medidmin said first-
reacti on zone 1Y a®vaf uBCLRARERCPEIPRELLY hiRCEB94 BY YRESEXYYBAChequired for
full conversimpriofesai d precursor to its correspondi ng carboxylic acid or
its ester; and (d) feedi eacition nmediumto a second eaction zone
whil e sinultaneousjyﬁfédﬂg?%gf?ﬁeg %?%%sfﬁ%@%ﬁ ??@P?%%ﬁ??oﬁoiﬁﬁPEn1to a

val ue in thétampeldatioronrtalpotkPh o 21008t &Papr8siGrbhpf2805 In a

second aspectsadiheapbesent ohfvephion provides a process for producing a

carboxylic acid or its ester by catalytic |liquid phase oxidation of a
(b} contindously and simultaneously feeding

(1) the feed stream, (2) said precursor and'(S) a
supply of oxygen to a first reaction zone to form a
reaqtion 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 preéursor to its'coxresponding
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
of from 1,200 kPa to 2,000 kPa. |



correspondi ng precursor in a solvent selected froman aliphatic carboxylic
acid or a non-aliphatic.organic acid, said solvent opti onal1l6yMé){1§dd5di ng
wat er, which conprises: (a) formng a feed stream conprising solvent and
oxi dation catalyst at an el evated pressure in the range of from 2,000 up
to 20,000 kPa; (b) oxygenating the feed stream (c) continuously and

simul taneously feeding (1) the oxygenated feed streamand (2) said
precursor to a first reaction zone to forma reaction nediumin which the
solvent:precursor ratio is in the range of from 10-30:1 and reaction
products are maintained in solution as they are forned; (d) limting the
upt ake of oxygen within the reaction nediumin said first reaction zone to
a value which i $"%E«ad ppeh s goseptfinveriion prryidrs n proesuior meflufiog a fadbivlic siwer si on
of said precursOledi@d S, GQUH i ; rftgpgg i ¢ -aci.d i ester; and - -
(e) feeding the reacti oliy nediaﬁ%g?"ortdaﬂg%lclgﬁ : reéac%lgjr:lé%oﬁ{e <%/éﬂ%Ie

si mul t aneous|SP T EFRANY th @ L FTESQ d'ofe (8- earc t5ore et U a@ val ue i n

the range ofaXipomth 206 kRacild 2,00% kRaa 3anlIMph2005 oddh@ d hird
aspect, the present aiir(ljvesrg)tli on .provi.des rocess for catalytic |iquid phase
oxi dation of “pardxylene 1 & Lol édngr STy H i s d WHich
conprises: (&Pmparidasy a feed stream conprising solvent and oxidation
catal yst at an elevated pressure in the range of from 2,000 up to 20, 000

kPa; (b) oxygenating (the ffeethisir @afeedC)t're@nl idHRUS] n3NGo3iviadlt aneously
e 0 oS PATIR e 5L a2 P BB e o =
range of from 2,000 up to 20,000 kPa; : '
{b) oxygenating the feed stream;
(c) continUously and simultaheously'feeding
(1) the oxygenated feed stream and (2) éaid precursbrrl
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
#eaction zone while siﬁultanepusly redu¢ing the
pressure of the reaction medium to a value in the range
of from 1,200 kPa to 2,000 kPa. | o

3a



mediumin which the acetic acid:pa-raxylene ratio is in the range of from
10-25:1 and reaction products are naintained in solution asﬁﬁﬁﬁ% G
formed; (d) limting the uptake of oxygen within the reaction %IUW]in
said first reaction zone to a value which is |ess than 50% of the oxygen
required for-full conversion of said paraxylene to terephthalic acid; (e)
feeding the reaction nediumto a second reaction zone whi'le simnultaneously
reducing the pressure of the reaction nmediumto a value in the range of
from1,200 kPa to 2,000 kPa whereby a portion of the solvent present in
the reaction nediumis vaporized; and (f) continuously renoving and

condensing the wmapeQ aIpE@,rmetplf'a@enf |aatda E)r(}_c)l\ﬂgsratb%gs ap gata'iﬁg M(ﬁllid e ?SQMOnO roall
of the condensate to the feed streamwhile recovering the resulting

t er epht hal i ¢ 4¢P TRrIfheIfe 1 @c eivd viegdc cop rAerieg 3lrelf dVieg 120051 chhe
present inveRbi@iiisesan i nproved process for catalytic liquid phase

oxi dation of paraxylgn?.to roduce terephthalic acid which conprises
sequential 5 steps of feé&F%@nﬂhé fE&Et aftrsam gorpaingnd satvabke sol vent,
to a first reactiocaddzanenatcaalayated tpEes sUltra tekeRidifie tenpaerat ure and

omai ns i 1 SOFPEOY RE™ Ren Kasi K5 Ehe PBsUF g 10 roaction medium o a
second oxidation readbDonOZ@H@natIhe phecéssdcempeases: (a) formng a feed
Fange of - Tromat | edst abodt Bopb Kpante e yea00 S R ()
cont i nuous! y ‘&hd E8entraseaksty treddishgeatl prdnd 2) es@ ist pearxyl2he
paraxyl ene apd &3fiassURRh)-#low reaction zone to form a reaction
medium in which the acetic 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
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 '

(£) 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



oxygen to a first reaction zone to forma reaction nediumin which the

sol vent: paraxyl ene mass.-ratio is in the range of from 10-25gkyayfodsc)
limting the uptake of oxygen within the .reaction nmediumin,the first
reaction zone to a value which is Iess than 50% of the oxygenreqU|red for
full conversion of the paraxylene to terephthalic acid; and (d) feeding
the reaction nmediumto a second. 25 reaction zone Wil e sinultaneously
reducing the pressure of the reaction nmediumto a value in the range of -
from1, 200 kPa to 2,000 k-Pa. The resulting terephthalic Acid can be
recovered from t RBer BzeEens redicofmiexi tisngnt Heysesend preaeidOFo830 zone by

any conveni eghtBRgRS c WAl qt BE LAY i cr.i bed hereln in ternms -of,
an i nproved oxbgatlon sy gten1? 2 co%%gF%Qlia %ﬁ§§?ll eﬁb ﬁ%%ephthallc

acid, it wilP* “F8c8§ﬁﬁi’8&h§&1%a%§i »He5 vs@n@z/l@eaeeq%ewujemzolw

that the 3 nvehepenoifs fapplingabhe teapradyei Nd 2 1rAN9e O%dﬁﬁkﬂﬂéyl'c aci ds
or their estg5§v€ggd E%rtl%ularlﬁ hthalic acids or their esters--, by
catalytic liquid phase 8xi-dafio 38Fté080FP@?p@ﬁd@ﬁﬁvﬁﬁéﬁhE§@ﬁ$ﬁ¥%i5

sui tabl e sol YeareiFhéhienvenproatnesi das theth@tadbseqvewwg@magrghe
conver si on o ﬁbg piggugﬁgr respondi.ng I|c acid can be
substantlall%o g%rove ah?r£g§epﬁ%b ? g Bxit aﬁﬁ éﬁ?ﬁon in at |east
two stages, DTZbREsINWAP Htééﬁprﬁéé tmen(I¥6ﬁ@nglngearbeedtem@eam

conpri si g soéyebioangdedowndadi anseabakysk agtag e pressure of at
| east aboutq B 000 kPa, and then gontlnuoué k%%%%ﬁ%&né%&%ly f eedi ng

the feed stream ¥%%eﬁ§eﬁﬂ?85+se%nd a supply of oxygen to a high pressure |

first 15 reaction zone tao forma reaction mediumin which the
{a) formlng a feed Stream 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) cdntinuously aﬁd 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 thehsolvent: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



solvent: precursor mass ratio is-also relatively hig h, i.e., in the range .
of from 10-25:1, although the preferred ratio for econony ag #ygggblllty
is fron1v%g é__%; and 20 (2) feeding the reaction nediumfromt first
reacti on YYORE*Y8* second reaction zone, where the oxi daPCHN¥SPEHA on runs-
to conpl etion. Inaddltlon to nalntalnlng the solvent:precursor nass ratio
as descri bed, ﬁ%@ ake_of oxygen in i %i first r ac ion zone is linmted
to a val ue whi¢ ?es%ve?ﬁéﬁ 509 BPPEhE2Bx§gER PE& PFéBngrrFBEF

conver si on ofoft¢n¢¢mezhlsoaCidS|bs theiespsndiag sﬁﬁbp&ytueuaﬁrdyor

ester, which t e e _aci ups ependi ng on

t he precursoﬁﬂﬁg§€gﬁﬁ %%%% eﬁ?ntégigh% ??gtebgac?F%%y o%elﬁg Egntrolled by
one or nore dthasherbirbivpRgofedhedsrespdnghngt aracngsoxygenasuppl y

(i.e., oxygensEonEens rabieantW thho §n9é§9§&§f£b9§éesréﬂgghe(")
mai ntai ning c Ial%st concentration wthin a predetermned range;, (iii)

limting the TE¥7HENTE tRAk BB (QRRTREALIAR PRetRPeaPFBFUFFEY Bovakame

di vi ded by trmraea@omyn@oaarbmﬂzé0a§§&6§aRCHéTé@&éaﬁwalwactor feed
rate) within it about m nut es, but

[ reaction zone t ess
pref erably Ie%?%%& §4b nf A %lngaﬂﬂt(ﬁg? %ﬁf?%ﬂé??yr?@ﬁE%PﬂglﬂeﬁF fromthe
reaction zcwmiqaﬁﬁnﬂwnzﬁtﬁgﬂe,tenpeoaearewbichheoﬁprﬁaet|on medium as it
exits the first reaction zone at a value which is bel ow about 2100C.
Si nul t and@usl y whi {1 f eBeltming he fe@atsﬂﬂe@mdtgﬁpriglhges§§e@ﬂg Egactor the

ressure of t o] mjs reduced to a value in_the range of from.
E 200 kPa to‘%gékfﬁéﬁ é%?nga#b%éy??c RYHEGRi RRESPRERI P§ &hnt B@gFecovered

fromthe finaAbPqEactii0 Rali iand wbheh ¢entimpicatly andlurry of acid
crystals, - simultaneously feeding the feed stream, the precursor

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'reaotion_ione is limited to a value which is less
than 50% of the oxygen required for fnll conversion of
the precursor to. its oorresponding 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 t(deflned as the reactor liquid volume divided by the




- by conventional nethods. According to a preferred enbodi nent of the 15
invention, oxygen is dissolved directly into the feed stregg o5Si ng

sol vent and OX|dat|on catal yst, and the oxygenated feed stream’is then fed
cont i nuou¥PY¥4id®® si nul taneous Iy with the precursor intoPERESIYI04Q

oxi dation reaction zone which is a plug flow reaction 20‘;gpe | medi ately
upon enterlng the f|r reaci n .%gne tF Erecursor g., par axyl ene, is

t horoughly mixéd eFﬁer ?geﬁé d2sbMGent TEE ERREF &P £R8% f£8action. By.
control ling t&escxygen sbppky 5 mahakygst bﬁﬂnpﬁeféahbmy 1leesi dangedtine in
and/ or tenper f. t fir ion_zone ossible to
control, i. ﬁ?HEEeQ aﬁd ng?aﬁéEng%§% hEW T Pﬁ %ﬁg% gﬁ@ |gh medi um to
a val ue whi chtFactéss ?ﬁaﬁ EQ%WQﬁntheHOXVQehempeqatnee bdr thel | conversion

“of the pregursenctooht e € Qi %%p%dleggtsaw@xﬂkgtaElchtIB% LBAG! %‘8” medi um

is 30 then fed to.a secon nore_conventional, reactor as described above.
The process of Yﬂ%anWBﬁFPoﬁslerQWtPEBPEr?yo‘%ppllcable to producing
terephthalic acid by catalytic |iquid phase oxidation of paraxylene in a

solvent j5 conprisfafuaéenpevgérydvhhdenheeding5the WapcR00B medium---- - --
WD 02/ 055468 PETERISO:L20409 r<BREEE PE@CBJCE&%OEfTHEeDBéM\E%‘%F' g. 1is a

sinplified schegatlc di agr.am of the process of the invention according to
one embodi menfS4-Bigisor QuﬁeglﬁﬁlFfF%Hu%ch%nﬁPFCIEPQ@raﬁl5F°Fhe 5 process

of the |nWantiLoE|09ckBadth2t00a reef erred c@ﬁb@ﬁymat ackagwh3chs a
SR SdseherBhi £ 9banr B PLeBlerBl! PLOR' LNS EPnL]° RLRER] O 20Tam shown
medium, which is typlcally a slurry of acid crystals,

by conventional methods.

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 ac1d and water.



wherein a back-nixed reactor is illustrated. 10 DETAI LED DESCRI PTI OR OF THE
I NVENTI On The present invention resides in the discovery thgiydfodgs

possi bl rrying out liquid phase catalytic oxid gi raxyl ene
in the S‘F”g\é%ﬁg‘e*ggf an acetic acid solvent, to effecti vela‘{;-[z&é} emt%ﬁ

oxi dation 15 reaction on a commerci al scal e |nto a first high pressure
reaction zone followed- egGand eaction zone and

t her eby substanti al | y Pgﬂ%ﬁege—p : pduct quality. The
first reaction zone o t he proces s 20 charact erl zed by a relatively high
sol vent : precur sor Jn‘i‘a’ssl et 1D 3 iﬁélreéjng'ﬁktﬁmﬁtrjdinqw@%af& oforth&en hi gher
as descri bedpirodasd hef et aidvandendisgdiione tenhedi smndabedom and a

relatively high pressure, e.g., in the range of fromat |east 2,000 kPa up ,

to 25 10, 000 kPa Q?rlgevem :thl %@mﬂilm%fd %&H’eﬁﬁ&tﬁ %%ﬂim dmss,datios, may
be used, %or exa e(#J 1 or even hjgher, but best results for the

overal | oc&&EC p*éf%fﬁveeﬁ’é%c’él faé'ﬂ:ct%ht% T R REHERISE vel v
t hrough or vieabtheddntst reaction zone, have been 30 observed when the
sol vent: precursor mass ratio in the first reaction zone is in the range of

from10-20:1. Theifdrss nrsﬁ@ctsl%la.eﬁ%d SR |y L9l £ 0 gontrol  the.

tenperature ot_Ltthe reacti q%gl um as |t exits the - first_reaction zone at
a val ue whi cA™i ?rﬂﬁt&\ﬁeaﬂ'tﬁut PR SFF0 51+ A8 3/ BB 65 PEII USOl / 20109
210' C ContrGhembmerméiaaikm&xe@att@aytﬂiomﬁmeﬂﬁhﬁiﬂﬁEedI eactor residence
time, and/or maintaining the oxygen supply to the first reaction zone

wi thin aio predet er ni negETangs MR ity 1008 BBl d onegaverhgnt |y 5 linit the
- uptake of oxygen within the reaction nedium 1o a value whfch is |ess than

50% of the oxygen THEPHdRhd Akl GOPENRIAN 6 e PALEVdApe to

that it is possible, when carrying out ligquid 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 solvént: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



terephthalic acid. Tenperature control can be established, for 10 exanpl e,
by placing an internal cooling coil or other cooling deViCQGW%éJ?Fb st he
first q&b 3& zone, enpl oying a cooling jacket to surroun e reactor
or by ci YOFATTHAY the reaction nedi umthrough a heat exBHENRYZHYcat ed
externally fromthe reactor. 15 Catal yst control can be established by, for
exanpl e, routing sone of the catal yst-containing nother liquor directly to
the second reddion zBABLIBY pREstePe¥He T r statakiit orpertration,

critical to aveadtpireciepitiahicentChesobhd/ A m89n99§91§QYt8805k98eﬁurfaces
in the first reaction ZQ gﬁ TA formation is limted by limting oxygen
trat

upt ake, and TAPBrécitH ShEPL GPEGtPpPBYVERPEAYBY AR Ataining a hi gh
'sol vent: precupsedem&tmanmﬁthangehﬁakeacﬁtoposﬁﬁﬂﬂéntoaﬁdnb&nﬁéhemylng an

appropriatg cgglant wat e and. cool i ng.neans .t hat avoi ds
col d spots- fro#? oF%%n%pgﬁﬁg o Ioc anwﬁ%%ﬁlngPﬁer?gﬁg% P /G um  on
‘exiting the fitPse Véé@ﬁl@hlzbnes thespktbssub8% of the ommgenon nediumis

mmwmmwmww%mmwwﬁwwmwﬂﬁ%@%wwmm
reactor. This reactor could typicall e a st |rre tank reactor or a :

bubbl e col unn tFESELSRaLEGT 28%8mpl e. Pressure reduction can be conveniently
acconpl i shed- by passing the reaction nmediumthrough one or-a plurality of
pressure 35 | et dowhAsFRE¥esupesFenbhed abobubet hetpetiphedy 6brthe 7 16 May

2005 WO @2/05§4ﬁglechysgiéaQAQ9 ﬁe§ﬁ£@£naﬁeéaoieﬁgl&élmase Bﬁﬁerobtained

when: t he reactlﬁn medi umis di Spersed rapidly upon entering second -
reactor. Rapi 8°8i$pEr §FEACEal bR AckhheyEYTBY r@%Fﬁﬁo%s?aﬂPrshéd met hods for

di spersing paéﬁﬁybgmﬁg a cooling jacket to surround the reactor or
by circulating the reaction medium through a heat

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 s
20  onto any cooling surfaces in the first reaction zone.
' TA formatlon is limited by limiting oxygen uptake, and
TA precipitation is also prevented by malntalnlng a
hlgh solvent:precursor ratio within the react;on _
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

mediumnm.

On exiting the first reaction zone, the preseure-
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. . Preesure.reductieh
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




"streamw || c

5 containing feeds in conventional reactors. In a stirred tank reactor,
for exanple, this would include injecting the reaction nediygmyd 5t he

react or _.the liquid line in close proximty to the_discharge from
an agi tal?’g({’g%’y“é‘{sl er. Rapid dispersion of the 10 reacti onPﬁF&%S&’rﬁog‘ﬁ’n be

achieved in a bubble colum reactor by injecting the reaction nmediumin

close proximty to the air feeds. Referring nowto the drawings, Fig. 1 is

a sinplified$thenht i cBashgramiolst hevprbeessobtained wBepnybati on

accordi ng to oaecebedieRiin A ABSHE P56 ﬁéﬁ?i{?lytﬁ ?ﬁrﬁﬁ%%iﬂ%' {:hIQteh )
of terephthaljc¢ acid, althoug

described as it relates to t roduction C
the inventi osne?%n%pﬁ??%%%¥e P%a{’)ﬁ‘g %%%%E??B’ﬁ 6FP aPRaRgeisTedchYboxyl i ¢

aci ds or theiusisy eestanti shad uneshober £of . d26pdhei pyopasaxiysesarri ed out

by first fsorm ; | 1 ising solvent, i.e., _acetic acid
and wat ers, er;En ) o%%gr??oﬁé%:gfgﬁ/s ?S?%W%}?é%??cﬁe?%goﬁéd lJ?}élt‘fileam wi ||

conpri se a n‘i%}ﬁ@‘éo’ﬁ@lﬂk sFeEC ey, réeycerampse) vents weuddl édciodher |iquor |
and catal yst,id{der ddg éﬁ%(téacEE@ﬁt&%dEQﬁd§H§?t€hérg@h&$§558898 reactor,

line 12, and (iliag_fr,eshacet_lc aci d make-up, line 1 _ m xed feed
hEEpi Bahe it af Rt RBAPUALRY steethe, dEschamgenr), at

general ly di lfit@d agongerd £ 6t i Disel1oM WRkpyeUldspersBLhYberpeesent when

30 using 3 si$egé! etlcé)nvenéjl%lal oztihdati on reactor. Cgt-i‘.onali , but not

shown, control=0f cat alyat™™ cHHE Rt ratibaveh 1he? tPHRPLEe5et ™8R zone can be

achi eved by bygrastsdindggoineftime tlat atystttontmeai g DRt beeskiquor, line

11, di rectlygl%ﬁqgﬂ:#d Efaﬁgragp.f&_@#\/ﬁy 2005 WO 02/ 055468 PCUUS01/20109

am wi y _

The m xed feed stre | "general ave a tenperature in the range of

from 1300C to 160G cbased, on, the {eImsratpre, of of e

Yaggogs conponent s
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 feed stream However, the tenperature of the feed 5 streamis not
critical. The pressure of feed stream 10 is raised via a sg%ggghﬁpgunp 14
to a value of at |east about, but generally in excess of, 2, a, - and
the feed ¥OBAR*¥ s i ntroduced continuously and si nul t aneBGHU§IRH%a 10
first stirred tank reactor 15 with paraxylen.e, via Iline.1l6, and a source

of oxygen, via ling 17. The, supply of oxygen via line 17 can be air,
oxygen-enri ched ai rPSofgE fioted SHERY Herld gg8eraddy bage for exanpl e,
car bon di oxi deemperessent iial [hhepuaegkb o@x ¥gemn. 18ben thelsow,cefecoxygen

i ncl udes nitraqge r, g r..iner arrier. _gas, the extent . of cqoling in
the first reg%t?g% §§ng%§%§WrFs%§E5§§tFﬁélﬁgés GPeCEFE spVB%&Pa%Pﬁmchosen
such that thethgpdessr s¢aseni.n Hieweviirr stheesempemazome iof fthel fkedn, i . e.
the hydrocarber28,cqnt epfr of jthe vyapor is bel ow the Lower Explosive Limt
(LEL). When essentially pure oxygen is used as the source of oxygen, the

extent of cooling kh .t filtst ti.on,zone d.its _operating_pressure.:
are preferably _chgggnggﬁgﬁB?ﬁapff%%Fg FEIﬁvaggo%Spﬁﬁéée r&&8nf in the 25
first reacti ofuiéaleOptivondldl yo butvadoe shiown ileaBitgabolt,sbune oxygen can

be pre-dissol yededznect 5y i e On¥ha m X1.Rg Vi I
domnstrean1of§?he feeg léubgk%ﬁ% %gfa%QPgHek?gédéEg Egg g%?ﬁo%g?%égbe

pre-m xed 30 tRECEECEIaSORtBIpEaL Yanndi AiFEdteBEONALY EREOSHSt em

ei ther upserediret dewnstdearmdf rbaedopus ¥4cnOphiraRghbye, byt anot shown, a
portion of p~§&axy&%ne feed 16 may %%pqss reactor 15 and be fed directly
to second react'dr ~20. #Ffle *r 8EFFEn Cre GFURERNI ER3r &30Pt 4 /in the 35 first

reactor, without b assin%'any par axyl ene to the - 9 16 May 2005 WD
02/ 055468 PCUUSC]/%ETOguP ly ©of oxzygen via line 17 can be air,

oxygen-enriched air, oxygen mixed with inert gas, such
. as, for example,icarbbn dioxide; or essentially 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
pump. '

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



second reaction zone has an acetic acid:paraxylene ratio in the range of .
from 10-25:1. Best results have been observed for this enbg ?ren t he

acetic i d:.paraxylene mass ratio is from10-20:1. 5 In

portion g\%’]‘)&%@“ﬁ%axw en6 feed, i.e., line 16 in Fig. 3%3 K&

Figs. 2 & 3, is arranged to bypass the first reactor and is.fed directly

to second rea suj ting, solvent: parax e mass ratio in the

reaction nedi %’tnerq‘{on%gor %Cet]foﬁlr lsl)tOnree’acl.faos K 13¢ %s%/ thg\/%ar]tﬁ ¥1$%sponse to

that portion &fattive jpartaey | wareyamn o bypdssexs the fBast rasdotsorhawand t he

resul ting masgdat 'd?ad%éc?aﬁ‘ﬁg: val Uspddh Adif FANGE e URdQ J00: 1 The
hou }13

par axyl ene feed, |ine 16 i spersed fapidly upon entering the 15
first reactor 2HH PPEE B e A6 st bys ustany HimZ0of- t he establi shed

met hods for rapidly dispersing paraxyl ene-containing feeds in conventional
reactors. 3ln a stilny exksemkihrasactzopd;ias shavine ipaxtah@lam)oﬁzﬁemnt of the

invention illystyated & 1M n Jf,lgt hi;s 40 would jln 47% td rgg t;[]%of eed

in close proxrmtyto t he di scharge froman agrt ugh a
stirred tank PEEE@=9 FSHBRRIS THYy. leSfothtQ:lbrﬁleirtir&)rfaﬂd oxr dati on

reactor confi @lil’r@tdtql}s tRsiay Radssd 2t hsatishactQly results. 25 The
process is carrr ed in trie presence of, an oxi dati on catal yst system

whi ch can be K& (Si?sradry 1R Hoto gafediore Ssd iyue i
normal |y uged th&ncﬁurs;tseiemziteﬁc furiQm eraiazmt Mpweaheavy respingomounds,

such as, for o] aI nganese and/ or,_..3 i.rconiu onpounds. In .

addi ti on, the%)(f:%g %rttcicg1 tﬁr%ﬁ YL e éjyéfflso":}ﬁsda% rFOlpI?%irmt er

such as bromrﬁéct'Prre @atcalw rm@tualtenagnahase dattiion npryonmtaarh & aragelsy

remain in sol bl ol HAUEQI Ui ProRRsS and. Ak depauer edand Tecyel ed,
sh cata Ke-up a

foI | owi ng product [ ecovery, th'fre s d solution.
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 contalnlng feeds in conventional reactors
In a stirred tank reactor 15, as shown in the:
'embodiment_of the invention illustrated in Fig. 1, this
20 would include injecting the feed'in close proximity to
the discharge from an;agitator impeller. _ARlthough a
stirred_tank_reactorhis'shown in Fig. 1, other
conventional oxidation reactor configurations may also

be used with satisfactory results.

25 - The process is carriedwout’in‘the presence'of'an
oxidation catalyst system,-nhich can be'homogeneOUS”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

‘130 zirconium compounds In'addition, the cataiyst will‘
normally also include an ox1datlon promoter such as
bromine. The catalyst metals ‘and ox1datlon promoter
largely remain in solution throughout the process and

. are recovered and recycled follow1ng product recovery,

S35 w1th fresh catalyst make -up as a solutlon

10



10 16 May 2005 WD 02/6, 55468 PCT/ US01/ 20109 The feed streamto the first

reaction zone, |line 10, contains typical oxidation catalyst ﬁP@F ?ﬁ3;
(e.g Co, M, Br), but diluted by a factor of about 3 to 5 BETVe to
t he catal?@ﬂn@ehﬁéntratlon in recycled 5 nother |iquor frBGETHSOHIE

recovery, line 11. The «catalyst concentration is subsequently raised to
nore conventional catal yst concentration | evels when and.as solvent is
vapori zed and remoVée deecheideem toe thecbndstr easttbonzanee20. The tot al

t al t t al 0 adhnls C |
f?eal%StthrgligklégpPg%ﬁkB%%'g@%?ﬁ Eﬁemkhﬁﬁklﬁﬁﬁggfgﬂ a?”S?M%EPe§¥B'Ca y

concentration |ngthec§bcgﬁd Pééctpéﬁ didusedi by Pyﬁﬁ@é@tyOKlebonttﬁe range

500 to 3,000 ppmS Welkatihentesihg 2282198 ManpBhakacdbal yat-systemy the 15
t ot al cata yshlqgtala1conce tratlon inthe first reaction zone should

pref er abl y” be cont ol &4 %4t lSPeBFQPuFﬁaFeSBBEFYQ5@15%n%%#M/TB? good
catal yst sel egtiadiysit andceutmmtupn IBesayksdatbaniyeasikea ts hbghly

"exothermic. 2Q,0e [ Xyge t ake and solvent ratiq and
wit hout a neansnbfﬁgggn?% 8? §3§c 28 ﬁengﬁ3§ﬁ88t98Yei?eﬁ £ oR"Cofd raise
t he tenperatuﬁ816?n¢hésfWﬁ@@rlﬂeécﬁndnrﬁmdvad1bmeahaaMUEnhtgeeSethﬁﬂ t he

second react@éa@@ebeteaﬁetQﬁpef§her%o€9§/8£tgiggﬁ Lhaps210' €. 25 A
rel ativel low firs Iragactor exit tenperature | d%3|ra%Ie to mnimze

sol vent and pr&t&fs éQPedBt tBR firstercaphiny apmetwibli hvpacelipl vent

f1 ashi ng as thée pnessur eaftet Deoreacti 0noMBPhURYHS LSHERY ORceNtry into

the second re one he first ction zone 30 na therefore include
a cool i ng CO|?8&§9gr meF%; sSﬁﬁce8Fﬁ@€l?ﬁte?nETeo?e%&T rR&tCheams for

renovi ng heatZﬁﬂ@nWlﬂhetypacabiy(amd irathé onangdi 300 t® BPOY® opphhe exit
w/w. When using a Co and Mn metal catalyst system, the
15 total catalyst metals concentratlon in the first
-reaction zone should preferably be controlled at
greater 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



tenperature of the reaction nmedium bel ow 210' C, and preferably bel ow the
second reactor operating 35 tenperature. It is inportant tha1t6|?| 200
tenperature of. the coolant is about 120*C or higher to preven co?d% 16 Ma
2005 WY895t%es PCTI USOI /20109 spots from forning anECT"é@ﬁﬂ“i“i’Wg in

| ocal i zed precipitation of terephthalic acid (TA). M ntaining the supply
of oxygen to the first reaction zone within a predeterm ned range and 5
control i ng THEExT ¥ chpBraRarand ceearising chncbacahited and resi dence

tinme of the peacipdinateehUST fBKEShikaPOSSLIPI® tealinit the uptake of
oxygen within the reaction mediumto a value which is |ess than 50% of

‘the oxygen requirggsi {05 Aphl coOVEY Pﬂ Of 5% 49 Pargxyl ene to TA. Th.us,
according to the jnvention,  paraxylene is C Werted rn fifrst reactor 15
primarily tOCAEETR oF PR% Wi Esin sycrrede e ol ned detyde, apdtoluic  acid and

4- CBA.  Undercdrhier slESDA ¢ bele pERLESSeriotd i 005, cabd gt fective exit
tenperature control 15 t first reactor will not” produce any solid TA.

he ! _ : :
The reacti or” AT UM BXF TF iR F i TRTLF00% oF 1% 95 CRRJTGRGLEPAEMTIIEB a
‘'second reactimrkes it .pooxildbd i om 1zene, 120, uptried, o ASoghg¥A, wCanike a

conventi onal Lnpou irred tank reactar.. Sinultapeously, the 20
pressure of %l}lee?é;ata%:tl onsrhn%%;f%%f:é% T edtrcty ¥ C:‘:;\}’vja? uggsf‘ng?ﬁ’é %’éﬁge of from
1,200 kPa t D, B00 ®Peyerpsrequiosedt i bed fbbl e;opressice oEdunéi on can be

convent et | Yoa.a6eprild shedry PRSA Naddie-dgarti g gdidgLipigah one or a
plurality of pressure |etdown valves or nozzles 21- osrtroned about the -
“periphery ofP AN P RERE tathelnt et orr sl e 18 Brépersdd rapidly
by injectiorto iTH drifeggid adess | Rl &ls g onbedonabe bigyidikine  of
the r eaCt-Or 'aCFir&)CaeIlsC? f__OéEH:[ I Q[Pr?de"% ttq!len c{eesac?giobredzop’)rocess |
conditions, ‘with 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 firsﬁ‘reactor

includeslnitrogen or another inert carrier gas, épent

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

12

-



|

i.e., tenperature, pressure, catalyst concentration and, '30 residence
time, are within conventional ranges, although oxygen uptakq % ced
for reduce& oxidation intensity. Wiere the source of oxyg tC)¥ e flrst,
react or VPR74¢ nitrogen or another inert carrier . gastCYBEH{01085 of
excess air fromfirst reactor 15, line 22, is mxed 12 16 _May 2005 WO
02/ 055468 PCT/ s 01/2 109 with a fresh suppl of air or oxygen-containing
gas, |ine 22%* RESReSHPPLKgOhi %48 ?Eeﬂxgagnsﬁﬁéﬁﬁipéngl%@$oduced and

rapidly dISpeISEd Eﬂbo the eractesnltiBgiHikéd $66QNgake3etOim20s by any
ent or .excess air fronlflrst r eact or

conveni ent Alter ativel
15 can be fedfﬂ?¥eggfy t 5" on68ﬁ§¥¥ §£3%§r§ﬁ%mhn tQi BhRoFRRE TP he 22b, with
excl usivel y fm%@humlLnosecoxﬁgeaacboraiﬂlhg gag benngniedttmesesond reactor

o vy s EELRRRRLGEL) | OONE SLULLYMLIILD A0ohCRCLOL 20 Anc ! O

be recovered fromthe rea temvra UuSi Ng~ convent i onal

net hods. F@ac%%?Ct6§eﬂﬁe&énvhﬁofeﬁr@hi?@hbrotoZoondhn@hrmiﬂIaﬂe@@@nmrlIy

contain sone atgetdstaehd1and »aberyits @£893Q§€Qly'§re§9ngffs§f 24, and
nost of the condensate is. returned, 15 i.e., recycled, via [ine 12 for feed

st ream make- UpFYB"RT FPEFA LR §7S %elﬁgp?%%oF?l%ﬁcﬁmdtﬁ%aéE%¥l%0aC|d and
wat er condensat e streanliso called water draw off) is diverted to a-
sol vent dehydrati of®syslénPEeciphbyecthe fommer stureacvibhinOptional |y,

but not shownre&c26rpeut i 8AA0L tt ben COPTEAsEtEr BRY £ bEm T €H YT PEL- {5 T €act or :
20, to the reactor headspace, %gla a reflux slinger, and/or to the reaction. -

zone, via a separdfe’tBed PFngS BFIRY %?&Y?EF%W?%@t%%t%9@§tlrﬁF#%%QFstream
line 19. Fi g.o®eriseadsiapbifisdnscéesudi c20) aghashofitl 25c@seir£ry ed

. enbodi ment Ofcéﬁ%éiﬂvggﬁEOQCegbg gé{g and water, 1s condensed via

condenser 24, and 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 embbdiment 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 radial‘mixing of the reactants occurs asAthéy
- flow through the tube orrcohduit. The inventiong
however, is intended to embrace any reactor
- configuration which approximates to.a plug flow

reaction zone.



reacti on zone,

i.e., first reactor 30, according to this enbodi ment is a

plug flow reactor. The term"plug flow reactor” is used hergi a%%O%?f'ne a

general ly_ el

t hor ough W 9d4%41°

t ube or condui
reactor confi
May 2005 WO
Fig. 1, feed

sol vent, recy
react.or conde
via line 13.

in the first

catal yst- con
20. The suppl

onqated or tubular, reaction zone in which ra&;
ff xi ng of the reactants occurs as they fPSHUSAFEIGh t he
it. The |nvent|on however, -is intended to enbrace any
i gur at,i %ﬁ %pg%OX|nates to a plug flow_ reactign zone. 16
02/ 05468 £ BYe AL DIESEREFEG OB Fifonhectf6A wit h
S$reemnﬂD01BsaamﬁkgddféeédsSkéeﬁnbem@aﬁBih@g (i) recycled
| i r._and cat st ia Li.ne 11 ii) second
T8 YRt REnR0 e B ROk KR, il OE nalt o) orooun,
C@ﬁﬁﬂ@ﬁ&blWiabdﬂnﬁoﬂlshéﬁm) senbndlreEC¢aKabpsdenea¢entrat|on
veachiag 20ne ean (l%)ag?bgﬁegc% YRS RAKROMR, ol iLhe
react or

alnlng mot her uor y to second
i8f oxy

gaseous oxygeﬁatIMQsﬁl&QﬂcE@@QaEibﬁaﬂhWthE generahkb¥chavg aonkepperature in

t he range of

make- up streaRs. %Vegnggf FBngﬁﬂgtEQm?a

om dependlngson t he tenperature of the

etbf 5BLELYPA0*C has been

ge@ﬁtﬁopﬁﬂéyenﬁéﬁlﬁ@ﬁtShOWﬁneCPﬁaroﬂSOéssentlaIIy pure

found to be suhtabhenbomothetiaangrthelﬁéldaLidmreeaQyiQBSSecBh@ pressure

of m xed hped
generally in
pressure is c
via |line 17a,

reactor 30 as sho®he Theedi feddf sedeatr eall Wythediaddgl vadeoxygen is then

SrasteTor 0 2 oo bR By kg iphaRre tBurp PR SREARE s The 20

ﬁé§@n1?éreﬂ§uﬂésﬁh§@aély pﬁrehgagaseausxygxygen i nt roduced
W ll be-readily dissolved in the feed stream ahead of first

fed sinul tanepusby apdrconti pHOUSLYENLE RLYY 130°c to 160°C,

-1y

20

25

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 pxéssnfe 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

30

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

R



25 floweactor 30 with paraxylene being fed via line 31, and the reaction
is initiated. The paraxyl ene may optionally be pre-m xed MAQﬂM€f26£§ aci d
solvent and the mixture fed via line 31. Optionally, .as descri above,

~a porti o8Pyl ene feed 3,1 may bypass 30 reactor 30PEHHSHEH&(
directly to second reactor. 20. In cases where a portion o[ﬁparaxylene feed

3l is fed directLy to second reactor the resulting solvent:paraxyl ene
mass ratio i n"th& raaXFiBﬁ ﬁEngﬁ1Fﬁng?h8ffﬁF§F PlattoP WPl Yahegsisin
upwardly in rekBponsrgtooB510bal padt eeBnohiherpar axyl ene feed which ,
bypasses the first reactor, and resulting mass ratio may, therefore, 14

16 May 2005 WO 02M8155é@§rpgg&§§£1igoéggsbﬁaga anVehdent Refihg.Lange of
from80:1 up tngaIues in the ran e of 100: i+and even hi gher Ml ecul ar

oxygen is dis36fVed PﬁlPﬁeaHVXSBHF Baengt%ea 08i Hyx 4Ry %%ﬁ%%%l%%tt?n li ne
m xi ng devi cea8Bitwve 5 achtemtrattoncent aatsobvedi dkggehved oxygen in the

m xed feed st 0 % geV|ce 33,,.coul d_ be, an l'i ne
nozzl e arrangﬁelgngi %?gghggﬁga%xygen N% v ¥t o t%ﬁx+%%dd%Y+%%n$9ln li ne
static nlxersCOFh@tth@mn}ncéhnalBQZbéep@srangaédtupéisehar@é dxysén 10

reactor 30 todiﬁébtl%aiﬁtm %Shegfe!ea 's%xfé!arﬁo p?ﬁswﬁs @Egeig'rﬂgxé&the

invention to stage the introduction o I ntroduce
oxygen at a pﬁﬁ?ﬁl???wﬁf F%Ea?iéﬁsbalBﬁ@lﬁh@nPén@Pﬁtr%¥mf?fsfl¥%hct|on zone

30. By stHyi ngeaxygen3dScbnfeetionatéhgigexgum | ocal oxygen concentration
is reduced, and this, in turn, permts a reduction in reactor operating

pressure. In practigeisfgedos 6§§ﬂbi@ hécéf’glh?tgoptﬂg :{1119¥‘I'1tic?x‘?ct9r 30
si mul t aneousl! y. and cont|nuous g with 20 paraxylene to thereb orm a
reaction medi 3hi%h WRE chntroduction. of oxygen, i.e., to 1ntroduce

the oxygen at a plurality of locations along the length
of first reaction zone 30. By staging oxygen
- 15 injection, the maximum local oxygéﬁ'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 prefetred
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, 1.e.L less

than 6 minutes.

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



the resulting solvent:paraxylene ratio is at |east about 10:1, although
the sol vent: paraxylene ratio can be as high as 25:1 or even16l}‘4 hg&o I'n a
preferred enbodi ment the solvent:paraxylene ratio is in the 52_5 of
10- 20: 1. WG/ Ha#8e time of the reaction nmediumwithin pl (RET/PSO12014
reaction zone 30 |s reI atlvely short, i.e., less than 6 mnutes. The
reactor 30 sflf 2 j S sheII and tube 30 deS|/gn “The reaction
medi um 1 ows JH?"B )cub%stak%ltF‘é Rt AP E Y/ peesduri zed wat er

(PW, is intblndlttﬂﬂglmw}télamé‘&l@ils s€elgmwhere it boils and is renoved as
steam (S). A small water purge (boiler 15 16 May 2005 WD 02/ 055468

PCT/US01/ 20109 bl onkloweryfiBat ord AENcho GO Ay I VAL eBLdug; cbul | d-up

in the water ts%bstem The tenperature of t eacti on iumas It exit

first reactor § reactRy mt Qi e B iow rerd re oy ab eyt S2EQH Al 1 i ng t he

pressure of tdwnipraidiiceg Siegitesidre heNGend tSrd /M altk g, GRRYrol ling the
process parqpeters as descrlbed according 1o, the invention makes it

possible to I'mt He® UpPEE DUy gerP i o i ng H?Pr T nedi umin the
first reacti mm&ltﬁ aaﬂ@wsatr@adhmatnmsdzlmﬁs:d hare S0Woitide oxygen

required for pfudd c,p t riﬂ?‘y 1L JA o JhusS axylene is-
converted in first T ctor &O%chh n]gl‘r%lllféJl 0 s eréeoux%?%% Wisjg}éﬁ as - _
p-t ol ual dehydde d’-@nftﬂﬁﬂl%'l 1’%&9%@ 4UGBAflII§mje"reat¢1elQiemm¢)e’cbpaocess 15

condi tiong, wdieffisidi s tRIPeratl & e Oclhé)foﬂbeén {POg gL UM as
it exits first reactor 30, the first reactor wl 'iplﬁl uce any solid

TA. Al t hough ZShdINHE UL T s Ry kans st%%vn i g. 2, reactor

30 can be anpmsdxdydlre: rieaci@iverted in first reactor 30 primarily
to TA intermediates, such as p-tolualdehyde, p—tolulc
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. -
Alrernatively, 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



20 design with optional heat renoval and optional nultiple oxygen
i njection. For exanple, the reactor can have nultiple tube.@ﬂ%%f§b0§Mtt1
oxygen injection into the reaction nedium upstream of each tu pass.

Al t er nat iwebyessassback- m xed reactor, such as, for .25 exeopisni/zaioe

punped, circul ati ng | oop reactor, can be enployed, with oxygen injection
into the I oop and heat renoval fronmthe |loop as illustrated™n Fig. 3. The

reactor can atsekCo8RELSE.a sgmugaaﬁgoﬁgpyedtgé ggesggggegfvgﬁ§els w th
optional oxygen %f#ggt#gﬁ%gﬁ stream, 30 _of each yessel. The reacti on nmedi um
S C

exiting plug-fFd fBrrgﬁuFEdeﬂ 9i %2 Fﬁelﬁgtﬁg 82827 i Bkd above
i'n connectloﬁrmmth 2he pPaecess2eiModikprent Bhewsura Feguctionteam s€cond

reactor, i z h n.be a
conventlonal c%@ﬁ%ﬁ%ﬁ%gg ygggPFEQé H%% g% ﬁ%sséﬁﬁ 9M€If8%f650168
PCT/ USOl / 201092 4#R EBaeush. Osﬁngttanebus&¥ltyhefppessaueeolEt@ewnreact|on
medi um i s redigegles 0o M%E§§ebn2§h§o£§99@n9é %6951@h%08e55?hégyt%900 kPa.

Pressure reducti on can_be convenjently acconplished by passin
reaction 5 neH?%ﬁF?ﬁr%BgWhﬁﬁ@ 6rt§epF9@%F%@9 @?de@séﬁrélﬁE?H%ﬁﬁ val ves or

nozzl es 21 posapi@nydbgbmugebh@oﬁeinﬂbeaﬂ ofitaeaet Ohpdlluherehyoh he
reaction nedlugl Ehsp rsed api dl P ion ipto an agitator

i npel | er region ~Pe ?ﬁguﬂgqéﬁgelPﬁe %? %@c 85CtoPr°ﬁ?8§ess 10
condi tion¥ withhaireassowilini reactoenperai uee, tpmpssaterecatal yst
concentrati on,-aod, f S'QSEﬁﬁggknﬁon?éﬁ€r d%@h” SQVEOLE 80AL. T

al t hough oxyden uptake 1s reduced ced oxidatron I'n en5|%y A fresh
supply of air2%? WkyBén- cepvanhinpayasangas, | ahehopgh psygerrepteked and

rapidly d;Spei§eﬂed@&@dth8r k@a@&éanoﬂﬁéagf&ﬁnlﬁgéﬁgﬂtyeactOr 20 by any
conveni en

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‘precipitate 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 sgparate feed line

or by mixing with the éxisting'féed stream;'liné 19.

17



means. TA w Il precipitate to forma slurry within reactor 20, and it can..
be recovered fromthe reactor 20 systemvia |line 23 using ngbbﬁ]al

met hods. Over head vapor fromreactor 20, which will necessarily “contain
sone aceQ@VHeS#8and water, is condensed via condenser 2BCT/HSQV2808t of the
condensate is returned, i.e., recycled, vialine 12 for feed stream
make-up to 25 . first reactor 30. . A portion of the acetic acid and water
condensat e stWia ISochalled Water draw off) "is diverted to a sol vent
dehydration systemto renove the water of reaction. Optionally, but not
shown, a portion of the condensate may be returned to-reactor 30 20, to
the react or headshace® R¥ecess efdmxpmddunery a araiflorxytlold leecidant i on zone,

via a separate-d eegh L] j Xi j exl st e tream line
19. 17 16 May 2005 é%@? 2?%%€%€ghéégj T SRt &, DIS 1. A
process for ProfeFRGRElBarPBRGEFEORcHY drsolvenkesierediedatrdytae |iquid
phase oxi dat izlipia®id €QFHESPOIEi Qi B’ LW SXn i Forsol vendrsehpcted from
an aliphati ¢, LA box%l I, C a:ﬁi or atnon-ﬁbi’ phatjc _organic acid, said

sol vent. opti oHatty THEE BT hYE Nat E LR THrr AR WL £ of A FlY a feed
stream conpricmrsetyent 10 and oxi dation catal yst at an el evated.
pressure of at | east o] 0 Pa;_ (b)..continuaously. and sjinmultaneously
f eedi ng 81) t he fe_ed(az)?rgaonli%m%%o %a}ﬁf%rg’etcruerasr%rcoamﬁcfj(%’)nga s%u‘bepl? of
oxygen td%a fAndtorbdetion corelyst fot mm dbvaaed imressdgienet ewhi ch the

sol vent: precusdiy rabde i 8, obd ithe, range of fromat least 10:1; (c)
limting the uptake of oxygen within the
: (b} “continuously and simultaneocusly feeding

&

(1) the feed stream, (2) said precursor and (3) a
supply of oxygen to a first reaction zone to form a
15 ';eaction.medium in which the seolvent: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 simultaneously 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 _2,0Q0 kPa further compriées: {a} within the seccond.
';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 ' ' |

18



reaction nediumin said first reaction zone to a value which is |ess than
50% of the oxygen required for full 20 conversion of said pigagsys®s to its
correspondi ng carboxylic acid or its ester; and (d) feeding the Treaction
medi um t VA OYBEEHd  reacti on. zone while simultaneously reBGEURY20HE
pressure of the reaction nediumto a value in the range 25 of from 1,200
kPa to 2,000 kPa. 2. The process of Clajm1 in which feeding-the reaction
medi um t o a second-r eBeEi BROSRHR ﬂﬁl¢%al%lhuW@%%%oh%?%u@%ﬁug?%g t he

pressure of tBadﬁea@hh@nstapdbﬂnr&@oaeyahgeth@ theurangg ehrbeeylic200 kPa
to 30 2,00.0 kPa .furth g % mnthl t he Eecond reacti on zone
ZERn th

vapori zing a B5rei 8A 6$rtﬁ§ egﬁﬁ?n n"tRE“F BYcE B medi um  (b)

renovi ng the vapor fromthe reactor over head; . (c) conden5|ng t he vapor;
and (d) recycling®sonB®rPEPFess PheClaiMensupich ol RREUA8E FR&J stream 18

16 May 2006 M@10210025468=pPCIEUSELL20100g Bhe ThesplecagscakbEkaimrl which
i ncl udes the addi,tiona ste ringcggg resu%tlng carboxylic acid

of _.reco ﬁ
“or its ester ?F%ﬁ]?ﬁe 8con eFeQE??oﬁ Son THRECpr8Ced8M6f C aim 2 which

includes the 5 additional step of recoverlng the resultijng cabbox lic acid
or its ester fronPthe g%%oﬂﬂo?%%%tPBnc%%ﬁ% 510 THRIBROERESCHFPEXRIHTL in

which the carbexyl ie taeeghtBalecepbibal theaprdcukberpiecpagakylisne,
par axyl ene, . ang %ge SQ ven% LS ace%lc actg. 10 ~6. A process for producing
t ¢

a carboxylic acrd-or °F &f By catafyere 1iquid phase oxi dation of a
I|phat|c car boxylic -

correspondlng precursor in a sol¥ent sel ected froma i
acid or a'hon- alléhati% Bfganre aﬁlﬂrogﬁFﬂngo?v%ﬂFb85¥ dfafFydi R8I udi ng

wat er, -which its ester by catalytic liguid phase oxidation of a
o corresponding precursoi 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 sald 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 'carboxyllc acid or its ester; and
| (e) feeding the reaction medlum to .a second
feaction 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.

.19



. the range of

15 conprises: (a) forming a feed stream conprising solvent and oxidation

catal yst at an el evated. pressure in the range of from 2, OOQGq@aﬁgnng 000
kPa; (b)_ oxygenating the feed stream 20 (c) continuousl ‘
S|nultaﬁ¥8&é8 Mfeding (1) the oxygenated feed strean1aéGT@§9”§ﬁ¢U
precursor to a first reaction zone to forma reaction nmediumin which the
sol vent: precursor, ratio is in the range of from 10-30:1 and reaction
products are naiﬁtainEBeiﬁrogﬁséoPﬁtPgﬁlasﬁtﬁé?réﬁé faiAedizEl) liniting
the uptake okeaxygen wohbi dst Beplhgagtioan reRditum bl sabdcki-gketieaction
zone to a va#ggctggich is less than 50% of the oxygen required forful
conversion of saird precursor to its corresponding 30 carboxylic acid or its
ester; and (e) f edinﬁ the reactign nmediumto a second reaction zone while
si nul t aneousl y rgduc?_ﬁ PREcepFessuréadn fneny whéthoAeRddngm-is a value in
the ranges otehcomioi, ﬂeal&matbOaZsaaen&Paeaci90£6zwhﬁ 2863 WO 02/ 055468

PCT/USOl/ZOlgg 4 TheOBrgcess of rein s%lgﬁglrst rreacti on zone

is a plug f1 oW FehdfsPisiYa fﬁg&ﬁlﬁﬁxgg] PéﬁEFBFe 8 BF8EELET0f Tl aim 6

|p whi ch f eededgumhéo B reduki dn trbdi uanye afsécomdin @86t kda rone wh|le_
S|nultaneousb¥obgdgghnguﬁggegrgggﬂ&gSQEPthqareagghgﬂ tﬂ%d%%%b% a value in

rom 1, 200 kPa to fu t her rises within the
second reacf?%ﬁtiﬁﬂeZVQBoFﬁ?Pﬁ@ZanﬁoﬁtP@ﬁtépntﬁé sbevertlvedtpresent in the

react|onuﬂedpﬂéﬁeﬁb)lﬁeﬁﬁélﬂ@abh@oﬁaﬁeﬂluﬁroﬁbth%eh%%&hertﬁ%e%B%%Q (c~

actoxr overhead;

- condensi ng tge vapor; reand &d recyclln%csone or -all of 'the condensate to

t he conden51ng the vapor;
and {d) recycling some 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 vélqe'in the range'of from 1,200 kPa to
2,000 kPa further comprises: (a) within the second
reaction zone Vaporizing a pdrtien,of the'solvént
- 20 present in the-reaetien‘medium} (b} removing the vapor .

. from the reactor overhead; (c) cOndeﬁsing 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 7ewhich includes the

'additional steﬁ 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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" reaction zone. 386412.

feed stream 9. The process of Caim?7 in which feeding the 15 reaction
mediumto a second reaction zone while sinultaneously reducigys 5
pressure of the reaction nediumto a value in the range of from1, 200 kPa-
to 2, 000VRP2/055e/ t her conprises: (a) within the second PEHEEIIRG1®one
vaporizing a portion of the solvent 20 present in the reaction nmedium (Db)
removi ng the vapor fromthe reactor overhead; (c) condensiig the vapor;
and (d) recycling3sontherPaPress pReCEédhdehsahicholinpeudesethetream 10.

The process ohq@hahn1weiked iorckudesethfy2bhadditi,9RahgSteprekygeovering
the resulting carboxylic acid or its ester fromthe seCond reaction zone.
11. The proce8§t8f 8 &Fm PSWEEchTPRcFliBeSSFRBS LBAFELBRaFCREep of

recovering the resultin% darboxylic acid or its ester fromthe second
The preeess of Claiw 8 whi ¢hirhcrbdesarhexyhiidi ti onal

step of recoya&hagighee&@%uhhbmgccae@axykhe ackdrebri 18 Btgkyienm the
second reaction zgge. 2& 6 . May 2005, WO 02/8~5468 PCT/ USO / 20109 13. The
process of O &P'fh §"GhFEHVERL ddedCBhiCadtiti onal step of recovering the

resul ting carboxylic acid or its ester fromthe second reaction zone. 14.
The process of Clairm 62i REGREER £RE eakpdxyircliguadi Ahpset erbpathani c
acid, the pree#rparakyipacaxyl ango1vand tBRpsokyanlt abetraeetbedaghdenld. A
process for‘catal¥tic | i quid phase oxidation of paraxylene in a solvent
conpri sing ac&PTB 48Fd which conprises: 10. (a) forming a feed stream
conpri si ngp.sol vent aid) oxifdating eafakysttatadncehpyabedgpsessane in the

rgnge of fr0nkgdoggiHgtﬁgnzgaqggyggaét an elevated pressure in the
| range of from 2,000 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 or
all of the condensate to the feed stream while _
recovering the resulting terephthalic acid from the

second reaction zone.
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(b) oxygenating the feed stream .(c) continuously and sinultaneously

feeding 15 (1) the oxygenated feed streamand (2) said paraﬁzMgggo 0 a
first plug-flow reaction zone to forma reaction nediumin i C t%e
aceti c WDd2HaaXylene ratio is in the range of from 10PrE37UsStanaior eacti on .
products are maintained in solution as they are fornmed; 20 (d) limting

t he uptake of oxygen within the reaction nediumin said fiFst reaction
zone to a val ue \fdi.chlhe keseeckkar5Q0%wmatn tihe Cyage® aquy=aa, fig-ful |
conversion o hd |l ene tq terephthalic acid;. .(e)  feeding the
reaction ned%&%??blgégg%%ﬁﬁt%fS%dF%§&FP8ﬁ f&ﬁ%’ﬁﬁ?ﬁég§%ﬁﬁfﬁhﬁbously

reduci ng t hePopitéssucd dihet pareeydenen fredi dimdo saivalfiesitn ndwectriange  of
from1, 200 _KB@nTeQ t& %%Q&<Ps%-c_o%err%@étgoﬁor %‘n n v}?lfertelﬂﬁ/ 39! Vel dresent in
the reactjon nmediumis vaporized; and , 5 () continuously renoving and -
condensi ny t RETN BFF2Emet Feticadnosaddeficad avaatesyddney sone or  al

of the condensateatest ke keedistr gamewhiclse LaCo\%.aring the resulting -
terephthalic acid fromthe second reaction zone. 21 16 May 2005 WO
02/ 0- 55468 PCT[USO /20109 16. The process of Claiml1l, Caim6 or Claiml15
whi ch includes the additional step.of diverting a portion of the :
paraxyl ene feed fromsaid first-reaction zone to said second reaction zone
whereby said acetic 5 acid: paraxylen,e ratio in said first reacton zone

increases to a value in excess of 25:1. 22
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