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| NVENTI ON The present invention relates to a nmethod for increasing the
rated capacity OMEBH@DNHRRcINCRBASINGI ONIDATIONC RBACTIEr @RpAUCITCONar | y, the
present inventionis a ' nethod for dggghk&gqecki ng a comrercial reactor
system of the type used for catalytic |'1quid phase oxidation of paraxyl ene
*to produce terephthalic acid. Practically all terephthalic acid is produced
on a 20 cdmerci al scLZROSS REFERENCE TQO| RELATEBAABPLACATEONdat i on of

par axyl ene. Commercj al processes use acetic acid as a solvent and a

‘mul tival ent heavy HEt8l *BPLHEAEIOTaS 1M RitiomdvalRengid treafydhes®. are t he
nost V\/ijel y usadeh]?a]?ppﬂﬁb&k_i@@f &le)tii'fa&h MNMbd¥ QY /f)%li,se_ 120 w%ch ag, a

renewabl e source 0 radjcal s jn the pracess., Acetic, acid, air

(ol ecul ar ox';%agﬁf,rypgﬁg%l gfne%anga&&t”&l YRR R StinudINIBeT nto a
back-m xed oxbd@VEOn4E6actiaed hat Jasumivitained . romaHG do: 3 225C and
1000- 300Q kPa_(i.e., _10-30 at & The feed acetic acid: paraxylene ratio is
typical | 9 es¥ th§R/757V\é5@2/f ed184P Penarso £ 0lgoed I5:.curmntly added to
the reactor ipenABRHBts in excess of the stoichionetric requirenents for
full conversion of the paraxylene to terephthalic acid to mnimze . 5
formati on of undesirabl e by, Sl ol or _formers. The oxidation
reaction is exothermc, andB k %t—rs ?,lgc”%ﬁ#\ OHE IR r eact or by al | owi ng
the acetic acid solvent to vaporize. The correspondi ng vapor is condensed
and nost of the cohBénbaeeens Aaremkddn: aetliad eF0 trreactmmthad thrsone

condensat e beingréhthdrawnet @600t 'E:%ba‘é@tt?" SFONL il AR 1 %déi*?f‘atsiy em
(two nol 3% of water are forned nol e of paraxylene reacted to
|

er . , ,
t er epht hali ¢ 5%?8?.c’rTheMPE&cPBFerlé’élil&é"ﬂé’e % RXESERS daveptiemiifutes to 2
hours, dependnaghod the #@&bptatessckieperdiddghn@t @ 4ldatd=@it dreastdien

operating condiktiQQs g e ratur cat al.yst. concentrat.,i on .and
resi dence ti ngf {éﬁgnlt can eéegggd% :l!‘gﬁliy(t):flct d LG B S S r can

occur, which,ofnpagexyleas tacpzasitcehéegephtdialdperatidng t he process. 20
The effluent, i.e., reaction product, fromthe oxidation reactor is a
slurry of crude tepepbthakicyagid EEALpEtYSHAlS dcldaee! ifvRRicdd An a
significant and undesirable_inpurity in the crude TAis

4- car boxylenzaPEBAYE&2 L 4SEBAR, PRhicekaly tilge orplatiel pheswsiedi 2dd 25

par axyl ene, h . R- 1@l and ~p-t al uj.c ;aci | sq, be present
along with uﬁ%;égﬁg%ggffe? %gl grgkggpzngr%se Tﬁglr%ﬁ%lf?rl%lo%r%rc%%get%e?lespeht halic acid
crystals is facehec pcodessed felvgnt pudi fai edh Ly vpdehaxindatviyomearad/ or

hydrOgenatlOngraﬁgtgfgoggrggtg?ygtl b%obalt and manganese are the

most widely used heavy metal catalysts, and bromine is
25 used as a renewable source of free radicals in the

process.

Acetic acid, air (molecular oxygen), paraxylene

and catalyst are fed continuously into a back-mixed
. oxidation reactor that is maintained at from 175°C to
30 225°C and 1000-3000 kPa (i.e., 10-30 atm). The feed

acetic acid:paraxylene ratio is typically less than
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30 filtration, washing and drying) according to established nethods. ' The
present invention provides a reliable and affordable nmethod to increase the
product i OVO 02967ty of a conventional terephthalic acid pPEEASEI/B8P/p to 2
WO 112/055-11 7 PCT/US111/19960 100 by increasing the capacity of the

i dati t tem. i_..e.,
Debot 1 enecki nuTs Athi bYed dEtoF b

"debot t| enecki ng" the reactor system
ﬁget GEBREOS PRy EMAUGH i Nefeizassvel y

staging the oxfdehboBtbeastbRBtYtkl z2h0g ramkhkst f%%?fftdl‘in FMordidy oy fiTst
) g

reactor, followed by a second reaction zone, i.e.

h. e existing,

conventi onal ?eath®r P2 SENMNARYE OFOTHEr ERVERTILON 2@ iTheopmesenti Zenvention i s
a met hod tor | LRg.Eh kgQn, capacity of an oxidatiaqn reactor for
5 fé%ﬁ%ﬁ?bﬁ ok.gn888998§i8 b¥x§F8H8¥tﬁ’fﬁP B2 &N

-catalytic liqui

ase oxl datron of par Zzone, Or

first reactorfoimepssitTbaedxupatieancebcthencoBvenbit®RramileagtRy, and the
method is 15 accon:ﬁl i shed accordi ngbto t he sequential steps of feeding the
[

‘reactants, iHdtgad

9 BeRaVedof 8oBofhenFeaGkPENbYs 2dderiadading, acettile fir st

reaction zoneidaid eboyabed Poeosybe; sber ehhe! B8 SALKERLITA L Ly &y the

acetic acid: paraxylene nass ratio) and the upta

Y9

control | ed shdepsednyndenepht bfil theacoddehsahef asne ef@mRieds tion t3@ ut i on,
and thenlgeecggagcthe resgrllti nrg reacai on med'h%m to the second, i.e

conventi onal , ox”%%fi on*reéat

e PFONCOBARNSFhE REFREdWEbRATEAEEs 025 (a) form ng

a feed streamaonpsl sifige ACbhEeREF St 884 OXi daLi QgsEéPna' ¥3b @Bl% prgssure
00 kPa: (b)

in the range of fromat |east about 2,000 kPa up

o 20,

oxygenating t1f-Sectret feERed (Rgr coot ¢ nebuskyasndesknukeatedusby feedi ng 30
1) the ox . St an ) xyl ene.to the first reaction
e e 58&?2' i ﬁggﬁgoﬁcé?%d%?a: baP&xyFene nass

zone to forma reaction nediumin whic
ratio is in ttheienbey 030 fmommtids 260 12 Bour¥D 82hHL881A§ BETLHSOL/ 199Q0
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process. Depending on oxidation reactor operating
conditions, e.g., 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.

The effluent, i.e., reaction product, from the
oxidation reactor is a slurry of crude terephthalic
acid (TA) crystals in acetic acid. A significant and
undesirable impurity in the crude TA is 4-carboxy-
benzaldehyde (4-CBA), which is incompletely oxidized
paraxylene, although p-tolualdehyde and p-toluic acid
can also be present along with undesirable color |
formers. The slurry of crude terephthalic acid
crystals is further processed (e.g., purified by post-
oxidation and/or hydrogenation) and recovered (e.g., by
filtration, washing and drying) according to

established methods.

The present invention provides a reliable and
affordable method to increase the production capacity

of a conventional terephthalic acid process by up to
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(d) limting the uptake of oxygen within the reaction nmediumin said first
reaction zone to a value which is |ess than 50% of the oxygen required for
full 5 cHv@ereiseY of the paraxylene to terephthalic acid; PCEUSPEERPhg t he
reaction nediumto a second reaction zone, the existing conventional
reactor, whil J nul t aneousl y reducing the pressure of .the reaction medi um
lﬁq?’er%'%nlgrécﬁ?a?¥8% ,806gR§81F§ ¢ Eé?oW%Fl@GGOIE‘Pa.

to a value in
Terephthal i c micksessystag, f 108 | heqspeerdengakihgn z@Re rRich 8
typically a slurry of terephthalic acid crystals, Can be further processed
and recover ed YatcOr di ngepet hhgneskieai éat apbiRvad 25cThidipcetter e acetic
aci d: par axyl - i,0 .Rr.O s gperability is .from
e e "By 5o EEPREY s PR Rt RO E8RE NS Fhateg o
val ue bel ow 300 lofz i ax§hestreqactednf ponkyl b . e0NVEL s8N r@hclhe,

par axyl ene prfeoient to 20 terephthalic acid to prevent si gni ficant
quantities off FFAPERPLY oF nBB-ARY EBRTHECReRRBCpr écPpi t &hed exTr& idgygen

upt ake W | | prafesadiyndierbfcthe. range of from 30-40a of the oxygen
required for full conversion of the paraxyl ene present. 25 Oxygen uptake in

the first reaction zone is c I e of the follow ng
nmet hods: (i) maintaining oxym g% %ﬁterm ned range, (i)

mai nt ai ni ng catal yst concentration within a predeterm ned range, (iii)
limtingt@he resi d8reepréesenB0iidentbed as &heetbadt borl igeirdavahgne
dividedbthqlerf\fggg (W thin the fihrst reagtion zane to |ess
than about 6 mn tes?ﬁ%%f&g.r%%ég%a%% JJgc;-,sésut‘lt. ﬁ%%aéé%‘?{ﬁu?ééfzggﬁd%?ﬂ)

optional |y r &AM ¥eatiqubd Phase oxddathgn ofiepreasyilenenedPhum as it
exits the 35 gl sanction Zone, tOrarl papPerak ey Wi gh bé'@gbagaabout_
210C. 4 WO (12/ 085.3?2% PCT/ USOL/ 199G0 According to a referre enbodi ment
of the i nventiFGt*RY tRe GARVPREIOHR cEERGEPRL 02RIf EBG BEEBAM is

conpri siTh acetdompc sheddhaxb i hgn:cathbyséqubnendlt beepsygenat ed feed
streamis then f i nuousl v_and sinmul t aneously, w par axyl ene into the
first oxidat i%%r?drﬂigqaqg&i%o% li%ahéé‘fa/n ?thl?gy'é&bfl%gaff%%?ég‘ét ?83V-¥n20ne.

| medi atel y widrlerterasgtiteadidsttoetoei bhrgonecabeipar avykene is
thoroughly Mesed dd diies J@-Oeepal e ACCLLEvEAE drhoabNqiely 1hjLiate the
reaction. By controlli'ng the oxygen supply, cata ysf concentration,
residence ti RESANE Gt OTRATIXY HeNE hipes af @k £obf aR@ether yptakacofon zone,
it is possi blkylqertaitd Ghontr&Lied i Shéh mstu&ﬁ/@k@epépamaﬂc%waﬂ 15 the
reaction zone,to_a value which is |less than 50% of the oxygen required for
full convers'Ot Tt GHEH RN Bracbntlen. (2RepHepa| feedéng. tire

reacti on nediremultomd heeddt sén reediwwncEobke | Setbed, f €det ¢ the second,
convent i onal . ccxjcsti g, Leact er . 20, BREE. ESCR ETL ON CF THE DRAWNGS) Fig.
1isasinp|ifole($sclhena’|c |agramo]fa © )

The method comprises:

25 (a) forming a feed stream comprising acetic
acid and oxidation catalyst at a pressure in the range

of from at least about 2,000 kPa up to 20,000 kPa;
(b) oxygenating the feed stream;

(c) continuously and simultaneously feeding

30 (1) the oxygenated feed stream and (2) paraxylene to
the first reaction zone to form a reaction medium in
which the acetic acid:paraxylene mass ratio is in the

range of from 10-20:1;



preferred enbodi nent of the invention. Fig. 2 is a sinplified schematic
diagram of an alternative to the process diagramshown in Fig. 1 25 wherein
a back- mwed2ped€t or is illustrated. DETAI LED DESCRI PTI ONPOE/USHEIIIRMVENTI ON
The present invention resides in the discovery that it is possible, when

carrying out liquid pQ@s,e (ialtmalltytnlé;;:fg‘ i :Jlu\%_; n%?;%par ax r{)iv?gghnrbt%%g(rfisgzce

of an 30 acetic acid sodlvent

on a conmer ci akastdbe imeldd vt fiinr SHa il o PYteSsad e B fbigh 8l yepsinatio
reaction zone fol |l owed by a second nore conventional, reaction zone and

t hereby subst YREFRI Ry i r‘?&rsoﬁ'é‘aﬁ‘r SO dfri ey Igs @Wki%%c%?anﬂllbl oduct
qualTty. e Boasentoive e 9 yfgt &M% & {}qéééspﬂé L2200, 1 5

"particularly applicabl e to incr aS| e capaC| convent T onal
oxi dation reactors, i.e., "debottlenecking” commercially operati
production 5 units, M@ﬁemfe&dﬂlnr%tthteear&qc&r%%rﬁf@%w beo p?bsﬁetq—qmgd ahead

*of the conventignak cheagh¥,, t‘%’édetﬂestrﬁa‘] b\ n QUL P ot Sab&?aml £g, system

can be increased by up to 700 conveni e and wt capi tal
i nvestment t ha@mmubdemuhémmr@@iumrtgeqmer em:efsaruxae nefv e ansHoridmar ger
and/ or redesi gngluconventl Q

reactor. According to ferred enbodi nent
of the invention; Ph&of A S rlugaéﬂ S, 9% Qag p%fﬂ“fﬁo%fe’%&ﬁ or® The term

"plug flaw rebetoew” 2i, 9o@s&tbaherein to define a generally el ongated, or
tubul ar, reaction 15 zone in which rapid and thorough radi aI m'xi ng of the

react ants accurs a%‘g&'@?ﬁt a‘i‘%t g&@@e@%ﬁ.éﬂ% radlwon v%n hl nventi on,

however, is intende race any reac
appr oxi mat es reagtppig zonew whdeh gie ztdmcadcbomsriglmryamf al ternate 20

embodi ment oftébéphehantlboamﬁh%xfysrt%tlsr CRGP L AL N %%%égd&‘cﬁi reactor,
meaning a hig m xed reactor, such as, for exanple, a stirred tank or a

bubbl e col uma’FéaEFﬁpveF—-‘Grd é‘iclcorré&é‘lgortct \AIRS SRS iRRhtnehadct eri ze t he

first reaction zone according to the invention, the
15 The preferred acetic acid: paraxylene mass ratio

for economy and process operability is from 13-16:1.
The uptake of oxygen in the first reaction zone is
limited to a value below 50% of the oxygen required for
full conversion of the paraxylene present to

20 terephthalic acid to prevent significant quantities of
TA being formed and solids being precipitated. The
oxygen uptake will preferably lie in the range of from
30-40% of the oxygen required for full conversion of

the paraxylene present.

25 Oxygen uptake in the first reaction zone is
controlled by one or more of the following methods:
(i) maintaining oxygen supply within a predetermined
range, (ii) wmaintaining catalyst concentration within a
predetermined range, (iii) limiting the residence time

30 (defined as the reactor liquid volume divided by the
reactor feed rate) within the first reaction zone to
less than about 6 minutes, but preferably less than
4 minutes, and (iv) optionally removing heat from,
i.e., cooling, the reaction medium as it exits the

35 first reaction zone to a temperature which is below
about 210°C. |



25 supply of oxygen thereto is essentially pure gaseous oxygen. The first
reaction zone is further characterized by a relatively high acetic

aci d: par Q0YHS4efass ratio in the range of from 10-20:1 aRETASOUIWOD vel y
hi gh pressure, e.g., in the range of 30 fromat |east 2,D00 kPa up to

20,000 kPa. The OpaEabirBgnBr €8SH 9rféffe&12%df letPodifRGOL A S e1osen such that
there is no va or phase present in the first reaction zone, 1.e., the first

reaction zonelR¥eRAbABoi PRYgENTRE Fipsclyescbiigrcrdie iind o ifees |y cool ed
6 WO U2/ UsaakHeRETEUMBDIE1hG1a6RE 1'&:0 aldidl andhextigapacat W L0f, éé;

reaction di a he f.ir reaction ne to less than IOC The
process |§Pca#$?e§h u?§§ﬁg§ﬁé §r£§8 c8L&F3n 1s égﬁflégglﬁﬁ T8y st em
"whi ch can be #odpgénedbsnepubéyewiogénparsxyAchenigeneais datatyst is

normal |y usedyys aRdiba sEhectef E&ﬂgloaﬁleg q0re BEAW (TR %@gﬁ%¥”ds,
such as, for exanple, ,._manganése and/ or Zi |un1co In
“addltlon thezo%%taI9§W9dPPFelE Hﬁpﬁaﬁnyeéhgg thel ddesan redatdicron pronot er

such as bron1£@ne1bﬁecgagax§neﬁet@gstaeqog§thtm9&e§r QRLear gel y remai n
in solutl n throqghout the process and are recovered and recycled as a

sol ution; aft%ﬁy% Btet REEbVEr§Cidi £R FheERPYatBEydAtRRkESUp. 15 The feed

streamto theréa¢sioneacBy060ﬁ6ﬁ61$Qﬂ§atﬁ§ bkpgéﬂ's@ﬁb@?t'%%t%ﬁE%hySt
conmponent s ( about 3 to 5

relative to t?%ﬁ%%ﬁt %O%OnﬁéﬁiaﬁPFSnLFWeréﬁécPBtﬁBPﬁé}YI|&Gor from
pr oduct recov@¢wpeﬁmeucatafySheZﬁlrsnceaacanonnZDsesubseque@bbwlkamﬁed to

nore conventi@Qhalo g4 yst goncgg%gﬁtigﬂelgéggﬁe §n0§9%e%sw§ vent is

vaporlzed and renoved overhead in thé second reaction elPOta
cat al yst 1Ret dte coPrehi PAt #ORS| Kot Aevhlust whigbt ienleesetivianl 50gpicdal |y |ie

in the 25 rangee léﬁygénlreg@w@m POW, ruher @aﬁvébglsﬁt ékyé metal s

concentration int second reaction zone wll typicall % e in the range
of fron15001ﬂ?€?¥i§%$ﬁn?ﬁ?ﬁ?nV%Eﬁ E%Fﬁ@héhéﬁlﬁnackﬁ nefBE &gpgryomn system
and dependi ngnedi dhef wametheontest r abhefion tehal isatabyStred0 rBELRS
concentration %Coége first react#on y40) ng of greager t han 200 ppm w w has
been observed 10 4! ve- AV TR ARYSy GELF iy afid“58Fectivity. Preferably,

however, the total netals concentration in the first reacti on zone shoul d

be great@f than 250 ppnBRLEF BESTREPDIONAOFOMHEEBRAWDNGI(S)hi ghly

exotherm c. Depending on the first reactor solvent ratio and oxygen. uptake
and without a neansi®f toofiagsihelitiedi sohenhei? diwg@athldECSS. ~(, 7

PCT/USOl/lgg%%%ferred embodiment of the invention.

Fig. 2 is a simplified schematic diagram of an
alternative to the process diagram shown in Fig. 1
25 wherein a back-mixed reactor is illustrated.

DETAILED DESCRIPTION OF THE INVENTION

The present invention resides in the discovery
that it is possible, when carrying out liquid phase
catalytic oxidation of paraxylene in the presence of an

30 acetic acid solvent, to effectively stage the oxidation
reaction on a commercial scale into a first high
pressure and high solvent ratio reaction zone followed
by a second, more conventional, reaction zone and
thereby substantially improve process capacity,

35 efficiency and product quality. The present invention



heat of reaction could raise the tenperature of the reaction nmediumto a
val ue in excess of 210C. A first reactor exit tenperature below 210C is
desi r abl av® 02/6556™Mi m ze acetic acid burn. The first react PER/USIHEYy
therefore optionally include a cooling coil or other internal or external
means for renoving heat satisfactorily fromthe reactor (and reaction
nedi un) to cdrt rRﬂrlilt%JJ@(’{Jth%&‘é%*ai% bP inereaathyohhAe8rEACLG Yel ow
210C . Contr Qe Qf o RIMDEr L AH eoxf&‘é@lé!:ﬁtrQQEE pLratign, reactor residence
time, and nmmintaining the oxygen supply to the first feaction zone within a
pr edet er m ned dedrgs: Immkassk it g ‘possotmher ¢ ba thnvene eat L yg1prbiotct ibhe upt ake
of oxygen_wi thi.n the reaction diumto a value which js | ess than 50% of
‘the oxygen r&duiTed HEFEFRY 12 CohbRF sTORCbEOR heORar 3§ | BRePpFéSeRReD
terepht hal i c a@iah dft tilfe Cébhv&RM 1602 AVRES-PELCI Phdathon af,30k hg 20
terephthalic acid (TA) in the first reaction zone onto any cool i g
“surfaces. TARNGMRHER iYh the|shaged dystemi camgboxygencapedkby apdtA
precipitationdss t i, t LLs i ON, zQne. mai nt ai ni ng a
hi gh acetic QCO:‘Jd:Cg%ls}éa%Blegﬂ% a%}lk% ‘\Sf\nﬂ?ﬁ%#t %6r§€%%h%h ggpﬁgéilum and by
sel ecting an iapprsaprdret eclcoolantld eotlgerwbed | bagrawt £r¢dandrcaohitpg neans
that avoids cold spats fromformng at any | ocation within the reaction
medi um th efN/RF t1RFITE ANT et FHe TIed t FRP e eksoral 36eBFtPRe reacti on
medi umis reduced sinultaneously.as it is fed to the existing conventional
oxi dati on react or AcHusiirenct®ra i pré §gr cadi | gmvosiménedo f apker eact or, but it
coul d al so be a buhble c&l}ﬁggp reactor, for exanple. Pressure reduction can
i

be conveni e_ntllr’Q’eé’&lcﬂ% i WA B eREE Ry THeS rbact i Bhugeli ath t hrough one
or a pluralityeaeftdir.esstHe 4atov yval ¥esy pp@ééwfvedi@bgyédtﬁsreghl phery of
the reactor. Best results have been WO 0 2/115s-1G7 PCT/USO1/119fi 0
obt ai ned wheka ¢ frigwctd orengih Ly | sl ehspeededoy apilihiar upoaaehnteni ng t he
second rgactqr.. i i spersion ¢ e _achi.eved by, usi ng establ|shed

net hods Tor ioglﬁeR?lE{l %gh pa%%ﬁ/#]eanrg@c%h?%?%?rhgr?%lé%% rfljhxg%%v@%t Hﬂﬁal
reactors. |nraaxttanted dankes eactitiey f OYowxampdegh tihe wawédoincl ude
injecting the reaction mediuminto the reactor below the liquid line in

cl ose proxi mMAPIG t-he TS HEFRFEE ¥9om ereff at b impetded. tRapi d

di spersion 1Q.f-Jthe Jractd o hedi g G ; hevead i col.um
reactor by inj eé:tai ng atrﬁg reactclﬂ'f)n %ﬁﬁﬂ%ﬁl%ﬁ&@%ﬁoﬁﬁnﬁ?gfﬁ%?ﬁeggi r
feeds. Refera pdugouliaw tdenariam mpnd-i g.Adcosdingitplafii @dtsehetati c

di agram a _react.or st 15 according tq a preferred enbodi nent of the
ot G TREERRUERD P S e Gy hS BT o T afgtar T 62 Bfr 8am 10
conpri si ng ag@lcke-natied MedEToBNanend hed | O L B Wetxed NrPi8ELLCE the feed
streamw || conprise a mxture of (i) recycled acetic acid, 20 recycled

not her | i quoPU&hd aSat At 112 FHijreddean Lomicnshbpbef cohtrne
second react Qi Jddd1e X and (dddo ecﬂ;b | £-1aGH ker j 3. The
m xed feed stfjgamwi |1 cront aln typt-icg:%l a‘%gﬁ{/dsltdggﬁng%ﬁn(&g%%ggéﬁé%, Vh,
Br), but dil thed foorgrarmsthdiol &b 2dred racasphiolg vieo cone e vanh t Das, | hhehe
conventional oxidati Qn react or. tional I%/ al t hough not shown, catal yst

concent rét i off "R Yo &I SRHB dd'§ 1 thet F i TR H 0P HohedBSSP BRI ng a

portion of taaty@@hal ysiHeontiad i nged@thed Adgiors fdmendd, recycled from 30
anot her part of the process, directly into second reactor 20. The m xed

feed stream fOawRAAtgerr@chIRY haiel at teadpertatdr e@Get ke range of from 130C
the food otreai RTaararure 15 The tanpa i TrER IO S It E2Red Doen
found to be sati sf aetlaryi fedry imigh givespsute, oxigat iion tleactaomge of
30 from at least 2,000 kPa up to 20,000 kPa. The
operating pressure of the first reactor is chosen such
that there is no vapor phase present in the first

reaction zone, i.e., the first reaction zone is non-

boiling. The first reaction zone is optionally cooled



9 WO U2/ US5- 167 PCTIU SU 1119960 The pressure of m xed feed 10 is raised

to a value in the range of at |east, but generally in excess of, 2,000 kPa

by any sW@ 8#064@unpi ng neans 14. The 5 pressure i s choseBCTASEHEHE t hat

all of the gaseous oxygen, introduced via Iine 17a, will be readily

di ssolved in he feeg %SPre am aheac{I of f react or. 30 as, shown. The m xed
o]

teed stream wi ?hlﬂﬂ“s &d "SPFEF i S h’ tfheed LG AU hdA Y g Lt

continuously é&RiespktHe ¥ ddrowdaGler Rhanidd myHaNe beidg fed via
line 31, and the reaction is initiated. The paraxylene may optionally be

pre-m xed with acetic acid solvent and the mxture fed via line 31, Wile
it is generally préherabicgess fisedagkliacheus ipartdhey Ireres¢roce hef fam st

‘reactor 3@, thgiQRLieA efattan@%%se%t%npowl% fad e frﬁﬁ&h&é}{@&d% °pe

directly to the second reactor 207is included within the scope
i nvention, | nN"BREESIRREPESa pdr tIB IS §PASaEA ey Feddf okl Wsedct |y

'to second reagh@ri20sellbet2Q er%bH tonikg o&0|nmf§ el X Weatel esspd@hd®, i n the
reaction nedi umbn the _first TeLctor adj ust upvvardl |n response to

that portion df°thd° paFSfylee‘ﬁ‘E‘ &ed acLﬁ ‘b Stené'“'T reactor, and
the resul ti ngzimassniafmi aomppuntdhser dihoraeid irtd aah a:healdae;alrystmeur.‘allge of 25

from 80: 1 ,up 1118 %il?Saltl% tl%crlg@%ge%f Ojg_q%a%laor}ld eve%tlgrgher I\/bI ecul ar

oxygen i$ %di ssof St ream usi n ForvEit €ht i n-1i ne
m xi ng devi cebBQm%eeacﬁhév@aé}aédﬁéemert@tllso@n@if Odqlsi§¢ll\m’d msomyErer n the 30

m xed feed strea%w ¥BmkA n3 1 oW1t iMrXithG ARHSR ?t%ecgmd&s a4 n-line

nozzl e arranged di scharge oxygen directly into the f tream In-line
static ni xer s2¥Rot e SABRAL I AR Al ESVISe o $ist iforfed Wiistye A teir fR¥eduGeact or

30 to facilitaé€omexiyNgwidh Iftreish a-Jas;le,cg&smﬁlk%_Qg;cor ding to the invention
to stage the introduction of oxygen, i.e., to introduce the oxygen at a

pluralitysof |ocations ghengclhe oo t10 £ h VP 192/ 8764 RGT/ 501/ 199C0 of
first reaction zone 30, By staging oxygen injection, the maxi mum I ocal

di ssol ved oxy‘@%ht%bﬂéeﬁﬂpéf:laénOﬁédlaédt?@e@at\%y@ﬁ CORRARen tal (v®- 5 react or

opgr ati ntghpr ee@pr@rfltgebe red;ucedluﬁe@uwyngl rFeRE IR R{&3§Ure
reduces the cost o react or punp, en _cqnpressor. an
associ at ed eqﬂ?%ﬁ%h?e Egs gn(?@ttallﬁh?% FOPW@W%éng:tho@n e FiSM 4% hin plug 10

flow reacti ormczb}mer3®1qsorrelfabmvelryodsﬂ¢mr tredovery . eghe hmtf yatnut es. The
reactof 39 SnolobReELOsob ks 3,8etl.and ! thg desianydhe react o tedium

flows through t ) ressurlzed water (PW, is
15 i nt roducedcmventhenelﬂrelclateﬁ&etvwcfeme:emtrt@muosl aegels mdroyvethdisast eam

(S). A snall é!‘@i@én@uigev%B%'rl%%dblaﬂ\ﬁd(%%’ov%@ o'v%zih%lé?i” it t%@tg% ond,

i mpurity/residue buil F‘ he water system The tenperature
reaction rredl{ﬁﬁ‘é%l?’ﬂ ERPes Zé'h]el rt§’tta|le§étt§rly§(§ M tRdisnCanFad teta b bw

about 220C byin the first reaction zone will typically lie in the

25 range 150 to 1,000 ppm w/w, whereas the catalyst metals
concentration in the second reaction zone will
typically lie in the range of from 500 to 3,000 ppm
w/w. When using a Co and Mn metal catalyst system and
depending on the water concentration, a total catalyst

30 metals concentration in the first reaction zone of
greater than 200 ppm w/w has been observed to give
satisfactory activity and selectivity. Preferably,
however, the total metals concentration in the first

reaction zone should be greater than 250 ppm w/w.

35 The oxidation reaction is highly exothermic.
Depending on the first reactor solvent ratio and oxygen

uptake and without a means of cooling the reaction, the

7



controlling the pressure of the produced steam and hence its tenperature.
Controlling the process paraneters as described according to the invention
makes it WOOBIBHE to |linmt the uptake of oxygen within 25PCRASHEHRYOY on
mediumin the first reaction zone to a value which is | ess than 50% of the
oxygen required for full conversion of the paraxylene to TA Thus,

par axyl ene i fe@dnwdr teeR Gl dn retukdacd ose 3oheriempetyttoe TAf theer nedi at es,

such as p-tol-ual-dgiydene P! wh & 30 Agd d}r@ngxée@'abf Undesc t heA g@ﬁ_ﬁr | bed

process conditions the first reactor w |l gro uce any sol’i
Al t hough a sKEACtRTd SXide YRt Wesiml 9w ZhOWh lish Fegirable et or 30 can

be any suatamlellm&@t Alcdlesd mbmtﬁhm ovishongi fOF PPLEEDSL DERL Rgyoval
and 35 opti on%Ie n? | e tox%gatelﬂl ectl n. For exanple, the reactor”can
have mul ti pl &G soe% T € Ay +1Y eS®1bnOF nPbhieKe react i on
medi um upst r&amecrfnam o R 02 1068, ]n@armTféJSOﬁé:ﬂ&QﬁQg eReht t ube pass.

Al ternativel r, C b & sin uncool ed abati c)
stirred tankgﬁgggtﬁfgr&vm%{lﬁl ox%oenheﬁ hj ectd otho g‘??%a’fﬁ%‘f’tjaﬂra/%?dﬁﬂ?‘b) 5 the
reactor. Alté&pnagontalol ulfe ewdcttammpans hera csértles oéacobbedmediuncool oed

stirred t@ankpEqaGt orgHow t h oxygen injection upstream of and/or into each
reactor. As a further alternative, a back- mxed reactor can be enpl oyed,

such as, for exanple, 0 |rcuI atl n reactor, wth oxygen
injection into tgg "5Sp alrlbd@%getr'?poenrg Heat f?%?ﬁ?rﬁét? P as
illustrated Irgafitgr Xeshifeneadtimn reedl ummalm:guq)ltﬂgefdmygémr st reactor

30 is fed vigubbng 13 I Seeond JRACIAN £ i Iy fong @] Oat i on zone, 20,

whi ch, as shown, i's the conventional, continuous y StiTred tank reactor of
the existingPPrEGESSTiMh janasanadids et RYSTEDER tt@reekveriently

Si mul t anepushymithe her e off the gaacki on medidind scf £948cRLq] gna val ue
in the range, of 20 from 0 0 kPa_ ospbel ow 2, 000_kPa. Pressure reduction

can be convefiPefit I 14& PIheT e i OFYHRRI um t hr ough one

or a pluralitgqofi redesur efdlel dmme/xaém dDﬁ’ 10 Zd £8a 201 0S| h 1 &886t about

the periphery o r.13Q whereby the reaction nmediumis 25 di spersed
rapidly by i }r%joefgtelr%%%ft%i 0 “an azfgll ator inpeller regi on bel ow the liquid |ine

of the reactor. Pr Qcess conditioons within reactor i.e., tenperat ure,
pressure, catal yst tcdfc&hradtGon Ehd ¥ dérn%c'ell?]i"r?etl%ﬁ P i TP
convent ixnal teangﬁ&haaacaladimjgd'rpqx;dgertmptﬁkﬁu Ssrdafiticedl fofe refused

oxidation in SitV., r SY ly of r. oxygen-cont ai ni ng gas, line
22a, is int r% cgé%éﬁggt asgll eggospeT?%e aftl?rhe }rtb‘?‘ld[}%ﬁi umin second
reactor 20 by}imdyiognwervigsan @%n@ndrﬁmpﬁeq)rmqﬁim eigo forma slurry

W t hin react Eeggnt@@d ‘,Jltt}gqp e recavered fram the g tors 12
02/0551r 7 PCT/ U SO 1 /19 t B Ul i a1 n ¥y
a high aCeth ac1d paraxylene ratio within the reaction

25 medium and by selecting an appropriate coolant (e.g.,
boiling water) and cooling means that avoids cold spots
from forming at any location within the reaction

medium.

On exiting the first reaction zone, the pressure
30 of the reaction medium is reduced simultaneously as it
is fed to the existing conventional oxidation reactor.
This reactor is typically a stirred tank reactor, but
it could also be a bubble column reactor, for example.
Pressure reduction can be conveniently accomplished by
35 passing the reaction medium through one or a plurality
of pressure letdown valves positioned about the

periphery of the reactor. Best results have been



systemvia line 23 using conventional nethods. Overhead vapor fromreactor
20, which will necessarily contain sone acetic acid and water, is condensed
via 5 comenyess4, and nost of the condensate is returne(!i'CT(Usé”l”F%cycl ed,
via line 12 for feed stream nake-up to first reactor 30. A proportion of
the acetic acid and water condensate stream (so-called water draw off) is
diverted to aolsidiveed dhhydthm oaasyiberrmEdinambBedtLlspeI@e\datralpmfly

reaction. @tdﬁmléx}{tepyﬁg SQQ%nda ELLEN Okaégg (c\ﬁgg% N33Le T aé'le

returned to reactor e reactor space ux s
and/or to thee e%\‘éftllr%ﬁegohé uw-agae%paﬂaﬁéefie@athpdé 6prbyd1r$mmgngth t he

exi sting Bee%§ﬁiﬁﬂmnéLB8nﬂ-91n15 Theeh3vent EOAvBRRYbASS %a%%%f}%m cal and
‘reliable nethod for staglngﬂvg OX|dat|on reaction mhereby

production capadt t3EbFrad nEFBREPEsi hGFeSLEBRFeCox FAAEI Uﬁurl@act or of the
type found i nnmeEhydeoimpectahyythperatcbgohemephtifaihécathd preeeeses can

20 be increase t 3 2/ OS5. | C7 AINB is clained is
PCT/ U S111 /%Tgﬁg% ygi Pﬁégggh%%n?olnlﬁc?%gsPﬁax%ﬂ 5r58u¥?|on 5 capacity
of a convent idrathaxjelatron apasybrator tmpalyeirc | Regpid plapersdion
oxi dati opgof parayy! fé@cwoﬁeﬁsab&mahsgoggogcﬁébgdmihhgdfo%% Gl sing

staging the reaction according to the sequenti a ep (a)
formng a feéﬁD%4mQxﬁﬁ%%ﬁ9Fl%Yngna@étieg1DhacraaahQODXM§dﬂanl@ataIyst at

an el evated pressdirgrbRihbeyr ap9enef af Foreg900 up to 20, 000 kPa; (b)
oxygenating the feed stream (c) continuously and sinmultaneously feeding

(1) the oxygenatedzdeed, shreanyapd £ge RaLaxykengiLo a 13 Lirst reaction

zone positioned upstreamffom salid convention [ oxFdafi on reactor to forma
reaction mediIRH Hheehsehemateei diagrampafaryrepetpissys&emo is in the

range of 16romdéb2@idgand aepebEenrpaodiBbaiRbRLMBENtALNEAvERLIQMUti ON as
they are fornmed; 20 (d) limting the uptake of oxygen within the reaction

medi umin said f'rﬁﬁerEQGéhgfoﬁoﬁg EQr2i¥8 HEt by first forming a
feed stream 10 comprising acetic acid, water and
oxidation catalyst. In practice the feed stream will
comprise a mixture of (i) recycled acetic acid,

20 recycled mother liquor and catalyst, line 11,
(ii) reactor condensate from the second reactor,
line 12, and (iii) fresh acetic acid make-up, line 13.
The mixed feed stream will contain typical catalyst
components (e.g., Co, Mn, Br), but diluted compared to

25 their respective concentrations in the conventional
oxidation reactor. Optionally, although not shown,
catalyst concentration can be controlled in the first
reaction zone by feeding a portion of the catalyst-
containing mother liquor, line 11, recycled from

30 another part of the process, directly into second

reactor 20.

The mixed feed stream 10 will generally have a
temperature in the range of from 130°C to 160°C, based
on the temperature of the various components which form

35 the feed stream. A temperature in the range of from
130°C to 160°C has been found to be satisfactory for

initiating the oxidation reaction.



which is | ess than 50% of the oxygen required for full conversion of the
paraxyl ene present to terephthalic acid; 25 (e) feeding the reaction nedi um
to sai d owOvEMRSHENal oxi dation reactor while sinultaneousP¢TABELEINY t he
pressure of the reaction nediumto a value in the range of from Z 000 kPa
to 2,000 kPa. 2. The process of Claim1l in which said first ' 30 reaction
zone is a plug fl olheencessuoe afbmdkeni Xedd déctior raised WO G2 kOEMW(e 7

PCT/USO 1 3 19960n8. rJRGePbECEES 180 sE] Al & BN 160N ks ddAdd L onal

steps of: (a) v &OI‘IZI ng a portion o etic acird 5 present 11 said
convent i onal @t kBa ¥aéf15r suf ppblempiimpg nohéegasorl 4-r orfiltthe react or

over head; 5(C)p£o08lensi 08 ERBs¥APEEL; eABAred)na@CYANI BE TR Rsadkls of the
-condensate to 10 the feed stream 4. The process of daimI or daim3

whi ch i ncl ude¥*YFR™ adiRtF 8HEFe tgbaoillBFvér Birndiad ip&et itGR B Y he par axyl ene
feed fromthedfsssive@achi ehezdnedt etsaiath abrweniifofdlr steaciatavheseby t he

resulting 15 sol vent . par Ien s ratio |nth cti diumin the
first reaction z%l?’l%wrlls agj?%s &a e%\%ae& ?tlrr?agnes ﬁlséﬁt Otcih etraeﬁdﬁq%h of the

par axyl ene fektl Wheehfdgdpaswedteheobslyt andacomt ingoaciiveviemt gdrugespondi ng

I f 1 A A;
vil uil '(”g?;;%%%v]?d:%%%?%or 30, ﬁﬁh ggr X&l K]czliaﬁ]l?l aﬁcglclgaﬁ(:ﬁca Iégi] caj ca]

ca] ca] ca] ca] ca}¢afea] EQPE{Q]LQQ] Y @J}lé’&aFé&dU] c/T@]ec@]a@ YlengUmEy] c<a gh' (
optionally be pre-mixed with acetic acid solvent and
the mixture fed via line 31.

While it is generally preferable to feed all the

15 paraxylene to the first reactor 30, the option of
bypassing a portion of the feed paraxylene directly to
the second reactor 20 is included within the scope of
the invention. 1In cases where a portion of paraxylene
feed 31 is fed directly to second reactor 20, the

20 resulting solvent:paraxylene mass ratio in the reaction
medium in the first reactor will adjust upwardly in
response to that portion of the paraxylene feed which
bypasses the first reactor, and the resulting mass
ratio may, therefore, reach a value in the range of

25 from 80:1 up to values in the range of 100:1 and even
highex..

Molecular oxygen is dissolved in the mixed feed
stream using any convenient in-line mixing device 33 to
achieve a concentration of dissolved oxygen in the

30 mixed feed stream of up to 3.0% w/w. Mixing device 33
could be an in-line nozzle arranged to discharge oxygen
directly into the feed stream. In-line static mixers
(not shown) can also be positioned upstream of first

reactor 30 to facilitate mixing.

35 It is also possible according to the invention to
stage the introduction of oxygen, i.e., to introduce

the oxygen at a plurality of locations along the length

10
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blowdown, BB) is taken to control impurity/residue

build-up in the water system.

The temperature of the reaction medium as it exits
20 first reactor 30 is maintained at below about 210°C by
controlling the pressure of the produced steam, and
hence its temperature. Controlling the process
parameters as described according to the invention
makes it possible to limit the uptake of oxygen within
25 the reaction medium in the first reaction zone to a
value which is less than 50% of the oxygen required for
full conversion of the paraxylene to TA. Thus,
paraxylene is converted in first reactor 30 primarily
to TA. intermediates, such as p-tolualdehyde, p-toluic
30 acid and 4-CBA. Under the described process conditions

the first reactor will not produce any solid TA.

Although a shell and tube reactor design is shown
in Fig. 1, reactor 30 can be any suitable reactor
design with provisions for optional heat removal and

35 optional multiple oxygen injection. For example, the
reactor can have multiple tube passes, with optional

oxygen injection into the reaction medium upstream of

11
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with oxygen injection upstream of and/or into each
reactor. As a further alternative, a back-mixed
reactor can be employed, such as, for example, a pumped

10 ciréulating loop reactor, with oxygen injection into
the loop and optional heat removal from the loop as
illustrated in Fig. 2.

The reaction medium exiting plug-flow first
reactor 30 is fed via line 19 to a second reactor,

15 i.e., oxidation zone, 20, which, as shown, is the
conventional, continuously stirred tank reactor of the
existing process which is the subject of
debottlenecking. Simultaneously, the pressure of the
reaction medium is reduced to a value in the range of

20 from 1,000 kPa to below 2,000 kPa. Pressure reduction
can be conveniently accomplished by passing the
reaction medium through one or a plurality of pressure
letdown valves or nozzles 21 positioned about the
periphery of reactor 20 whereby the reaction medium is

25 dispersed rapidly by injection into an agitator
impeller region below the liquid line of the reactor.
Process conditions within reactor 20, i.e.,
temperature, pressure, catalyst concentration and
residence time, are within conventional ranges,

30 although oxygen uptake is reduced for reduced oxidation

intensity.

A fresh supply of air or oxygen-containing gas,
line 22a, is introduced and rapidly dispersed into the
reaction medium in second reactor 20 by any convenient

35 means.
TA will precipitate to form a slurry within

reactor 20, and it can be recovered from the reactor

12
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1511#2<344}[9N8@rted to a solvent dehydration system to remove the
10 water of reaction. Optionally, but not shown, a
portion 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.

15 The invention provides an economical and reliable
method for staging the TA oxidation reaction whereby
the production capacity of a conventional single-stage
oxidation reactor of the type found in many
commercially operating terephthalic acid processes can

20 be increased by up to 100%.
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N7 10° 103002 185 (RrR BEIFlony (9 REAR Pond ty G 1%
& ()-'x 9@! 18fseghthal NN BNOEPPER9NBHethod comprising staging the

reaction according to the following sequential steps:

(a) forming a feed stream comprising acetic
10 acid and oxidation catalyst at an elevated pressure in

the range of from 2,000 up to 20,000 kPa;
(b) oxygenating the feed stream;

(¢) continuously and simultaneously feeding
(1) the oxygenated feed stream and (2) paraxylene to a
15 first reaction zone positioned upstream from said
conventional oxidation reactor to form a reaction
medium in which the acetic acid:paraxylene mass ratio
is in the range of from 10-20:1 and reaction products

are maintained in solution as they are formed;

20 (d) 1limiting 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 the paraxylene present to terephthalic

acid;

25 (e) feeding the reaction medium to said
conventional oxidation reactor while simultaneously
reducing the pressure of the reaction medium to a value

in the range of from 1,000 kPa to 2,000 kPa.

2. The process of Claim 1 in which said first
30 reaction zone is a plug flow reactor or a back-mixed

reactor.
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includes the additional step of diverting a portion of
the paraxylene feed from the first reaction zone to
said conventional reactor whereby the resulting

15 solvent:paraxylene mass ratio in the reaction medium in
the first reaction zone is adjusted upwardly in
response to that portion of the paraxylene feed which
bypasses the first reactor to achieve a corresponding
value in excess of 25:1.
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