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METHOD FOR | NCREASI NG OXI DATI ON REACﬂWﬂMﬂ CAPACI TY 5 Zpe
REFERENCE TO RELATED APPLI CATI ON Thi clainms priority benefit

of U S. Rybasbssaep! i cation Serial Numbefg 9/ 481, 811 fi | edTAR01/1baswuary
2000, U. S. Patent Application Serial Nunmber 09/757,455 filed 10 January
2001 and U.S. Application 10 No. 09/757,458 filed 10 January 2001, al
currently pending. BACKGROUND OFIEMEE; QFEANYENTEON. present i nvention
relates to a method for increasing the rated capacity of a conmerci al

oxi dati on 15 r eactNBETHQNDIrROR ANCREASINGYOX IDAT PON SREACTIOR ®#RODUATIONa net hod
for debottlenecking a comercial reactpgapgystem of the type used for
catalytic liquid phase éxidation of paraxylene to produce terephthalic
acid. Pr ac.tiial l'y all terepht haI e aC| d_is pr oduced on a 20 commer ci al
scal e by catal ytic, Ilq' i RE Sacica : Cormermal

processes use acetlg%g gpgfi éggﬁuyyér%gdEQEEELE¥DQ%§g%h%lqyﬁge or

netal s as catal yst manganese ar ‘heavy
metal catal ysts] a&ﬁétbﬁﬁﬁih@a‘F%OfQES%@d- é@"@eﬁfeﬁé%éﬁlefi’sbuﬁb]@d)flzf ree

I‘agl cal sI in theJaﬁ&aﬁ‘?SSOOé\P%J G5 AQidberdi %pbmbaeugﬁrs@ﬁd&ﬁrﬁumﬂw axyl enﬁ
and catal yst ar uou into a back-m xed_ oxidatjon reactor that
i s maintained a 9/?%% %%Cgi‘ﬁ %OT}IC?Z}?@%& 7068- 3880V kPa FEPEcatienso atm.
The feed 10 No. 09/757,458 filed 10 January 2001, all currently

pending.

BACKGROUND OF THE INVENTION

The present invention relates to a method for
increasing the rated capacity of a commercial oxidation
15 reactor. More particularly, the present invention is a
method for debottlenecking a commercial reactor system
of the type used for catalytic liquid phase oxidation
of paraxylene to produce terephthalic acid.

Practically all terephthalic acid is produced on a
20 commercial scale by catalytic, liquid phase, air
oxidation of paraxylene. Commercial processes use
acetic acid as a solvent and a multivalent heavy metal
or metals as catalyst. -Cobalt 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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acetic acid:paraxylene ratio is typically Iess than WD 02/055467

PCT/ US01/ 19960 5:1. Air is added to the reactor in anmpbunts in excess of
the stoichionetric requirenents for full conversion of the paraxylene to
t er epht hal i woagkskséo M nimize 5 formati on of undesirabl e PCTAISOL19860s, such
as color forners. The oxidation reaction is exothermc, and heat is

r enoved fron1th§. eact or bg all owi ng the acetic acid solvent to vaporize.
The correspondi R§-vapBrFidt® & e dn@ndeABEP T of N t HEC W el X eiss

refluxed to theofl@heeachOthimhdlisorR@eRdRBSALrbEl Agh M Il 40
control water concentration in the system (two noles of water are forned

per ol e of par8kyFBRePPEREYRNG JO ttérephthalic aeid)to The indast or

residence tigre ESrmhyPbsabt Yurdih i ashes blap2olQuE s, Qfﬁ?radg g1y the 15
process. Dependi_ng on oxidation reactor Operating conditions, e.dg.,

tenperature, caf@Fy8Escontehiteitdadd onaggarsspaehs ot rigniaiccant
degradation of hbge 20! Y&yl R THES 26aE8YL 00 W1 MY e/l LU can
b The ert1ueht S 28!

increase the cost of operating the process. FlFeaction
product, from taeidogpdeentonte espowizies aTheucoyredpandidey tvapephtial i c

acid (TA) cryst i et cjd. ignifi.cant, and undesirable inpurity
in the crude TA?é§d§$%%§H%&gfﬂﬁ%ﬁfﬁﬁégﬁyagn?ﬁgiiﬁﬁ,liWﬁ qﬁfq?%8oﬁbﬁetely
oxi di zed 25 Qaraggteor, wltthomie pondenahdehpdenanad thdwdwi acaci d can al so

be present al on Lth.undesirable color fornmgrs. The slurry of crude
terephthalic ac?%mﬁ?%/s"tq% & i%owcﬁﬁ%ﬁgglﬁpoégggtéﬁ TS, Mf‘i"é&sb?fpost
oxi dati on and/ owabydragentdiney perdmoeeoder pardLyDene Meadd®d itldt rati on,
washi ng and dryjn according t est abl i shed net hods. The present
i nvention provi E_%g%%hF%"l‘ Ja%l%léﬁd i?‘FoFGSBFEI nEEHAPRF iTHd%edSe t he
production capatypy¥cally 30 minutes to 2 hours, depending on the
15 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.

20 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

25 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

30 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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of a conventional terephthalic acid process by up to 2 WO 02/ 055467
PCTI US01/ 19960 100% by i ncreasing the capacity of the oxidation reactor

system i.e., "debottl enecking" the reactor system Debottlenecking is
achi eved acworgdoss@get 0 the 5 invention by effectively stagiPCF/UShE19860i dati on
reaction wutilizing a first reaction zone, i.e., first reactor, followed

by a second reaﬁ@ﬁ% zone, i.e., the existin conventional reactor.

SUMMARY OF THE d\’l‘ﬁﬁ%%%@eﬁ?%ﬁ%ﬂt% i HANHER for

increasing thergioeetd prampaciel.y oheBBtoXbfadk Oy add Heal@br Ccatal ytic
l'iquid phase oxidation of paraxylene. A first reaction zone, or first

reactor, is postY3icied RRRQGtISReGkingelsonvRht YoM ACq¥atng toakbiet he
method is 15 acawmhtﬁredoﬁméatwew gb§g§ﬁauerglalmsatt%% Q aci;%ﬁ' ng the

reactants, including a suitable solvent, Wwhich is acetic acid,
first reaction $ohelzing & didtsdd rpuae;#,serlemnereirﬁr,heflmﬂtveretacrtan:r,o (| .e.,

the acetic acrfio_ﬁﬁ% anyt?#]erep thaa&reg):t_agg \%\ﬁ?c'hplf ae_ke % Zg_xgé)égen are

controlled such t ic acl ‘or'rs rerral ns
sol ution, and t¢remve§reiemm€gl the@ctogsul ting reaction nediumto the second
i.e., conventional, oxidation reaction zone. The method conprises: 25 (a)

form ng a feed stream conpri si AUMMARY iGF THE CNYENT@®Ndation catal yst at a
pressure in the range of fromat |east about 2,000 kPa up to 20,000 kPa;

(b) oxygenaty ng the SN tigQu usly
f eedi ng S%to( 1) th ﬁﬁig%na%e 138%)1&&?2%%%%%%3@&52%03%%&?2 ?he first

e o
reacti on zone toR% PR ?"e’a‘?:"trc'&?aﬁé&ﬁ’uﬁrfr AN Gt igne ’%ﬁ?é’cq% for
aci d: par axyl enecatesbyttad i idqeid phalse oxidation of paraxylene. A

first reaction zone, or first reactor, is positioned
upstream of the conventional reactor, and the method is

15 accomplished according to the sequential steps of
feeding the reactants, including a suitable solvent,
which is acetic acid, to the first reaction zone at
elevated pressure wherein the solvent ratio (i.e., the
acetic acid:paraxylene mass ratio) and the uptake of

20 oxygen are controlled such that any terephthalic acid
which forms remains in solution, and then feeding the
resulting reaction medium to the second, i.e.,
conventional, oxidation reaction zone.

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;



range of from 10-20:1; 3 WD 02/055467 PCT/US01/ 19960 (d) limting the

upt ake of oxygen within the reaction nediumin said first reaction zone to

a value which is less than 50% of the oxygen required for full 5

conver si on Wb obossagrar axyl ene to terephthalic acid; (e) fe@dirnugotrivesr eacti on

mediumto a second reaction zone, the existing conventional reactor, while

si mul t aneousl y reduci ng(ége 1i':)ress,ure of the reaction nediumto a value in
a

the range of from 1, 000 PR WG 2PEaEekPa. o¥¥FephthEtit e d

resul ting from tfacsgeanfledi 8acih Ofh ZONG r WirGRckSohypbRal ty & wdidy of
terephthalic acid crystals, can be further processed and recovered

CI'YS [
accordi ng to anyNdGhvédi dRESnBRRRP O P THd g ravgerededeered &Y el axyl ene

mass ratio £or -8aQBeBY oANdrPERE O5S AREIAR Idd ¥ elr8phtRELI3-486id, The
upt ake of oxygen in the first reaction zone is limted to a val ue bel ow

500 of the oxygen requir for . full _.conversi.on of .the paraxyl ene, present
to 20 terephthalic aci d(gg p’?%?/%lnqg s"-ihgenirfelafzcﬁtonqﬁlgﬁﬂ‘“f‘ig% %fglecﬁ&mbei ng
fornmed and sol i deakeibg ppeej pthatexisthhey cnwgenivptakeesttdr praferabl y
lie in the range,of S__rom 39-400 of . t he .oxygen re%uired for ful] conversion
of the paraxyl EABUHFBBERPS Y5 Gt EyﬂealP SSFUEReCfi FRE FRATHIVh zone is
control l ed by omedaummeeeaotalhe f®! i nhgeidfodsom (| Doorkrd aidi ng oxygen
supply within a predeterm ned range, (ii) maintaining catalyst
concentratibh wPEAPH 4+ OBPelEfernined range, (iii) linmiting the residence
time 30 (defined as the reactor liquid volume divided by the reactor feed
rate) within the fir3erephEbrbhc M txpsylddag Axamabbat seceRtut es, but

preferably |essrichaiiof BoAs! eshicmdid isypiepilignal byutepoying heat from
i.e., cooling, Egge%%%ﬁghgg gggaug}fgféfsfpggﬁsS%h%urther processed
and recovered according to any convenient method.

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 ig
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) maintaining 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 & 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. '



35 first reaction zone to a tenperature which is below about 210C. 4 WD
02/ 055467 PCT/ US01/ 19960 According to a preferred enbodi nent of the

i nvention, oxygen is dissolved directly into a feed stream conprising
aceti c aci dwaud/ossesdat i on catal yst, 5 and the oxygenated fREFEWSOL/19960M i S
then fed continuously and sinultaneously with paraxylene into the first

oxi dati on reacti on ZAREor e S oRA LOWDEALILAN oZ Qe | Medi atel y

upon entering the first reaction  Zone the paraxylene js ughly m xed
wWith the 10 oxydBNSPEHORCePFEIR | IF U Sowdvepy direet by elnte 2 fiemst i on. By
control I'i ng thesexgganceupplying aidadtyisl acdanaadt 6Ridfhon asddgres time and

optionally the fi reactLo It I.s possible to
control, i .e‘%], F?l%mfjﬁé?%&%%ﬁ?%%e&];?ég(%%ﬁg@m ﬁ%l ﬁh%nféhde croé-é{:cllrfuc?ﬁlszlé’ne to a
val ue which i s PBEsS{HAhtaeRWILY tHed hoPpganyienai iekp fiore filldstconver si on of
]E he paraxyl eneoﬂ&aaeﬂbntﬁea@wﬁhtzrmlﬁ,c whGcd. (ithQ HRastf Qi lx’E%Q:it‘i@nf romthe

I rst reaction S . Q. the econd, _conyentional, .existing
reactor. 20 BRI §R%Esc£#€§$téf§§§'Hﬁ?ﬁDﬁR@Fﬁé?g)t¥$ggiﬁ?%sfﬁf%ﬁﬁﬂ& i fied
schematic di agr BAnefthe predeykent debsdiorenghdy mieed wigttithe Fig. 2 is a
sinplifi ed_ﬁc:heaﬁggéngt@&raé@@ifc abiPlCtRakb¥e 101 NA LTRSS diagram
showmn in Fig. 1 wherein a back-mxed reactor 1s i1llustrated. DETAILED
DESCRI PTI ON OF FRESTRRENTIEN Gl‘ﬂbtﬁﬂlgllélﬁt ChRVERYIOM FHFdes Gatalyd®tdi scovery
that it is posstbheenwhanicay rsesiglencte ltiqei dndhasielomn=ltlat yHec oxi dation of
paraxylene in thenpresenre Sf @i %qx%%e%a_cegbﬂ §<F’xllé’,¢n£t i %fsfs%t%'evﬁ y
stage the oxidation reaction on g conmercial scale into a Frst I'gh

pressure and hi GR SBRVERt/ rht§o reddti ofheoRBERER | Petygen within

15 the reaction zone to a value which is less than 50% of
the oxygen required for full conversion of the
paraxylene present to terephthalic acid. The reaction
medium from the first reaction zone is then fed to the
second, conventional, existing reactor.

20 BRIEF DESCRIPTION OF THE DRAWING(S)

Fig. 1 is a simplified schematic diagram of a

preferred 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



by a second, nore conventional, reaction zone and thereby substantially
i nprove process capacity, 35 efficiency and product quality. The present
invention 5 WD 02/ 055467 PCT/ US01/19960 is particularly applicable to

i ncreasi ng woez2msqaecity of conventional oxidation react oOrECT/US0®19960
"debot tl enecki ng" commercially operating production 5 units, whereby a
first reaction zone can be positioned _ahead of the conventional reactor,
and the resul tihy PHRHLIDIH 1t REPdiggBdesyet reeeas BY ither capaeiby up to

70% conveni ent | ¥ afsh wdrdiitais WabaRtibal r6QPELAL, TiNest ment that woul d
otherwi se be required for a new 10 and/or [arger and/‘or redesigned

conventional reeRpttlgnasidingg t coampretial ey dorasdding mrodfuct:ien
i nvention, the fi r j i.S f reactor. The term "plug
f1 ow react o?s" ié“utzge'd ﬁer eélbﬁn atzgqggflti ﬁgagtg(grﬁeiréa}}v% ycaé %r?gz?tog&,tl8pefiubul ar,
reaction 15 zonehé¢ad wifi dihe apindeatndothdr peghtitswdiald mhe nesafl tihg

reactants accur | ow.through the tube or, conduit. The invention
however, is int%ﬁ%%ﬂgggyiél %%@ egngy? %%t%?ngﬁhﬁfﬁﬁFﬁFﬁ@nbﬁhPBht°
appr oxi mat es t 0/ @% ptarydricmtlgaahdonizboet fAdeswahitiglf @apitallt ernate 20

enbodi nent of the invent, the fi,rst, reactor, can be a  back-m xed
Hiusek tyot%‘afea'oflégc?gp?rw%ﬂ%I‘Peas‘feqfud‘rregxéﬁﬁl 8, "g¥stirred

reactor, neaning a hight

tank or a hebbland/mtiimrgeanana/orFeedaslgi€@cidHventnenawhirel cibght
characterize the first reaction zone according to the invention, the 25

supply of oxygen t helidydisoPesent bakky: i S lanags: Gevaga. The first

reaction zone is further characterized by a relatively hig cetic
aci d: par axyl enet et omt.i dhien fillietr aaget bén fzama 16 20plugadidoa rel ativel y

Do Ch0d Eea." e, R L Bl a2 2 00 HERelR L0,
to define a generally elongated, or tubular, reaction
15 zone in which rapid and thorough radial mixing of the
reactants accurs as they flow through the tube or
conduit. The invention, however, is intended to
embrace any reactor configuration which approximates to
a plug flow reaction zone. According to an alternate
20 embodiment of the invention, the first reactor can be a
back-mixed reactor,_meaning a highly mixed reactor,
such as, for example, a stirred tank or a bubble column
reactor. For all reactor types which might characterize
the first reaction zone according to the invention, the
25 supply of oxygen thereto is essentially pure gaseous
oxygen. The first reaction zone is further
characterized by a relatively high acetic
acid:paraxylene mass ratio in the range of from 10-20:1
and a relatively high pressure, e.g., in the range 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



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 6 WD 02/ 055467 PCT/USO01/ 19960 to Ilimt the tenperature of the
reacti on negigwoessaeit exits the first reaction zone to | exg/usoamIanl0C. The
process is carried out in the presence of an 5 oxidation catalyst system
whi ch can be hom)gelneousltglré het er ogeneous. A honobgeneous catal yst is

t

normal Iy used &fd H8ide EGTPRERTORR F TS FeRESIPNBESE YR oD obids,

such as, for exaglte tkeb@itstMeogenese AHY Ao 12iskCOARHMREOPPOUNdS. |In
addition, the.catalyst will 10 normally al so include an oxidation. pronoter
such as bromne. The catalyst netals and oxidation pronoter |argely
remain in sol ution t ANGUEREGESENES pPdElesRd M 1&g Eheepsoereac avfl 2Rcycl ed
as a solution, aiektibaddatalyeeoygsyem MiHidh @3 Bat abysgendkes Upr 15 The

feed streamto fir reactign C | I cal _oxi I on_ cat al yst
conponents (e. g&{&e&??%k}r?,o%%r') , Rbﬁ@%ﬁ?ﬁog{}’t ?fr&%l&égt g? 0 rrggg&/ ‘és?cg 5

rel ati ve to the?2g&k dsyseleskeenframi one ior madicheavigpmpbal| Fouprutidom
product recoverwuchhasgaiakyskarpPlEPNesEIE! idhganesybagguept |y raised to
nor e conventior%allrccatj_almy%t conc ntrgtiocg Itevel S ghen @ng as che> vent is
vapori zed and r &tdved STeFRERGUENAS t heh tbd O e £EFi GATIONEE Fhilt ot al

cat al yst net@l s nosmedatr atlisoninchuddear i ositdatdaat ponmebae with aypical ly

lie in the 25 rangaiha0 TRelcA091 PRI MLV 1 MBI ilRe: 6t BLysbrdpt al s
concentration | t he_second . .reacti %{‘l zone W I Cca ie in the range

11t [Ty I
of from500 to 32306 L¥pAPTGAR. 1 hnanl ¥shony qlr@&ggﬁﬁ‘el\/ﬁhﬁegﬁm%%? A3t system
and dependi ng ewet kecaaeerdcendentecytiarh,as a sbahttanal ysteS0predwdts

concentration i Rel@eliyl SlikRagLLon Zona W @igatgr than 200 ppm w w has
been observed to give “satisfactory activity and selectivity. Preferably,

15 The feed stream to the first reaction zone

contains typical oxidation catalyst components (e.g.,
Co, Mn, Br), but diluted by a factor of about 3 to 5
relative to the catalyst concentration in recycle
mother liquor from product recovery. The catalyst

20 concentration is subsequently raised to more
conventional catalyst concentration levels when and as
solvent is vaporized and removed overhead in the second
reaction zone. The total catalyst metals concentration
in 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



however, the total metals concentration in the first reaction zone should
be greater than 250 ppmw w. 35 The oxidation reaction is highly

exotherm c. Depending on the first reactor solvent ratio and oxygen

upt ake and wigdess46a neans of cooling the reaction, the 7 MODAKEM/QBE67
PCT/ US01/ 19960 heat of reaction could raise the tenperature of the
reaction nediumto a value in excess of 210C. Afirst reactor exit

t enper at ure bel a2 1QC 1en gtasin aloluddt oabsei then zanmoettiuxeacifdther n. The

first reaction zone 18y mddWehefdy & gaihen%!axéis;éa;&e A ¢ego! iﬂgfgféé or

other internal or external neans for renpvi né:; eat  satisfactoriTy from
the reactor (amFIERT iTH hedRFFatrsechalirwl?the éxi degérphtatt®e of the
reaction nedi umidinibed aedlitCac@anbaeh . of Thenperad Wedctdahnakyak may

concentrati on, tﬂ%@&f&fe rogﬁfi g’h%cleiyt iirr{glu(ggda rrgéorhtl I nin tge ogx en supply
thi

to the first reaction zone w n'a” predeterm ne 'gracngel PakSS"FE possi bl e
to conveni ent | Y-ABRING} 0 [ tfirakemepndxfgent sHAHing thieatr eacti on nedi um
to a val ue whi cdatSsf8ss01iiian 5% ehet beaokygeand a@itaGdnf Qdh W)

conversion of t XYY rese reph |ic acid. It i.s critical
to avoid preci p‘?fa %n cgf ees}l?ﬁ %&@o%‘é‘?é’gﬁ{’ﬁ%‘? i%é Q%?ed "EEREHCR PRILIFY st
reaction zdfe JREW AW0°€col ing surfaces. TA formation is linmited by
limting oxygen uptake, and TA precipitation is prevented within the first

reaction zone by maiGantindingpf Aempghabtveei ccalvd iy Parcondeahaatabhe wit hin

the reaction 25 gmehidem Ak dohceehembl, Ngnd N ARDE LAY %h%%'xg%te (e.g.,
boiling water) and coalin meqans that ayoi ds cold spots fr Porm ng at
tg!ﬁ K

any |ocation wiTHERY He r F3t REAFEHPR FOR& AUt Re first reaction

zone, the presspredetermined range makes it possible to conveniently
15 1limit 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 paraxylene present
to terephthalic acid.

It is critical to avoid precipitation of solid

20 terephthalic acid (TA) in the first reaction zone onto
any cooling surfaces. TA formation is limited by
limiting oxygen uptake, and TA precipitation is
prevented within the first reaction zone by maintaining
a high acetic acid: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



30 of the reaction nediumis reduced sinultaneously.as it is fed to the

exi sting conventional oxidation reactor. This reactor is typically a
stirred tank reactor, but it could also be a bubble colum reactor, for
exanpl e. Pwesrus®aer educti on can be conveniently acconpl i SfordUsoy196 passi ng
the reaction nmediumthrough one or a plurality of pressure |etdown val ves
positioned about the periphery of the reactor. Best results have been 8 WO
02/ 055467 PCT/ USBi418€6 Owindnh ati e draslveri onheeriéant L ©nd sk teed saiizjigrsed
rapidiy- upon egpehi B dhenseaANdIRAG dead Spggsﬁﬁ&gf&l%fﬁ%n R&n

achi eved by usi g esta met-hods
par axyl ene- cont 8 n?ﬁ@l?%%glsbif W%ﬂdﬂv@rﬂtﬁéﬁaﬁh%a’é?’é’?%‘js i9r fispersdagt ank
reactor, fors expaphEylé:Iﬂesme:dungn(fleude inj echvage idiea Il eatddt@r sredi um

into the reactog, Qeggﬂié‘& Hrﬂj” r%alclt%g 3 g' 8§§m§fe°x' ’Pb,}y v}fw}tg‘hfeact. on

di scharge froman agitator i i sper |on
medi um can be aéRFEyves %W%C'%’tﬂﬁ:)lté\e é@laﬁﬁﬁoflea%@blﬁm bin & j et ineg cttios

reaction nmedi unbenowctwselpcﬁm Mine i@ thesai ﬁr&ﬁﬁﬁlﬁty Ref effd ng now to the

drawi ng, Fig. 144 fied schenmatic di eact or system 15
according to a pr% @?Féd@r odi mér- 8 ftotrhém’roﬁggﬁfi on aF’I“hC«L WPEFSIOR i s
carried outlhy ¢frshefoearhiom medieeh senelm achteomst il ry kaddtliec aci d,

water and oxi dabmancaé@éwﬁ by L @%&h@ethberéﬁéﬁ&{ MM il conprise a

m xture of (i) icgc ed acefic .aci ? ¥$I ed not her |iquor and

catal yst, |ine T1°°¢ (PFI*BEY di° & dé‘r‘lsa 8 F‘omthe second reactor, line
12, and (iii) freshggtlc aci d makegl i ne . The, nmi xed feed stream
will contain typical ReSeEFRY "WbSo Bt Qregl@ Bg- vh,18@ . but dil uted

conpar _ed to 25 shmpllfl_aeqbemhammcﬁrat;n:aml oﬁsalmadtancommri onal
oxi dation rgact QeeofRIAPNEL Y p Al A1UGN RBEASHONY: of the invention.

The invention is carried out by first forming a
feed stream 10 comprising acetic acid, water and
oxidation catalyst. 1In 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 thelr 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.



catal yst concentration can be controlled in the first reaction zone by
feeding a portion of the catal yst- containing nother |iquor, line 11,
recycled from 30 anot her part of the process, directly into second reactor
20. The mi xwo ceesdéstream 10 will generally have a tenperPIiSe1/1996& he
range of from 130C to 160C, based on the tenperature of the various
conponents which form35 the feed stream A tenperature in the range of
from 130C to 160C h3Bebeees$wrmd i quilxeds feiedf 48t dpyrabyed it t4 adlwg t he

oxi dation reactizanth8 VEh§2/ 8BS RGEY, USQJE/ %QQQQaID? Dh esgel £ S i xed

feed 10 is rais in t at Ieast but enerally in
excess of, 2,0 Oobga%53a% ya%Xuﬁﬁﬂkag Pﬁé”ﬁeﬁﬁgni Y The' B pressure i s
chosen to eﬁSurprehanraliso¢h¢$n51gasemwyreoxygenalln@fod@@eghaﬂqnd ine 17a,

will be readi'yoxgzgéﬁol Yedrbdudde Jleaeql%ter qad ataeﬂi 9é Eéééﬁfi eactor 30 as

shown. The m xed d streamw th djssol ved 8 LS
si mul t aneousl y SA8SEOREF nHBOUSHS #?RQ)ﬁﬂﬁijmléhFP mPFeEbf%ﬁ %ﬁ?%ﬁqq130
par axyl ene bei ngsf edowna | The ®ixed diedtd e reeacivibh dSssmﬂwedudxygéﬁhe

par axyl ene nay -?pghggakg%&gﬁh&ﬁé%dgdﬂgi a%ﬁ @83&&?3 %PysfﬂﬂfggL A t he

m xture fed via |ine I's generally pre t he
15 paraxyl eh® t §1PHeTRFEPL A bTh RETYL <HFt PEARST L8 pas3i higs Portion of
the feed paraxybﬁﬂetﬁereehbylém id himisdeard.r eahtopaZdxyvendiqhajded within

Lhe, Soope of L BechpNaRion, Lhespsen Wikhe sasport lanoloparaodepe feod

31 is fed direc £ setond resu

sol vent : par axyl &he mas§uraxf©d|van@Jﬁe§dt|on mediumin the first reactor
will adjust upwardly in response to that portion of the paraxyl ene feed
whi ch bypasses the White keats oreneirad ivheredsgbbilagtenfeed rakl chey,

therefore, {gachaakghlfel Bolt fige rANAR Qfeactor 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. In 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
higher..

Molecular oxygen is dissoclved 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



25 from80:1 up to values in the range of 100:1 and even higher..

Mol ecul ar oxygen is dissolved in the mxed feed stream using any
convenient in-line mxing device 33 to achieve a concentration of

di ssol ved ownarnsssgr t he 30 m xed feed stream of up to 3. 0%OWUS01/MIst ng
device 33 could be an in-line nozzle arranged to di scharge oxygen
directly into the feed stream In-line static mxers (not shown) can al so
be positioned upftfeastoteECtsbn teeetin. 3@yt ethachbi bRAY@em xi ng. 35 }t i's
al so possible a pvention to ,.stage the i1 ntroduction o
oxygen, i.e., tg%ﬁﬁgkg tB?h%éﬁﬁﬁhé %al dﬁﬁﬁpgyﬁgyoﬁ¥g?%catlons al ong
the length 10 VEPGEFOSSAS¥°PCT$US@E#%QBG@h@hhﬂlnsttneactabhom$ne 30. By

stagi Nng oXygen reBi€6ki eper&hﬁnwtéaguﬂé)w pai %é@h&@éi OXY GBIk in
concentration is re | | ows r eact or opera %I ng

pressure to be Fgaﬁggﬁ oﬁgﬁﬁkfﬂ% p?%ﬁﬁﬂ?ﬁ'Hﬂ&@F&FlﬁBep?%§Eu?E thRluces the
cost of the re&erstorfeédepuppPnp 0xyETeCCPPPESSePraanld assoed i et
equi prent . Resi dgn¢gmbhee of the reaction nediumw thin plug 10 flow

reaction zone 30 is relatively short, i.e., less than 6 mnutes. The
reactor 30 shown in Ebgidénbé ’é‘lr&h%ﬂ %d rte'dtagloqeﬁé&mum-rm&ﬁ%%f Q;n rrEd' _um
fl ows throqgg Eﬁ t ubes, ile a cool ant % ressurize mater is
15 i ntroduc 8"t ﬁgagﬁéi’? ZPRR ther%e Tetagdi F%Yaﬁﬁoﬁ"éf +eﬁ‘mveltfse§s steam

(S). A small matbanpargen@besler bl owdown, BB) is taken to control
impurity/residue build-up in the water system The tenperature of the
reacti on medi um as i Thextésct@pd 30 raﬁiovfneaelt @ig301i ssnai ﬁéi.im%dudittd%| ow

about 210C by CBQEEQh[ithEhPe§%€E ‘%dﬂhmFQﬁOBrOgH§§9g§t t&%es,
while a coolant, e.g., pressurized water (PW), is
15 introduced into the shell side where it boils and is
removed as steam (S). A small water purge (boiler
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



hence its tenperature. Controlling the process paraneters as described
according to the invention nekes it possible to limt the uptake of oxygen
within 25 the reaction mediumin the first reaction zone to a value which
is |l ess thawoaRfsnér t he oxygen required for full conver sipam/usb1/19960

par axyl ene to TA. Thus, paraxylene is converted in first reactor 30
primarily to TA-internediates, such as p-tolual dehyde, p-toluic 30 acid
and 4- CBA. Underxadie: ubes passed Bﬂbeeasttwﬂ:h’v,tiujm; refalogofi rah beastor wl |

not produce anyssolid ki tof}_ou%oalég Adﬁawaéltése rc%@eteer tgﬁﬁl gn'is shown

in Fig. 1, reactor 30 can any suitable reactor desig \?A provi si ons
for optional he%fiacr%ﬁthar?dwggnobf‘i’8ﬁ’é+°'h1ﬂﬁ‘?%e§‘"b>?§fgéﬁd ﬁFeb‘E‘FBn For
exanpl e, the rectyacar havatenhtkplelyubehpassesornickh bpt konal  oxygen

injection into {he gﬁeazﬁée'é%%fé%d M,HB3 8@{“ gl%!]ed\/\@agly %Qé@zﬁe a

PCT/ USOL/ 19960 eac ass ter na eactor can single
cool ed or uncodfh (Cﬁ@f%at%“d)ecsfrtlpflréﬂsﬁé?ﬁ@ leanddornilngookggen i nj ection

upstream of andé&dctdd .0 igmeﬂueaﬁb@rawéf@amé vel }badkhﬁulkéac'for can be a
series of cool ed or, uncool sti.rre tan react naectl on

upstream of andj %< AR 3 FRALYSH $Ur tfﬁ T eﬁatmg ﬁat ¥98“m8
back- m xed 10r eagixgulatiinge logy @SythOSucﬁl@s ofygeredadgicéion porped 10

circul ating |00t91é elafaporandmaplh%meﬂewl £&hé oAl ifHom thle 1beppaand opti onal
heat renoval nglf?k\} I oo({) A gst rated in Fig. 2. The reaction nedium

exiting plug-fl a3 36 i s fed via line 19 to a second reactor,

15 i.e., oxidation 20, V\/m ch,..as shown, ventl onal ,
conti nuously sti rreﬁr & e Pegi UPHEX L BRI G ¢ S]r’rlf ﬂfrl&?'e r§Rich is the

subj ect of debot¢dadtemecdd nig fedwibahénesly, td e gEoessureactothe reaction
medi um i s GﬁgucfgePP ékﬂﬁgﬁf%ﬂ QOBQ? Egﬁgﬁhf%h, 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 oxr 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



20 from 1,000 kPa to bel ow 2,000 kPa., Pressure reduction can be

conveni ently acconplished by passing the reaction nediumthrough one or a
plurality of pressure |etdown valves or nozzles 21 positioned about the
peri phery oWwg®asiser 20 whereby the reaction nmediumis 25 ROTSEOI/S®E r api dl y
by injection into an agitator inpeller region belowthe liquid |ine of the
reactor. Process conditions within reactor 20, i.e., tenperature,
pressure, catal J¥EE¥BNEhtYH @3 &§dngr esnvenkror3 havetdhadsyi t hi n

conventional raggesned @Aﬁ&pmnpi%%@oypé@kewmﬁ%&&Licle%efé_ys_s%%q‘iggd e

oxidation intensity. A fresh supply of air or oxygen-containing ¢
22a, is introdueedtai FUW ASLtdicspeidednfinvatehe 1y exiidemsededilam in -

second reactor 20,bvn &Y LONVER &Rst 32 gg@ngona'é%ggcflé Sy Qc%%ﬁirtn%tde to form

a slurry within reactor 20, and 1t can recovered fromthe reactor 12 WO
02/ 055467 PCT/ Usod/ 1998ty &hedt el & inené228onsferd cuimean inerkel-upettibods.

Over head vapor r i i.ll.necessar] | tai.n, soQ acetic
acid and vvater,Elﬂs)&coﬁ%g#sgerd%&'aV@ %gﬁgg%lgle'?gﬁf %éd ahr%estt%%; %tlﬁleag ndensat e
is returned, ivater reuyddrerhteyisdrieiame ($2-€atlédeachistr ebmawrmifdEiugsto first

reactor 30. A proporti of the aceti,c,acid, and ter condensate stream
(so-cal | ed wat ef* d?%’f/ve%ﬁ(} 5 SSOP1 ie\r/lgr tdgay%atélg%l%\A%enhe%oycﬁeg‘tolv@n% stemto
renove the 1010 wmater of rescticon. Optionally, bwi med sHww), aa portion of
t he condensat e may, be re}n rned to, reactor 2 to the reactor headspace,

0,
via a reflux slPageton (Lngrb% PRICREALEABRY oS PRI NAG B SEFETRTe f eed

line or by nmix2og tétthd heeavtcst neadbpadest veam FdMalS1ikyet)e i nvention
provi des an economical, and reliable mnethod for staging the TA_ oxidation
reacti on wher eb§P e §R SR tiSGHTERBaZPRS: oY 13 R oIRRARITEnAes AdPe- st age

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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oxi dation reactor of the type found in many commercially operating
terephthalic acid processes can 20 be increased by up to 100% 13 WO

02/ 055467 PCTI US01/ 19960 CLAIMS What is clainmed is : 1. A nethod for

i ncreasi ng Wweoozpsaduction 5 capacity of a conventional oxpciaisoomesseact or
for catalytic liquid phase, air oxidation of paraxylene to terephthalic
acid, said nethod conprising staging the reaction according to the

foll owi ng sequential steps: (a) form ngceafeed stream conprising acetic 10
acid and oxidation catalyst at an el evated pressure in the range of from
2,000 up to 20,000 kigay (b gj{ ting the feed stream (c) continuously
and sinul taneously feeding ( § the oxygenated feed stream and (2)

paraxylene to a 15 filfStArﬁ%ﬂ&??@gﬁ%&%ﬁ%&h@?gﬁeU}?{éﬁ@@ﬂéﬂ om sai d

conventional _oxidation reactor rma reactic umTn which the
acetic aci d:par 8RppehkY nefsareeneentionad orddphhge vea¢kewn dor 20: 1 and

reaction productstadyeifel d@idashdde,Salivt beRaasibheyr aprd oGl w2 25 (d)
limting the uptake of gﬁ/ake]n wthin the reaction nediumin said first

reaction zone tboSheRaFY FeHi S DethgA SeURBESIRE DY rBui red for

full conversiopegbtibg PeERVLimNEPBLRb1l Ol R EHEENSNE La1 aidbs:(€)
feeding the reaction nediumto said conventional oxidation reactor while

si mul taneously reduci ngaf hefgum@ssle febdt Beréanctomr idigimded i& value in
the range of from 1,000 kPa to, 2,000 kPa. 2. The process of Claim1l in

whi ch sai d ¥9 r sfcidoapdagtidpt heCatelysy ag proflerakedrPersasmdi ni xed
the range of from 2,000 up to 20,000 kPa;

(b) oxygenating the feed stream;

(c) continuocusly 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) 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 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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reactor. 14 WD 02/055467 PCT/US01/19960 3. The process of Caim2 which
conprises the additional steps of: (a) vaporizing a portion of the acetic
acid 5 present in said conventional oxidation reactor; (b) renoving the
vapor from {ecozfessugi or overhead; (c) condensing the vaporeCTawsdi/femso
recycling sone or all of the condensate to 10 the feed stream 4. The
process of Caiml1l or Claim3 which includes the additional step of

diverting a portion of. tThe pacexysese dieac fr e@mithechbinpsliségagid on zone to
sai d conventional reacto mherebg the resulting 15 sol vent: paraxyl ene nass
ratio in the: reé’éjldilgﬁoﬁééi §hPPA ©fhe first reaction zone is adjusted
upwardly in response t? Shat gortj on of the paraxylene feed which

bypasses the first reactd’ VIPIEHFERE 3 POGLEREpBAdFRG acatife 39itxcess of

25:1. 15 5 present in said conventional oxidation reactor;

(b) removing the vapor from the reactor

overhead;
(c) condensing the vapor; and

(d) recycling some or all of the condensate to
10 the feed stream.

4. The process of Claim 1 or Claim 3 which
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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