WD 03/ 095408 PCT/ US03/ 13772 PROCESS FOR THE PRODUCTI ON OF CARBOXYLI C ACI DS
CROSS REFERENCE TO RELATED APPLI CATION This application clains priority
benefit oWoW3/0S408r ovi si onal Patent 5 Application Serial pNurdses/ 1680z 378, 311
filed 6 May 2002. FIELD OF THE I NVENTION This invention relates to a
process for producing carboxylic acids, particularly terephthalic acid.
DESCRI PTION OF THE PRI OR ART 10 Terephthalic acid is an inportant
intermediate in the production of polyesters used, for instance, in the
manuf acture of fibres, bottles and filnms. Oxidation of para-xylene with
mol ecul ar oxygenPROGEBSWEOR( EHE.PRRDUKTION OFhGARBOXNOGrAGIDS i ¢ aci d,
usual |y acetic acid, as solvent in the presence of a catalyst system

cont ai ni ng one or nDIGROBSVRERERENCE dth Rid AHRIAPRILICHT I@dhganese and a
pronoter such as bromne is well known as the standard nethod for the
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Al t hough this nethod is favoured for_the nercial production of 20
terephthalic acid, there remimmmm | oss of the acetic acid
sol vent takes place during the reaction. This |oss of carbon fromthe
process i ncreasddlis fyepsan f@'ﬁ%ﬁ@rﬁa@"%ﬁssw&r@@é@'ﬂ@ caEhryigasidsecurs as a

result of ¢RmpiRAlPRrephthast beidaci d to form carbon oxides (CO and C02) and
as a result of the formation of nmethyl acetate and/or nethanol as

by-product (s). 25 The for npHSERMETIOR OF THESRICGR &MY or net hanol from
acetic acid can account for about 20-30% of the total carbon | oss. The
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sol vent, whef eicataliist sysperarcostdihingrainessrahoezihéavwnmetals sychiasicobaltiogact i on
cont ai ni3Y e JIRIGRY!AHPL BhémBlbr RLEAUS rb iR R kNSAHYE the standard
method for the preparation of terephthalic acid. Acetic acid is particularly
useful as the solvent since it is relatively resistant to oxidation in comparison
with other solvents and increases the activity of the catalytic pathway.
Although this method is favoured for the commercial production of
20 terephthalic acid, there remains a problem in that loss of the acetic acid
solvent takes place during the reaction. This loss of carbon from the process
increases the cost of operation. The acetic acid loss occurs as a result of
combustion of acetic acid to form carbon oxides (CO and CO,) and as a
result of the formation of methyl acetate and/or methanol as by-product(s).
25 The formation of methyl acetate and/or methanol from acetic acid can
account for about 20-30% of the total carbon loss.

The combustion of acetic acid has previously been investigated and
various solutions for controlling the combustion have been proposed, for
example, specific reaction conditions or a specific catalyst system.

30 The other principal mechanism for loss of solvent, i.e., the formation
of methyl acetate, was addressed in US-4239493 and US-4560793. These
documents disclose a process for the production of terephthalic acid in
acetic acid solvent, wherein the vapour effluent evolved from the oxidation
reaction containing the methylacetate by-product is passed through a



WO 03/ 095408 PCT/ US03/ 13772 condenser which recovers a portion of this
by-product as a condensate. The remaining nethylacetate in the off-gas
fromthe wondeoses is recovered by scrubbing the off-gasperiusoaesv: c aci d
and the recovered nethylacetate is recirculated to the reaction. The
resulting increased concentration of 5 nmethylacetate in the reaction nother
| i quor has the effect of suppressing the formation of nethylacetate from
acetic aci dcondensgrywhichuie¢coners Iaep%l'g@lﬂuﬂf this byareduet ascd gordensate. Thet .
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conpri silfg z?&@?qte(f\%&‘?jox'gﬂ'g‘gf?ﬁ' catal yst, precursor and oxidant; (ii)
optionally recycling nethy acetic acid as a
by- product back to the reab&ﬁ%ﬁoﬁﬁb@ﬂﬁqu\lvﬁlb tici ng addi tional
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met hyl acetate addf@n QRIEaERIGhisHBYeRfINg RIPYIHEI2 PRPCess FURERIRG ed et hyl

acet at e recyfnesrobactivd arbbf [6€AGH lp@ﬁ.dwmium ofréitﬁetmpio@ealvehecnyaie ng of
nmet hyl acetate @r oduce rea d| um may be

achi eved by PALUPRYTE R a\?ﬁ‘b%%%c’%ﬂ%d ﬁgh‘?tagﬁﬁ '&Hﬂ Rlaast%gx@g{lmp dcetate
by- pr oduét fooorspbedinggrecunsonygudirticnlaththeughanafacturderi semrephthabicracichy of sai d

met hyl acet ' ' 8 I's 30 recovered as a condensate fromthe
condenser. 2{13% Paggrf}sa)g}?écﬁ%referabl y substantially all of the remaining
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re-cir cul at gaoductioneofracgamboxylinacid wmnits ester by catalytic liquid phase oxidation
of a corresponding precursor in acetic acid as solvent, said process
20  comprising (i) forming a reaction medium comprising acetic acid, oxidation
catalyst, precursor and oxidant; (ii) optionally recycling methyl acetate
produced from the acetic acid as a by-product back to the reaction medium;
(i) introducing additional methyl acetate and/or methanol into the reaction
medium, said additional methyl acetate and/or methanol being additional to
25 any recovered methyl acetate recycled back to the reaction medium.

The optional recycling of methyl acetate produced as a by-product
back to the reaction medium may be achieved by passing the vapour
effluent containing the methyl acetate by-product from the reaction medium
through a condenser. A portion of said methy! acetate in said vapour is

30 recovered as a condensate from the condenser. At least part and preferably
substantially all of the remaining methyl acetate is recovered from the off-
gas of the condenser by scrubbing the off-gas with acetic acid. The methyl
acetate thereby recovered is re-circulated to the reaction medium.

The methanol or additional methyl acetate may be introduced directly
35 into the reaction medium or may be introduced, for instance, into the acetic



The net hanol or additional nmethyl acetate may be introduced directly 35
into the reaction nediumor may be introduced, for instance, into the
acetic 2wW0030%540€5408 PCT/ US03/ 13772 acid feed stream pPCOrUSH®13IN2
concurrently with entry of the acetic acid feed streaminto the reaction
medi um The process of the present invention is advantageous in that it
reduces the anobunt of non-productive carbon loss in the reaction. There is
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of formic adi
unit's operatlng temperature. Such processes are generally used

commercially only where the economics of acetic acid and methyl acetate

20 purchase allow it, i.e. where the cost of the support fuel and/or methyl
acetate/methanol is low enough to counter balance the acetic acid loss, or
for compliance with local environmental regulations to minimise emission of
carbon oxides and, for instance, methyl bromide. A plant of this type utilises
catalytic combustion, for instance as disclosed in WO-A-96/39595.

25 The amount of additional methyl acetate and/or methanol is no more
than 4 mole %, preferably no more than 3 mole %, and more preferably no
more than 2 mole % of the solvent feed. Preferably, the molar concentration
is at least 0.5%. Preferably, the molar concentration is 1-2%. If the
concentration of added methyl acetate or methanol is too high, detrimental

30 side reactions such as the build-up of formic acid begin to dominate and an
increase in the carbon oxides in the vent gas per mole of para-xylene
feedstock is observed.

As noted above, the concept of recycling methyl acetate in a
terephthalic acid manufacturing process is well-known and practiced
35 commercially and it is in such plants where the present invention is



I ncrease in the carbon oxides in the vent gas per nole of para-xylene
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In a second X5E&ct, the present invention provides, in plants operating an

of f - gas abat enent f aci I|t¥ economni ben? itt as.a result of the
In one aspett, the present invention therefore provides an

unexpected advantage in decreasing non-productive carbon loss, in
20 particular loss of acetic acid solvent, in a manufacturing process for
carboxylic acids which practices methyl acetate recycle. Thus, there is an
economic benefit in increasing the methyl acetate or methanol concentration
in the feed to the reactor which results in a reduction of methyl acetate
formation from acetic acid without increase in CO or CO, formation per mole
25  of p-xylene feedstock.

In a second aspect, the present invention provides, in plants
operating an off-gas abatement facility, economic benefit as a result of the
fuel value obtainable from the unexpected absolute increase in volatile
organic compounds (VOCs), i.e. methyl acetate and/or methanol, in the

30 vapour effluent or off-gas from the reactor. The absolute increase in VOCs in
the vapour effluent or off-gas is derived from the additional methyl acetate or
methanol introduced into the system according to the present invention.
According to the conventional wisdom, for instance as described by Roffia et
al, it would have been expected that any additional methanol and/or methyl

35 acetate would have decomposed to CO and CO; before reaching the
catalytic combustion unit. The present invention teaches that additional
methanol and/or methyl acetate introduced into the system is not lost via the



fuel val ue obtainable fromthe unexpected absolute increase in volatile
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In general terms, the catalytic liquid phase oxidation of p-xylene to
produce terephathalic acid comprises feeding acetic acid, oxidant, para-
20 xylene and catalyst into an oxidation reactor that is maintained at a

temperature in the range from 150°C to 250°C, preferably 175°C to 225°C,

and a pressure in the range from 100 to 5000 kPa, preferably 1000 to 3000

kPa. The feed acetic acid : para-xylene ratio is typically less than 5:1.

The oxidation catalyst is preferably a homogeneous catalyst, i.e. it is

25  soluble in the reaction medium comprising solvent and the aromatic
carboxylic acid precursor(s). The catalyst typically comprises one or more
heavy metal compounds, e.g. cobalt and/or manganese compounds, and
may optionally include an oxidation promoter. For instance, the catalyst may
take any of the forms that have been used in the liquid phase oxidation of

30 aromatic carboxylic acid precursors in aliphatic carboxylic acid solvent, e.g.
bromides, bromoalkanoates or alkanoates (usually C-C4 alkanoates such as
acetates) of cobalt and/or manganese. Compounds of other heavy metals
such as vanadium, chromium, iron, molybdenum, a lanthanide such as
cerium, zirconium, hafnium, and/or nickel may be used instead of or in

35 addition to cobalt and/or manganese. Advantageously, the catalyst system



kPa. The feed acetic acid : para-xylene ratio is typically less than 5:1.
The oxidation catalyst is preferably a honbgeneous catalyst, i.e. it is 25
sol ubl e iwotohmossemcti on nmedi um conpri sing sol vent and t he pararsas/i3772
carboxylic acid precursor(s). The catalyst typically conprises one or nore
heavy metal conpounds, e.g. cobalt and/or nmanganese conpounds, and may
optionally include an oxidati on(grom)t er. For instance, the catal yst may
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oxidation reaction is exothermic, and heat may be removed by allowing the
20  acetic acid solvent to vaporise. The corresponding vapour is condensed and
most of the condensate is refluxed to the reactor, with some condensate
being withdrawn to control reactor water concentration (two moles of water
are formed per mole of paraxylene reacted). The residence time is typically
30 minutes to 2 hours, depending on the process.

25 The effluent, i.e. reaction product, from the oxidation reactor is a
slurry of crude terephthalic acid (TA) crystals which are recovered from the
slurry by filtration, washed, dried and conveyed to storage. They are
thereafter fed to a separate purification step or directly to a polymerization
process. The main impurity in the crude TA is 4-carboxybenzaldehyde (4-

30 CBA), which is incompletely oxidized paraxylene, although p-tolualdehyde
and p-toluic acid can also be present along with undesirable color formers.

The invention in one of its embodiments is illustrated by Figure 1
showing a p-xylene oxidation process in which full methyl acetate recycle is
being practiced. Methyl acetate is conventionally recycled to the oxidation

35 reactor in a number of ways. Methyl acetate in the acetic acid reflux from
the primary reactor (20) is directly returned to the reactor (20) from



20 acetic acid solvent to vaporise. The correspondi ng vapour i s condensed
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condensatwo obeH35ag8 Wi t hdrawn to control reactor water conceaTrasns/or7two

nol es of water are fornmed per nole of paraxylene reacted). The resi dence
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by filtrati ?é‘act&@éh@%ny@dmﬁ@tr‘%%ﬂw t@l)é%@oh@e%&@l‘s%gﬁ) af@”‘&%u%é‘d irf hereafter

fed to a separate purification ste direc ynerization
process. ThéCFHQWFW ﬁ%(h"ﬂ@/pfﬁ’ﬁspﬁ@ %‘é) with ,ageﬁc éﬁ‘fjtﬁi'g{/‘ﬂé??[al Tnyde (4 30
CBA), whi chekgattis® §@|k/@meﬂrcqum$cbraedsg)@rtawIs@neto thlet S récdv@r?dc’ﬂ dehyde
and p-toluic aci alon W|th deswa or fornmers.

ese
The inve t|8509‘?‘?33&&"6&30\’?%0@%‘%%5%‘51?9"’?9 4 U%e[t taé:(?t%?tzl% Jlre 1 showi ng
a p-xyl ene oecytdad dinegthotodbe reactahfegd (13). net hyl acetate recycle is being
practiced. Methyl acetate is conventionally recycled to the oxidation 35
reactor in a nunisthgf acesie. prhfbemylh the pradiect istrebime(3 drim theapiimaryef | ux from

h h

03/ 055408 PESTCELS et Tnhhah ihe phiuesGHOER s, TR Indriflil "o © YO
Vent gasses contaningengthyhaestater @aés mn\m@oaalw al@wgtercbmnndhwtr@qiwqtsat i on
vesse'816221e Bﬁth%ﬁl&%ﬁ?ﬁ'm ﬁmat.&ﬁ:w.bmsKr@mﬁﬁt@& @Fo%é%‘hﬁ)th@ﬂihu%?) Wi th

acetic acid wat er he xtract ggn solvent fromthis process is then

sent tot he(@b‘ls\f@ﬁ'ﬂ SP@%\F{%W”BSBV‘E% Q) inkp t"\’%@@%r@/dﬁﬁcl‘d@éwlﬁ S¥EAR sol vent
and net hyl a6pamd a duye streant @)y Thedlidict asdycle $teedresy isabenretlesst, (13) .

Met hyl t t t. f th t
s cont ai ned RGP SRy AE AR e B 5Bt i, o
cont ai ni ng fiee hgdctarckeedt & hedmotherdignoepuigersttdam s@piarsenttb & distillatien pr oduct
10,1 er ept Nalifonei ) by tebatly diBlik sl dfle 111 Lrate or process

not her |1 quo en's

treamsplitter (26) into tw parts: a

direct recycle Stfh%aéQno(e%)sa?e'\gltﬁqr%wahg)s‘ﬁ&rﬁ@k(t?en ﬁﬁﬁ\ e’ Rhetnddfey c! €

stream (5) is then Treturne con acetate directly
to the oxi debhdensersystam(20)onthe prﬂméry@@@t@r(2f3b§calscrﬁ@nhﬁ@tth@rsolweqmor

g]‘jr ggeflt Leggéla%&)gor* gya%m (479 t8géthet With@ohfor diPofthel INdrd (seli@br t he recovery

scrubblng methyl acetate from the primary reactor vent (2) and from the

20 crystalliser vents (9). A methyl acetate rich stream (10) is then
conventionally produced within the solvent recovery system (27) from these
combined sources of recovered methyl acetate. This recovered methyl
acetate is then recycled to the primary reactor (20) by mixing with directly
recycled mother liquor and fresh solvent feed as stream (11). In feeding the

25  oxidation reactor (20), stream (11) can conventionally be combined with

streams (5) or (13) and some or all of stream (1) before the primary reactor.

The invention described above constitutes the addition of methyl
acetate or methanol (12) into the reactor feed (11) or the mother liquor
recycle stream (5) or any combination of these with stream (1), the reflux

30  return.

The invention is further illustrated by the following examples. It will be
appreciated that the examples are for illustrative purposes only and are not
intended to limit the invention described above. Modification of detail may
be made without departing from the scope of the invention.
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The condensate wi thdrawal (8) normally taken fromthe overheads condenser
system (21) on the primary reactor (20) is also sent to the sol vent
recovery wosBesm4(27) together with sone or all of the sol vemtusosexd7s or
scrubbing nethyl acetate fromthe primary reactor vent (2) and fromthe 20
crystalliser vents (9). A nethyl acetate rich stream (10) is then
conventionally produced within the solvent recovery system (27) fromthese
conbi ned solxpeimemtalecovered nethyl acetate. This recovered nethyl
acetate is then recycled to the primary reactor (20) by mxing with
directly recycl dherfotiowing éxampleaigstrateshowdhe énventieagaadest ream (11). In
feeding theygsfhddatd B ggeﬁfmﬁgu§%mag-sﬁaﬁ@e%éﬁ% f%@ng.cmg%gl onal ly be

conbined with streans 3) and sone or a )f  Stream 1)|_ before the
pri mary r ea®faftical ttheecyriednethyhaekiate direaly=0m9 Pilebaxidation ¥essahe TAEISt i on of

et hyl aget gue t@rthéraim@mgl of(ré2dverMgPand redyefed BotH ®ethbroddds Motiidre not her

| i quor recycle stream ., or _any comnbi pati f ith str 1), th
et ne 30 1aEH A0S FEvoRleRaramnecty i Pretent cOmREbed IR/CIRe ol | owt ng
exanpl es. | heskssarheo sapplate metled atbate réwyobxansueb aaurdt dodesdribest rat i ve

pur poses On'b%l d are not intended to limt the invention described above.
Modi fication of detail may be made wi thout departing fromthe scope of the

exanpl es. 111 ustr 40 IR ARSI T Gre ek (eCRBHERIFRFLIARR Y ot ous

smal | - s¢@l e ppodasstisslefinediblyi ty. It is not practical to recycle nethyl
acetate directly on a pilot oxidation vessel. This is 5 due to the
difficulty 66 Metbyphardtatg renvcle scde®AQ imtiehraastorfeed esalesrpehaole | i quor and

the volatile conponents in the v, -%I&%TME?@& péayiﬁlag@gfégéao} edélés B,Q,ecessary

to simul ate nmethyl acetate recycle on suc uni cri el ow. The
percentage of nethyl acetate (MOREPPHSNS)X ABHieved in a 10 process is
defined by: % Methyl acetate recycle = gl\/EOAc in the reactor feed nol es per
mol e p- Xyl ene/ MbDAEderdansimylate ety acetatareexcipen a pilot oxidation unit,

15 one gradually increases the concentration of methyl acetate in the reactor
feed by substituting part of the acetic acid solvent with methyl acetate. At
the same time the concentration of methyl acetate leaving the unit in the

mother liquor, via the condensate withdrawal and through the reactor vents
is monitored. As the concentration of methyl acetate in the feed increases,
20 the percentage of simulated recycle also increases until the concentration in
“the feed exactly balances the measured concentration leaving the oxidation.
This state is 100% methyl acetate recycle and simulates the effect of a
manufacturing plant recycling all the internally generated methyl acetate until
a steady state is reached.

25 Example 1 below illustrates the invention by showing results from an
experiment carried out at above 100% methyl acetate recycle, giving the
vent carbon oxides loss and total carbon loss measured for the experiment.
Comparative example 1 gives results from an identical experiment where the
degree of simulated MeOAc recycle was 89%. Example 1 clearly shows a

30 benefit over comparative example 1 in reducing total carbon loss from the
reaction. Example 2 shows results from an identical experiment to example
1 but with no simulated methyl acetate recycle. This further illustrates the
benefit of operation at greater than 100% methyl acetate recycle and the
advantage of adding some further MeOAC to the reactor solvent feed.



nol e p-Xylene) X 100 In order to sinulate nethyl acetate recycle on a pil ot
oxidation unit, 15 one gradually increases the concentration of nethyl
acet at e iwotohmossemct or feed by substituting part of the @cetisos/azrd
solvent with nethyl acetate. At the sane tinme the concentration of nethyl
acetate leaving the unit in the nmother liquor, via the condensate

w t hdrawal and through the reactor vents is nonitored. As th

e
concentration of Exenmp)e 3ans eeraparative exaaye 2rtysteaie shatthe inuentepcent age of
simul ated r @9)éfét6s @lsﬁ@ 4 DffePastatalPst dystdiR aﬁ‘n@ﬂﬁﬂﬁrrcﬁffér@ﬁtt éramréeed

exactly bal anc measur ed concent rat I gn vVin at| Thi s
State 1s 10000HEPH BYOBIRATEG G gepa AR &) Ul AeuBdee et
manuf act ur i r@;yp;lethhreemmdm atB39%h mdthg acetaterratycle gxsrmttaémknp‘m hghd acetate

unti | asste hed. 25 Exanple 1 below illustrates the
|nvent|o?1 by ﬂﬁ) @ge ?’é ‘t%?Ffrom an experinment carr| ed out at above 100%

nmet hyl acet ate r n rbo | d total
carbon | oss neas ;ﬁ%& r%ﬁégpwnté Rve%(?ﬁpgqjh% Qgﬁgﬁs gi ves

resul ts fromethanogMe@id) raihpemlanﬂ\ﬂeoﬂdaeasethemidltd@gr ee of sinulated MeQAc
recycle was 89% Exanple 1 clearly shows a 30 benefit over conparative
exanpl e 1 in rediRasulfstane preseatdbim Taslesflrand 2he reacti on. Exanpl e 2 shows

results froman identical experiment to exanple 1 but with no simulated
met hyl acet at e r &xpedme STbhomphuativeesxanmple st ard esambie 6 lshoefthat wheoper at i on

core £ ut{ hel ke e R RPs SATORE rEUEH A% o BLhaRbaggont 20 N0
PCT/ US03/ 13T, catalyst activity detarionater signiicantiyipb shewn bythervarg t hat t he
| nventi on OE@rﬁ’ﬁ%%tHSCBﬂ |ﬁcr@a§é%ﬁd‘¥h§§élé& FHeficReN tha BsiREigehf f er ent

tenperature conparing an experinment at 101 % si nmul at ed
met hyl acet £@ctiogd] %”WQSFP%%Y r at 83% nethyl acetate recycle as with
exanple 1 and 5 conparative exanple 1. Exanple 4 illustrated how t he
i nvention can be fﬂ)ﬁamﬂaé'éél "9§l|‘|Fﬁgfr0’He'=l RaYne @edetion eagkion felan MeOAC as t he

addi ti ves Reppldvenidrts m e6leBtidf) drvafiaibas inl catatys? actixe iplstnfporz@irar ati ve
exanpl e 3 and exa ow that when 10 hi gher concentrations of MeQOAC

and MeOH V\BPQ”]W?J %(‘f“‘ihﬁ he react or
Example 1

A zirconium pressure vessel of 5 litre capacity equipped with a stirrer,
a reflux condenser with condensate withdrawal facility, an air inlet, a heater,
20 afeed inlet line and a slurry discharge line was charged with 3000 g of an
acetic acid solution containing water 8%, methyl acetate 2.3%, cobalt 200
ppm,'manganese 400ppm, sodium 100ppm and bromide 800ppm. Cobalt,
sodium and manganese were added as their acetate salts. Bromide was
added as hydrogen bromide.

25 The vessel was then heated to 213°C and 19 barg pressure and
maintained under these conditions with agitation. An acetic acid feed stream
of the following composition was continuously added to the pressure vessel
at a rate of 3100 g/hr: p-xylene 18%, water 5.5%, cobalt 120ppm,
manganese 240ppm, sodium 60ppm, bromide 490ppm, methyl acetate

30 2.28% . Air was also added to the vessel at such a rate as to maintain the
reactor vent oxygen concentration at 3.5%. Condensate was withdrawn
continuously from the pressure vessel at the rate of 1000 g/hr. Product slurry
was continuously discharged from the autoclave into a pressure let down
vessel before sampling.



feed, catalyst activity deteriorated significantly (as shown by the very
significant 4-CBA increase) and the selectivity deteriorated (no coi nci dent
reduct i orworsjoes4ns was observed). I n conparing results fromca/gsexyizene
oxi dation reaction for 15 inprovenents in selectivity or variations in
catalyst activity it is inportant to conpare like with |ike. Exanple 1 A
zirconium pressure vessel of 5 litre capacity equipped with a stirrer, a
refl ux condenser Afiertt haunrdefsantinuaushepearation ftheidarbgn losa fegim thenl et , a
heater, 20 ' i I i b ged with
r@aétﬁﬁ%b@h%ffrﬁﬁ@d.?f’?ﬁis Has a‘é.rh'ié(/egl %l?\%::agg%\é fgget %@fee‘ﬁ%‘h@ﬁ

3000 g of an acetic acid solution contalnin acetate 2.3%

cobalt 200 OppMPradueaasken aidspnmedvdraaiateopgiiansh et rENgdeppm
Cobal t,  sodhatRaA8 AndBREMYERPMARS B thedrmht aBsédaischarRierémIth she Br oni de

was added as, hydrogen bron de.. 25 The vesse| , was fhen heated,to 213C and
e barg By o XSl A TOckay & g fat e USSRt e Tmel e ACOER Adr t ot Lon an
aggt ijc aci ﬂnﬁe’iﬁdnettihehewitthﬂramcbndiémmgqo'mlrfmithé ogaction amhthienuousl y
added to the.pg Vi a t N o 0% wat er
298%  conal DISEEETae Broffinf ShirySTh8 0 alnet Cilcialld af o HORNErBBNC

met hyl acet pee ngge of peogeneninrthadsactos tees dée total chacenrisation eftmetivh a rate
as to maint %b@tét@%tﬂeet%%%ﬁfr f?‘?@oﬁ]sﬁ%@%cé%ﬁ%ﬁrrrﬁél'eﬁ paiyl ne A tHedreggnsat e

was wi thdrawn contil nuous ressure vessel at the rate of 1000

g/ hr. P|1%dud\tasstlhﬁﬂr%dbtr@ﬁ%edzféqﬂ‘ithiﬁdggﬁlgo givedha gt garosipesEoautscl ave into a
pressure | etregstivh. Vies petcebeiges 6f rhatiyl bogtatd rétfPcRENAS A RETTAANBAK3 772

After 6 hours of continuous operation, the carbpn |oss f.romthe reaction
tas det er i HERTCHPEIRALOIERN R BYY st haRAtP fon Ealing PG KRS
by- product caothenliguirdesl witedrayin careteatsete sanp@sol , et hyl br omi de,
nmet hane and nethyl formate in the vent gases discharged fromboth the 5
oxi dati on aut ocl &ihe produtEterefththalicessidlcontaided H808pphybf 4cet at e and

i h . . icon’ g "
0 schar ged SPRRRbPaR! ﬁ%ﬁ@%@%ﬁ@ﬁﬂ@%@é AR ERd A BB Has 2T o1
per nol e of 183%. éhe total of sathasy oxides) fromnthe ieagtior wasdh2pat i on of et hyl

moles/mole p-xylene in the feed. The net total carbon loss was 0.25 g-atom
carbon/mole p-xylene fed.

Comparative example 1

20 An experiment as example 1 was carried out but with 1.5% methyl
acetate in the reactor charge and 1.5% methyl acetate in the reactor feed.
The extent of simulated methyl acetate recycle was 89%. The product
terephthalic acid contained 3500ppm of 4-carboxybenzaldehyde. The total
loss of carbon oxides from the reaction was 0.26 moles/mole p-xylene in the
25 feed. The net total carbon loss was 0.30 g-atom carbon/mol p-xylene fed.

Example 2

An experiment as example 1 was carried out but with no methyl
acetate in either the feed or in the reactor charge. Thus, there was no methyl
acetate recycle practiced in this experiment. The product terephthalic acid

30 contained 3500 ppm of 4-carboxybenzaldehyde. The total loss of carbon
oxides from the reaction was 0.28 moles/mole p-xylene in the feed. The net
total carbon loss was 0.36 g-atom carbon/mol p-xylene fed.

Example 3

An experiment as in example 1 was carried out but at a reactor
35 temperature of 180°C and air was added to the vessel at such a rate as to
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acetate in the reactor feed as g-atom carbon per nole of p-xylene in the
feed 10 was then subtracted fromthis total to give the net carbon | oss
from t he womaobi4er. The percentage of nethyl acetate recyeka/usayiaiso
calculated from the reactor feed concentration and the measured
concentration in the vents, nother liquor and w thdrawn condensate
sanpl es. The product terepht halic acid contai ned 4000 ppmof 4 15

car boxybenz araletajrithe reastanvesh oxygerscongent@dionst (fjh. Beetnitiad readotl e was
103% The t ghaf ém.&éd%@bengoaﬂaﬁécéﬂmmm &S%tm 8W§«aﬂer2§ 5%

nol es/ nol e p-xyl ene i n he net total carbon_loss g-atom
car bon/ nol enﬂﬁ yl agedatee 440QRpM £oRel A7 PRMMangangseai0 R%rﬁ%ém‘ 9%5'9 exanpl e
1 was carri e@7oppmbbrbnwuém1;oﬁﬁﬁm1§w¢etucaam fder mhbffends»emgtor charge and
1.5% et pyl acetate in_ t

t feed I t t hyl
acetate T ecPRIMPARAONIYaE %@elﬁ%@%%gg\?? at gﬁﬂfen(g&@bta%/ﬂ eanae ﬁgo/ °g§00)|c/)pm
of 4-car boxwm@lzxahﬁ/e,hyelthyl dbatateo? W, cobal$§46ppmantangamesdé§0ppmm t he

reaction Wa§88 pagbﬁlsfbge}mp f@dp%ﬂfe(tncghc;&ga?éig@%% thgwg\%%uﬁ%@é carbon

| oss was O car ? n experinment as
exanpl e 1 mﬁ@%m&feﬁ@t%tﬁt%f@ﬁe@f %ngbfrret hyl acetate in elther the feed or
in the reactor charge. Thus, there was no nethyl acetate recycle practiced

in this experinedhe Erephihaltuatid peedysiedtzad a 4aearbozybermaidahyde 3500 ppm of
4- car boxybengatsahnim ofTélﬁ)dp%al Theextet o(f@rrhmateooeﬁb@eﬁ abE@i tgcleeact i on

vva5028rmes!/; |nthe total car | o0ss was
0.36 g- atom%r%?ﬁngrheptoié} Qsseofrcab O'Eﬁ?éﬁjﬁpg 'Ppﬁﬁﬁﬁg)ég in exanpl e
1 was carri ﬁﬁbl@svfmdwtp )Qilerfi?e frethetfeed 3Bhé aet)tﬂtaitwrbomfosk&@é% ang gatomas added
to the vessel as to 10 WD 03/095408 PCT/ US03/ 13772

mai nt ai n thganZOam fp\)(é{ﬁﬁn t%qgen concentration at 5% The initial reactor
charge consisted o gl 'tg an acetic solution containing 8 water, 2.5%
nmet hyl acet Q@%@g&%&é@r t, 470ppm nanganese, 100ppm sodi um and
1870ppm promni de. A continuou cetic acid feed of the fo]lown
conposi t?on was FEUEXREIMRNL a?’%aailiféeé?mﬁlerif”@so‘?arﬁ%‘gﬁugbwrw':th g%fyl ene 18%
methyl acetate in the autoclave feed during this period. The extent of
simulated methyl acetate recycle was 83%. The terephthalic acid produced
had a 4-carboxybenzaldehyde concentration of 2800ppm. The total loss of

carbon oxides from the reaction was 0.19 moles/mole p-xylene in the feed.
20  The net total carbon loss was 0.22 g-atom carbon/mol p-xylene fed.

Example 4

An experiment as in example 1 was carried out but at a reactor
temperature of 185°C and air was added to the vessel at such a rate as to
maintain the reactor vent oxygen concentration at 5%. The initial reactor

25 charge consisted of 3000 g of an acetic solution containing 8% water, 1%
methanol, 900ppm cobalt, 300ppm manganese, 100ppm sodium and
1200ppm bromide. A continuous acetic acid feed of the following
composition was fed to the autoclave at a rate of 2300 g/hr; p-xylene 18%,
water 4.1%, methanol 0.85%, cobalt 540ppm, manganese 180ppm, sodium

30 60ppm, bromide 720 ppm. Condensate was withdrawn continuously from
the reactor at a rate of 730g/hr. The methanol addition is the molar
equivalent to a concentration of 2% methyl acetate ion the reactor feed. The
terephthalic acid produced had a 4-carboxybenzaldehyde concentration of
4300ppm. The total loss of carbon oxides from the reaction was 0.20

11



water 4.1 % nethyl acetate 2% cobalt 840ppm nanganese 280ppm  sodi um
60ppm brom de 1120ppm Condensate was w t hdrawn continuously fromthe
react or awoa3sfgi4es of 7308/ hr. The terephthalic acid produeed/usasiizr2

4- car boxybenzal dehyde 10 concentration of 3400ppm The extent of sinulated
met hyl acetate recycle was 101 % The total |oss of carbon oxides fromthe
reaction was 0.19 noles/nole p-xylene in the feed. The net total carbon

| oss was 0. TOPIGS/EMYIMP-RAeRRH! i1 fepdx inemetitetal C@Eh?@d?&%i"@é@%ﬁp@‘@”? 15 An
experinment icaesdn/fRl ptylenefgal e 3 was carried out but with 1 % methyl
acetate in the aut ocFave feed during this period. The extent of simnulated
nethyl acetate r¢gakiiite fdptheSbabbve Bl IES BRE BAlenGn adbie produced had a

4- car boxybenzal dehyde concentrati on of 2800ppm The total loss of carbon
oxi des fromEt gnsigaction was 0.19 noles/nole p-xylene in the feed. 20 The
net total 05s was 0.22 g-atom carbon/ nol p-xylene fed. Exanple 4

An exper grent as AreSHATRbR ds HASHANE 1828 hr i odibif 13958 lided fmer at ur e

of 185C and air he vessel at such a rate as to nmaintain the
react or venth®x9sesl &t sHeRAtRtR ASEP BRAIMEIN thegepator vant @e@eor 25 char ge

cotnf]l stled 8{5;83@@&@“&1" ?taﬂg%ﬂthecmﬂiéll PSR EHHY @Ic@h@@ée%"/@wmcgr fig%

met hano a nese,, SQ n pm
br oni de. ?ﬁe Q”é@@?@'@'ﬁgcﬁégﬁf’&gﬁr §f3 {"HBe&&'n? t?g% SREbE?HS q n was
fed to the mpphamnganase aA0Opp 88AiIGngahd 87Pppwl EomidSYA comdinaoud. 1 %

ot hanoh Q. St SRRALLa MR MICTANIRNFRBSABARIR (300 A A0RPER 4 D O O

720 ensa ont ousl actor at a rate

of 730g/ hr . rateeofimdStagibr . addlaneod Yos walter %?/carmetéqmeﬁa@rﬁ 3t cgbalt

concentrati gng brr?%é‘f?damé e%p%h? éo@l'ihrﬁﬁ@Obﬁﬁ?tb%mfo%e@'?O pois. Nber ephthalic
acid produced had a 4-car bgg%be fr?wetﬁhy e concentration of 4300ppm The

total |oss &PN 8?%‘&"@&\7& Péﬁé?ﬁo{m was 0.20 11 WO 03/ 095408
PCT/ US03/ 13772 ol es/ nole p-xylene in the feed. The net total carbon | oss
was 0.09 g-atom d‘@r@é@ﬁ%ﬁ“cpa%wpé‘ﬁ‘éuqeé’d aq’?@ﬁu?@@@%@@@@%ﬁ‘@e exanpl es

are gives i rohabhtatlon of 3800ppm. The total loss of carbon oxides from the reaction
was 0.39 moles/mole p-xylene in the feed after 6 hours.

Comparative Example 3

An experiment was carried out as in example 5, but no methyl acetate
was present in the autoclave charge or reactor feed. The total loss of carbon
20 oxides from the reaction was 0.39 moles/mole p-xylene in the feed after 6
hours, but the terephthalic acid produced had a 4-carboxybenzaldehyde
concentration of 2900ppm.

Example 6

An experiment was carried out as in example 5, but 2.74% methanol
25 was present in the autoclave charge and reactor feed instead of the methyl
acetate. The total loss of carbon oxides from the reaction was 0.40
moles/mole p-xylene in the feed after 6 hours, but the terephthalic acid
produced had a 4-carboxybenzaldehyde concentration of 3900ppm.

The results for examples 5 and 6 and comparative example 3 are
30 givenin table 2.
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0.43 20118

(MeOH)

N/A 0.102

0.205 N/A

0.085 N/A

Table

2

Product 4CBA

MeOAc in feed

CO+CO;,

%

ppm

mole/mole pX

Example 5

0.38

63300

0.39

Comparative Example 5

0.28

0

0.39

Example 6

0.38

27400 (MeOH)

0.4
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nole nmole pX nole pX C/nole pX pX pX Exanple 1 0.41 22830 0.193 0.187 0. 254
-0.006 0.246 102.0 Conparative 0.36 11290 0.095 0.107 0.258 0.012 0.299
89.0 Exawplos/ds4bxanple 2 0.35 0 0 0.026 0.275 0.026 0. 35@c@/uskxaTpt e 3
0.28 20000 0.143 0.142 0.188 -0.001 0.186 101.0 Conparative 0.34 10000
0.072 0.087 0.189 0.015 0.223 83.0 Exanple 2 Exanple 4 0.43 20118 N A
0.102 0.205 WA 0.085 VA (MeOH) Table 2 Product 4CBA MeQAc in feed CO+CO2
% PPM nol e/ nol e pX Exanple 5 0.38 63300 0.39 Conparative Exanple 5 0.28 0
0.39 Exanple 6 0.38 27400 (MeOH) 0. LLURIN® 03/ 095408 PCT/ US03/ 13772

CLAIMS 1. A process for the production of a carboxylic acid or its ester by
catalytic liquid phase oxidation of a correspondi ng precursor in acetic 5
acid as solvent, said praocess conprjsing: (i) form ng a reaction nedium
conprising deeti & REIGESS & AKArGAUCIOR Gfj 4 SRrDOXY I & aRsiRpdNant ; (i)
optionally recycldamﬁmﬁdrmdi phasé akiiakib o & eesbrigspanting preetiisor athdetids a

by- produgt back to.(% e rfac{\i on, nedi urrk 10 .éi 1) introducing additional

nmet hyl acetate affIbrs FRVAY &P'q RIOGEPRECMPEES on nedi um sai d additi onal
met hyl acetate arzﬁ/ or .net hano{. bei pg additional to an reéovered met hyl
acetate recycl ed (B{RHENPG & fFECtOR MEGIYR GAURNIFING SCele %‘f'éc@é‘ al@ording to
claim1l wherein tdaéalgsts precyrsar eandl akidant; 15 terephthalic acid and said
precursor is p-xylene. 3. A process according to claim 1l wherein the nethyl
acet at e produced (ii) optionally recycling methyl acetate produced from the acetic acid

as a by-product back to the reaction medium;

10 ~ (iii) introducing additional methyl acetate and/or methanol into the
reaction medium, said additional methyl acetate and/or methanol
being additional to any recovered methyl acetate recycled back to the
reaction medium.

2. A process according to claim 1 wherein the carboxylic acid is
15 terephthalic acid and said precursor is p-xylene.

3. A process according to claim 1 wherein the methyl acetate produced
from the acetic acid as a by-product is recycled back to the reaction
medium.

4. A process according to claim 1 wherein said recycling of methyl
20 acetate produced as a by-product back to the reaction medium
comprises passing the vapour effluent containing the methyl acetate
by-product from the reaction medium through a condenser.

5. A process according to claim 4 wherein at least a portion of said
methyl acetate in said vapour is recovered as a condensate from the
25 condenser.
6. A process according to claim 4 wherein at least a portion of the

methyl acetate in the off-gas of the condenser is recovered by
scrubbing the off-gas with acetic acid and/or water.

7. A process according to claim 5 wherein at least a portion of the
30 methyl acetate in the off-gas of the condenser is recovered by
scrubbing the off-gas with acetic acid and/or water.
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fromthe acetic acid as a by-product is recycled back to the reaction

medi um 4. A process according to claim1 wherein said recycling of nethyl
20 acet atwopsoguoed as a by-product back to the reacti on mediusos/137enpri ses
passi ng the vapour effluent containing the nethyl acetate by-product from
the reaction nediumthrough a condenser. 5. A process according to claim4
wherein at least a portion of said nethyl acetate in said vapour is
recovered as a condensate fromthe 25 condenser. 6. A process according to

claima wheein af ol sl Rehfitd AciBin BMerER! MkasCSpBio & e Of f-gas of
t he condenser is recovere y crubbing the off-gas th acetic acid
and/ or water. 7. mepyoracaisteatbacrticpaie resuliing fomhesrebhingtthe @fsgasoborti on

of the 30 methylknh@eshaémsdriis Ft§cRid diestlydackts the reiivArmegiurgcover ed by
scrubbing the off-gas wth aceti'c acid and/or water. 14 WO 03/ 095408

PCTI US03/ 13372 | 1 pAREOSRESTOARERS K7 5t BaUe peltibpady dafot o

portion of said ne acetate and acetic acid result from scrubbi ng the

of f-gas &f the copifyhacatateandacRticRridireading frearrcruBbingdhe ©4c93%af nedi um

9. A process accandicoadémsetligretyélethdirently krickltoané reaqiontrediuai. said 5
met hyl acetate and acetic acid resulting from scrubbing the off-gas of the

condenser i g0 ecy¢priteds HRedIdhREKain® 6iviAserefpat le@st AMpdHIOM of Kaid A process

di t | ai wh I t . ' f : th t d
Bceti c adi d resulTPRy FromeRL et AP neb g dot s ibhipadBratrad of ¢
passed to distil ltheicondémseriepassed/toodistitationdonmabvandof dékticetdny bndcet at e
and recygle to ”?ﬁet'i@?%&ét% +e‘é§ble1t9>-tﬂéré’éaib%sﬁ1e8&?r?rd' ng to claim?7

r ai net hyl

wherein at least ap fon of s acetate and acetic acid
resulting fr,gmscgy ing t ; . . C LS P 2d to
distillati or?qf’or CA §E°%\?§gfcgﬁdﬁiﬁg@g'ggi%&”@%gm %gﬁgf%%_@?’é‘t‘g%}ﬁd recycle to
the reaction nmedinethyliacetate adacetissacidcesulingijoroseubbimggheiofrganott | east
a portion of sai e EBhHYhsd & haLSeARIUARIOR BF IbavBRMbEddtlicidcRILAG! UbDI ng
the off-gas of the condenser |s passed to distillati'on for recovery of
acetic acid and methyl acetate and recycle to the reaction medium.
15 12. A process according to claim 8 wherein at least a portion of said

methyl acetate and acetic acid resulting from scrubbing the off-gas of

the condenser is passed to distillation for recovery of acetic acid and

methyl acetate and recycle to the reaction medium.

13. A process according to claim 9 wherein at least a portion of said
20 methyl acetate and acetic acid resulting from scrubbing the off-gas of
the condenser is passed to distillation for recovery of acetic acid and
methyl acetate and recycle to the reaction medium.

14. A process according to claim 1 wherein said process for the
production of carboxylic acid comprises crystallising the reaction
25 product in one or more crystallisation vessel(s) and wherein said
recycling of methyl acetate comprises scrubbing the off-gas of the
crystallisation vessel(s) with acetic acid and/or water.

15. A process according to claim 1 wherein said process for the
production of carboxylic acid comprises crystallising the reaction
30 product and recovering the carboxylic acid crystals by filtration and
wherein said recycling of methyl acetate comprises passing at least a
portion of the filtrate to distillation for recovery of acetic acid and
methyl acetate and recycle to the reaction medium.
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met hyl acetate and recycle to the reaction nmedium 13. A process according
to claim9 wherein at least a portion of said 20 nethyl acetate and acetic
aci d resuwoiosgefsoom scrubbi ng the off-gas of the condensecTitsopawsed to
distillation for recovery of acetic acid and nethyl acetate and recycle to
the reaction nmedium 14. A process according to claim1l wherein said
process for the production of carboxylic acid conprises crystallising the
reaction 25 product in one or nore crystallisation vessel(s) and wherein

said recycli of t hyl C i upbfi ff- of the
crystalli sat1i%gn \ﬁég‘go&@%g)a%gm&{cﬁﬁgitcoe&g@ﬁ ég)sﬁdh %%(rf/ %aeagttéep Sn%g_of%ﬁ%r ocess
accordi ng to cl aifitratevit eewycledsdirertiyrto de sedaadiontrnediupr.oduct i on of carboxylic
acid conprises crystallising the reaction 30 product and recovering the
carboxylic ddi.d ok peicaiss asgording tcatlaion 1ambenefresaidradsliticat ewflnyliacgtaié net hyl
acetate conprises, passi i o i to
distillation foréiecoveggwﬁpl%?gfﬁgﬁ%ggﬁ{%n edéfﬁ@ﬁeggg%@?%eghd recycle to
t he reactio di - 408, - T it

accordi né t gégﬁalm%je\%ﬁ\eéggt?@r%ﬁ @gg‘tﬁ)@"f@%ﬁ %%ao%dft#ga# ﬁe?ﬁ)gt% gﬁ?egste

recycl ed direct | yanddormethesatisirsnmeselthan 3 1role Ko of Hreesalvarldeedi ng to claim
1 wherein said additional nmethyl acetate and/or nethanol is no nore than 4
mol e % of t H&.solA praceseadcomlingto daim dowkereirtsaid diddiional oledhyhatetdter ei n

sal d additional @Iogryl | mBfeindl B nARRFeindred hﬁae:%!o?tﬁwsavéﬁt feBgn 3 ol e % of

t he sol vent feed. A process according to claim1 wherein said
additional nethyl acetate and/or nethanol is no nore than 2 nole % of the

solvent feed. 16
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