2 2 DEC 2003 | A process for inproving the stability- and/or preventdihBEg b3
deactivation of the catalyst during the manufacture of acetic acid and/or
of nethyl acetate. The aimof the present invention is a process for
i mproving the stability and/or preventing the deactivation of the catalyst
I n processes of 5 manufacture of acetic Fcid and/ or of nethyl acetate, as
well as a conplete process of nmanufacture of acetic acid and/or of nethyl
acetate conprising this process. Mre specifically, the aimof the present
invention is an inproved process which enables inproving the stability
and/ or preventlng the deactlvatlon of the catalyst in the cases of the
processes of nradiPdetaPlolIBRroing kbl : )8 s BG4 TH x
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20  the isomerisation of methyl formate. This reaction is, itself, generally carried out
in the presence of a catalytic system in a homogenous phase. Finally, according to

another process, the carbonylation of methanol and the isomerisation of methyl
formate are carried out sirmultaneously.

The process of carbonylation with rhodium is a known process, which
25 is made use of industrially, and which has been the subject of numerous articles
and patents, such as, for example, American patents US 3,769,329 and
US 3,813,428.
European patents EP 618 183 and EP 618 184, as well as European
patents EP 785 919 and EP 759 022, describe a process of carbonylation in the
30  presence of a catalytic system which is based on iridium and which, if need be,
further contains rhodium.
A process of carbonylation with iridium and ruthenium, which.is
currently made use of industrially, is described in European patent EP 643 034.
More recently, a new means of access constituted by a methyl formate
35  isomerisation reaction in the presence of iridium has been proposed in French
patent FR 2,746,794 and International application WO 97/35829.



2 2 DEC 2003 2 In parallel, a process of preparation of acetic acid ang{pf 303
of nmethyl acetate is proposed in the patent FR 2,746, 795 and the
I'nternational application W) 97/35828, said process sinultaneously nakes

~use of a nmethyl formate isonerisation reaction and a nethanol
carbonyl ation reaction. 5 These vari ous processes of production of acetic
acid are generally carried out continuodsly in installations which
essentially conprise three zones. The first corresponds to the reaction
zone per se, which conprises a reactor under pressure in which the

carbonyl ation and/or the isomerisation are carried out in |iquid phase.
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0 site of a deactivation and/or of a precipitation of the catalyst, and this whatever the
process employed, amongst the processes described supra, be.

These phenomena are generally caused by the low carbon monoxide
pressure which prevails in this zone, and these phenomena are accentuated by Jow
water contents. In US patent US 5,237,097, a proposed solution consists in

25 introducing carbon monoxide into the liquid supply to the flash, in order to
maintain a sufficient partial pressure of said component in the flash.

French patent FR 2,726,556 and International application
WO 96/14286 describe a process of injection of carbon monoxide into the liquid
fraction originating from the flash, in order to reactivate the catalyst recycled to

30 the reactor.

European patent EP 0616997 and the corresponding European
Divisional Application EP 0 786 447 propose an improvement of the process bf
manufacture of acetic acid by carbonylation catalysed with iridium, this
improvement consisting in maintaining the water content at higher than 0.5 % by

35  weight in the liguid fraction originating from the flash, in order to stabilise the
catalyst present in this fraction.




"2 2 DEC 2003 3 The prior art does not propose any inprovement in relatqp@EC 003
to the stabilisation of the catalyst in processes of manufacture of acetic
acid and/or of nethyl acetate by isonerisation of nmethyl formate and
"optionally processes of carbonylation of methanol catalysed with iridium

5 The inventors of the present invention have now di scovered in an

entirely surprising way that the probl emdf the deactivation and of the
destabilisation of the catalyst could be solved by the upkeep of a

sufficient overall content of formc acid and of nethyl formate in the
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cat al yst p %é‘é’étw‘éfft ﬁﬁﬁ@lﬂﬁcture of acetic aci d and/or of net hyl
acetate This stabilisation process enables lowering the water content

considerably, both in the reaction medium and in the flash zone, and this
constitutes a non-negligible advantage from an economical point of view, since it
. enables limiting costs in the additional step of recovery of the product formed.
25  This stabilisation of the catalyst has thus enabled defining the conditions of an
improved process of preparation of acetic acid and/or of methyl acetate which
includes the improvement intended to stabilise the catalyst and according to
which, furthermore, a particularly reduced water content is used.
Hence, according to a second aspect, the invention relates to a
30  complete process of manufacture of acetic acid and/or of methyl acetate, under
satisfactory conditions, both as regards the stabilisation of the catalyst, and the
water concentration, and this constitutes a double advantage from an econonlioal
point of view with respect to the processes which exist at present.
More specifically, according to the first aspect supra, the invention
35  relates to a process for improving the stability and/or preventing the deactivation
of the catalyst in processes of manufacture of acetic acid and/or of methyl acetate



"2 2 DEC 2003 4 according to which processes, in a first step, referﬂéﬁUE%2m3
as the reaction step, at |east one nethyl formate isonerisation reaction
is carried out in liquid phase, in the presence of carbon nonoxi de and of
‘a catalytic systemconprising at | east one hal ogenated pronoter and at

| east one iridiumbased catal ytic conpounﬂ, and, in a 5 second step,

referred to as the flash step, the partial® vaporisation of the reaction
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one 35 iphdi g ﬁﬁ‘s”\he&p%aa{oar ¥ Ao SRIBONAR 112 proc%%sc agooverajl content of formic
acid and of methyl formate at least equal to 1 % by weight of said liquid fraction is
maintained in the non-vaporised liquid fraction originating from said flash
separator.

According to this process, the water content in the liquid fraction
25  originating from the flash will advantageously be maintained at less than 5 % by
weight, preferably less than 2 %, and more preferably less than 0.5 % by weight

with respect to said liquid fraction originating from the flash.
* The process of stabilisation and of maintenance of the activity of the
catalyst set forth supra, as well as the complete process of manufacture of acetic
30  acid and/or of methyl acetate with regard to one or the other processes of
manufacture of acetic acid and/or of methy] acetate in which the reaction which is
carried out in the reaction step necessarily comprises a liquid phase reaction of
isomerisation of methyl formate in the presence of carbon monoxide and of a

catalytic system comprising at least one halogenated promoter and at least one
35 iridium-based catalytic compound.



'5 However, according to an advantageous variant of each of the two §%5Q£F§m3
of the invention, this nethyl formate isonmerisation reaction is carried out
simul taneously with a nmethanol carbonylation reaction, and it is possible
‘for. this carbonylation of nethanol to be denpbnstrated by the consunption
of the carbon 5 nonoxide introduced in the reaction step. According to
anot her advant ageous variant, the processSof stabilisation ~and of .

mai nt enance of the activity of the catalyst of the present invention is
effected by controlling the water content in the liquid fraction
originating fromthe flash. This content is advantageously maintained at
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During this step, the acetic acid and/or the methyl acetate are separated
from the light compounds such as water, formic acid, by various means known to
the person skilled in the art.

25 According to a particularly advantageous variant of the invention, the
formic acid is separated from the acetic acid by reactive distillation by injecting
methanol into the lower part of the distilling column, and by removing the purified
acetic acid at the bottom of the column and the methanol and methyl formate
mixture at the head of the column.

30 In the description that follows, attention will be paid to defining
particularly advantageous conditions both in the reaction medium and in the liquid
medium originating from the flash, conditions which apply both to the process of
stabilisation and/or of maintenance of the activity of the catalyst, and to the
complete process of manufacture of the acetic acid and/or of the methyl acetate.

35 In the description that follows and unless indicated otherwise, the term
«reaction » is understood as meaning the whole of the reactions taking place in



"6 the reaction zone, it being of course that this notion covers reath%HgEZM3
of isonerisation and optionally of carbonylation, as well as every
_equilibrium which exist in the reaction zone. Thus, in particular, the
term <<reaction tenperature >> is understood as 5 neaning the tenperature

I mposed during the reaction step. In general, the reaction is carried out

at a tenperature between 150 and 250C. Nbr e particularly, the reaction
tenperature is between 175 and 210C. Preferably, it is between 175 and

200C. The total pressure under which the reaction is generally conducted is
10 greater than atnospheric pressure. Mire particularly, it is
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preferred. ThexpresssdpinunabiolgecPasaals, ahd,ard rBealurelr @ he Ihot,3i.4H3Mer | thk 4,

| rBr3.4H20 ma ISACTe SRR s according to the invention. 30 Oxides
sel ected fromx?l?%%, I ri@.ukﬂge@qéfgjg}ﬁ%wal |y be conveniently wused in the
process according to e parviahtoathon Awnomgar gestite olprdfbrablyo muistaihati on

conpl exes]®f béﬂ“@@hlms_;di%ndnggﬂ)p%ds whi ch are nost commonly used are those
havi ng |i gands sel ect g_gﬁ from carbon nonoxi de, or a carbon nonoxi de/ hal ogen

conbi nation, the hal og8h o¥sraljesontens of dermalg acidand pf argthn , fobmateiineinathe nor e
particularly reacoch Rediun, ddvatageoulR\asinheleass Ludhd'delali®qusrioSPs'bl e
I ridi um conpl Wé?g%t%alscerelaét %ngfxtgge?px%fc%a%%etzugc%g1 % and 50 % and preferably
between 1 % and 30 %.
20 The catalytic system will now be described.

All the iridium compounds which are soluble or able to be dissolved
in the reaction medium, under the conditions of implementation of the invention,
may be used. As examples, and without intending to be limiting, metallic iridium,
its simple salts, its oxides or even its co-ordination complexes may notably be
25  appropriate in the implementation of the invention.

As simple iridium salts, the iridium halides are conventionally used.
The halogen is most particularly selected from chlorine, bromine and iodine, the
latter being preferred. Thus, compounds such as Irls, IrBrs, IrCl,, Ir1;.4H,0, kL,
IrBrs.4H,0 may be used in the process according to the invention.

30 Oxides selected from IrO,, Ir,03.xH,0 may equally be conveniently
used in the process according to the invention.

As regards the soluble co-ordination complexes of iridium, the
compounds which are most commonly used are those having ligands selected
from carbon monoxide, or a carbon monoxide/halogen combination, the halogen

35  being selected from chlorine, bromine or more particularly .iodine. It is not
nevertheless excluded to use soluble iridium complexes whose ligands are



-7 selected fromthe organo- phosphorus conpounds and organo-nitrogen 22 DEC 2003
conpounds for exanple. As co-ordination conplexes known to the person
skilled in the art which are particularly convenient in the inplenentation
*of the invention, 5 1r4(CO12, Ir(CO212- Q+, 1r(CO2Br2- Q+, 1r(CO 20 2-
Q+, may be cited without intention to limt; in which formulae Q may be

not ably hydrogen, an NR4 group, or a PR47group, with R selected from
hydrogen or a hydrocarbon radical. These catal ysts nmay be obtai ned by any
process known to the person skilled in the art. Thus, the EP 657 386 and
EP 737 103 patents may be referred to 10 for the preparation of

i ridiumbased sdt@tdfrom thebtanepaoshoAR c@ﬁﬁ;oﬁmré?ﬂrdréélﬁ) ﬁl%geﬁ &ﬁn}'zlounds

i mpl ement ati on . Qf the present i nventi on. is to be noted That t
reaction accor |ngaIPB the invention may be carried out with a catalytic

system whi ch conpri sesAarco-griditiation cofpied kabwngo the tperos Akilidd Il ee an

r hodi um conpou 5 Th ounds based qn i.ridiumand rhodium are
described in t%ﬁﬂ]pa erﬁaﬁ@?agpﬁgmfg?m Wie H'ea MERIERIEptAUEN s 0k tthen inyenitaiged

V\ﬂl g h cotnt ab ns s @8 Y1 (GO QT, Ib(éZO)@B@SQb B((EOB;G]J’IGQEIH@J? Be lcabil gagﬂ{ozué
rhodiumto iri

General |y, t hemé%@ggﬁ? ¥6ﬁn&$&$ﬁr@i‘1 st?e Wg%l\gegléfdm&?n %‘\nﬁﬁd@mﬁm
rhodiun) in ther?BBcgﬁoen, w&thwﬁacB:dtfm\byﬂro@erﬂnraMdi@Qrbmmdﬂcal preferabl y
between 1 and 20 mol / | cted fromthe
nmetals of Group VI ohesgggmggg ﬁ%f[}c?, %?‘s??ﬁ A‘r%g' %ﬁg%?ﬁ(f’ﬂ‘émé?é RES%%an be
made with the toh§biathe ags Thsgthe BRGIA&randrERIT3i 03 phiads omaybextisied 1o | n
addition tmt hﬁar@ﬁéfp&@%ﬁoﬁ%ﬂHﬁcﬂﬁﬁ%a’é%&ﬁajﬁ@%ol%ﬁ %ﬂhisc% Eid %B@{]Qg{latc%%r di ng

to the inventign co%l ses a_hal ogenated promot er
promoter can bECIMPE DfagioR0b th c&PWP&Pb‘Qé@P‘mﬂone or in conbination with

other el ements such as,lsi@b eeanha: thB)sz[&iGﬁrh Srdfiit 13
acetyl radical ar§9d ; sgcect ﬂatlpgrlr?%pglrlln?%' 6

Ls in enera
bromi ne or i odihe O?O‘H ﬁ %é"?qﬂé‘: i, comaprisss G@éﬂﬁl“édc@awuﬁn@lgn«/\hl ch
can al so be uskut ake, tnrthantrbunhumcmq}nmﬁis hydr oi odi ¢ acid, nethyl iodide and

acetyl iodjge can be ¢ Wl be used as
hal ogenat ed pronoter. oglgeeg g&glldgé)ageg oy \fé‘i‘}%‘n?“dgﬁmgﬁﬂnlafﬁlgﬁcpgﬁd ig jle
hal ogenat ed pritett&P €18 183 oduced into the reaction medium partially or
totally, in the form ofngn4 chialdtlc 3898 is needed which contains rhodium, it will be

possible for the atomic ratio of rhodium to iridinm to vary within wide limits
between 0.01 and 99.

20 Generally, the concentration of iridium or, if need be, of
(iidium + rhodium) in the reaction medium is between 0.1 and 100 mmol/l,
preferably between 1 and 20 mmol/l.

The addition of a catalyst selected from the metals of Group VI of
the periodic classification of the elements can be made with the compounds of

25  iridium or iridium + rhodium mixtures.

In addition to the compounds mentioned supra, the catalytic system
according to the invention comprises a halogenated promoter. This halogenated
promoter can be in the form of a halogen alone, or in combination with other
elements such as, for example, hydrogen, a methyl radical or an acety] radical.

30 The halogen is in general selected from chlorine, bromine or iodine,
10dine being preferred.

As halogenated compounds which can also be used as promoters,
iodine, hydroiodic acid, methyl jodide and acetyl iodide can be cited.

Preferably, methy] jodide will be used as halogenated promoter.

35 According o a variant of the invention, the halogenated promoter is
introduced into the reaction medium, partially or totally, in the form of a



"8 precursor. In such a case, said precursor is generally in the form of 2dEC 2003

conpound which can release, into the reaction nedium the hydrocarbon
_radical of the halogenated pronoter nentioned above, under the action of a
hal ogen or notably of the hydrohalic acid, the [atter conpounds being
present in the mediumor even 5 introducgd to this end. As non-limting
exanpl es of suitable precursors, conpounds selected from nethanol,

di ret hyl ether, nethyl acetate or nethyl formate, can be cited, which are
used alone or in a mxture. The anpunt of hal ogenated pronoter present in
the reaction mxture i.s 10 advantageously less than or equal to 20 % wth
respect to t hePTCSHEPT- iR istgh a Gpses said Prefusaon isgemeralyeinabe Jorm bé acompennd of

hal ogenat ed pr oiivhecar Selt£8S irthaRe QkactioH Ahedifm, 1B ipgn € tgd that
i f the pronot eh?’]rrenti ned above i.s introduced pa??@ygﬁlofc?/fbgg %8?% P’g,‘ﬁ?n t he

formof a prectd' 88 aeCRIOMQIST fpengpned ahqye sirdep thegtetipg of adimdegen/ grrrextabis or

mxture is suchf thedtydrdhaktadiiehe oitedchinBur LRIUWIEse i fhe MediSAW WRLENt tO

t hat menti aned, L. Jn.addition to these conmpounds, the reaction nedium
cont ai ns mgjer{n%t&?yé%r%%%%%‘sf methyl formate, methyl acetate and acetic

aci di in 8referred weighmon-pinﬁﬁﬂg tekzmt‘ipledef 'm{iﬁd{ej pﬂeélﬁsor}é\,/f&&gtlacﬁzhl@s E’él@%tﬁ& ab|5ycy
mai nt ai ned si Yo wat er. content is preferably |ess than 0
by wei ght wit r@?@g@g@tﬁﬁ@b d“%ﬁ@r‘%ﬁ% i"b‘%‘PYﬁ@&?‘a{% OIﬂﬁléféwtq,éég tengitedp 96
The fornic api\‘:lht?brﬁ[felﬁﬂediabmproeireaaﬁktyrd. ess than 15 % by wei ght of the
b ef er abl y_mi nt at ned W 1EouR SR niBRhaled hmBlF pERERIR e eRBlchabirE ¢ -
respect td% heaci"é%tég‘?%‘ﬁlwéﬁi than opeqiel Wi 2y % with nesperi muthartoabaeiehf of ed

g

i nvention, thembetkyPref&abig!t i | wel ght ,
preferably | ersT]‘sdjs %han 50 % 9Thg cg,gg;hﬁg{: g@?ﬁéngﬁt%rﬁ@%fciq%i%g?ﬁé soqg?fﬂ‘\‘?] ¥ %in
d (#]

the reaction um The process for inproving the stability and/or

preventing the 30 dedetis unbé aoeafthithie (habinysibr ARFLSRE _098?§ﬁlnﬁquced
manuf act ur i ng acetate according to e

-aketd i d d/.or th
i nvention can F%&'%&p%?%%@éd“?‘ﬁetfﬁ’éng}e% FREBTSEF. the sunQyss of pprecursarnempl ch i s
sol ubl e i A5t hé’fﬁ@atﬁﬂpmursedmjmureTfse;uicbdhzdeSemflbs%taihjﬁfgrz@ldﬂ'ﬁ&%tRﬂﬁ?ﬁ?s into
t he reaction [ vdlBn ] f orm of conpounds which can form
g 5 2t%’lE%a%§‘§‘dé'@d 5?‘%" "

sol ubl e i odi des. Ot ides >> is understood as neaning ionic
species, i.e. species lfddition to these compounds, the reaction medium contains water,

formic acid, methy] formate, methyl acetate and acetic acid, in preferred weight
proportions defined infra, which are preferably maintained simultaneously.

20 The water content is preferably less than 5 % by weight with respect to
the reaction medium, preferably less than 2 %.

The formic acid content is preferably less than 15 % by weight of the
reaction medium, preferably less than 12 %.
The methy! formate content is preferably maintained at less than 20 %
25 by weight of the medium with respect to the reaction medium.
According to a particular mode of the invention, the methyl acetate
content is less than 40 % by weight, preferably less than 20 %.
The acetic acid content is not less than 25 % in the reaction medium.
The process for improving the stability andfor preventing the
30  deactivation of the catalyst and the process of manufacturing of acetic acid and/or
methyl acetate according to the invention can be implemented in the presence of
iodides in a form which is soluble in the reaction medium. The iodides can iJe

introduced per se into the reaction medium, but also in the form of compounds
which can form soluble iodides.



~conprise neither coval ent iodides (notably such as the hal ogenated (}ZUECZW3
pronoter) nor hydroiodic acid. Thus, the iodides introduced into sai

medi um per se, are selected 5 frommneral or organic iodides. As n neral
“iodides, the iodides of alkaline-earth or alkali netals can be cited
principally, the latter being preferred. Potassiumiodide, |ithiumiodide

and sodiumiodi de can be cited anongst these. As organic iodides, the

or gani ¢ conpounds conprising at |east one 10 organo-phosphorus group

and/ or at | east one organo-nitrogen group, can be cited, which react with

t he i odi ne-based conpounds to give ionic species which contain this

hal ogen. Tetraphenyl phdsgides ismuideditctel mmda:hlrm@tdﬁ)d §15elcﬁé,hzy& FBES Wiklchi odi de

b t l. t.h t al
car boxyl at es P BEMIR cBRuqfidBuls (BB fon 38 I Alaraled BB s s1 um
hydr oxi de and @dtﬂlmhgddr oxi de, can for exanpl e be cited as conpounds
whi ch can for m I odi desl‘gﬂY@' &0 ; 19ﬁ§?4 {bﬁh@e 10 tg{\ﬁ d:lgdact v%g gfig?rléosre%eﬁfﬁqs

Furtherm)re isto not e des can
t han t hose |nchQ3'ﬁf1EEPT aloy\pegampiotides, t hese corrpounds can originate from

i npurities such as al kg ﬂmne@tlétﬁlﬁes‘)rthéldﬁ?dc rt‘)? 1}19 gﬁ}lﬁ 3k %lkajlnlggﬁa.ht Lgs

whi ch are prelsﬂee |nthe startin materla prepa
catal ytic sol (0¢igld PrHEIRadY beda @%W@T@} Rataésmmowdtd@r lhdsummoﬂﬂieal s

whi ch appear addkodigmtib&ide earbd Afkd admonki@hge0cess for inproving the
stability and/or preventi ngﬂthe deactivation of the catal yst and the
process of manufacturi 16 d8¢ifes. £he QTEARYy eRMPIRBdR FPMPEiSNg: & lgetomdi ng t o

t he i nventfon oagaﬂomhef;;ﬂroahxl sroup Eﬁﬂ/Sﬂ"rﬁﬂEﬁJ ohé oféaﬂo-nﬂf&g‘gﬁ %@&Jﬁ)fcaﬁ; BE sS4 on

met al content thedd f.ew hu pr.efer ess t han 200
ppm The corrgg{l onleer%ét&{hg 1% 1gdiRg D ré‘yc p&ﬁﬁg% R ¥ ‘°“&%§l%§ﬁicér‘h’ higpcemiphdenum
and zi r coni umthi¥hzalegsny d"sl:rephenmlphbsphonmennsdldm dnlieNrraethyiuth plathintfium S

mai nt ai ned by jgHi¥e PnMeSHisnt person skilled in the art, such as,
for exanple, 1selﬂect Ive prﬁld@ié’%ﬂﬁ& liquid-liquid extraction, and

passage on ion exchargealy é%?lﬁsﬂfﬁdléﬂlmrﬂmhl owetal | carbomyldteasin hpdrexided,| now

be descri b®d. n3d@abhéich QFIRKIBIUL gryeen 80C
and 200C, thn to;EgTﬂ;p ssur e b%%aﬁﬁﬁéﬁgn%%%%%k%%%& “F% E C
2003 10 The c b éléféfﬂs somRayeds phihrapHase iedifles whichrage solobletihe

fl ash the reaction medium.

Furthermore, it is to be noted that the iodides can have other origins
than those indicated above.

20 Thus, these compounds can originate from impurities such as alkali
metals or alkaline-earth metals, impurities which are present in the starting
materials employed for preparing the catalytic solution.

The iodides can even originate from corrosion metals which appear
during the reaction.

25 The process for improving the stability and/or preventing the
deactivation of the catalyst and the process of manufacturing of acetic acid and/or
methyl acetate according to the invention are preferably, implemented in the
presence of corrosion metal content of less than a few hundred ppm, preferably of
less than 200 ppm. The corrosion metals are notably iron, nickel, chromium,

30 molybdenum and zirconium. The corrosion metal contents in the reaction medium
is maintained by any process known to the person skilled in the art, such as, for
example, selective precipitation, liquid-liquid extraction, and passage on ién
exchange resins.

The conditions in the flash zone will now be described.

35 The temperature is advantageously maintained between 80°C and
200°C, the total pressure between 0 and 20.10° absolute Pa.



are identical to those which are contained in the reaction nmedi um and 7 DEC 2003
descri bed above. 'The main characteristic of the invention resides in the

mai nt enance of 5 an overall content of formc acid and of nethyl formate

t least equal to 1 % by weight of the liquid fraction originating fromthe
flash, preferably between I % and 50 %;1 nd preferably between 1 % and 30

% Expressed in weight percentages with respect to the non-vaporised

liquid fraction originating fromthe flash, the proportions of the various

10 constituents which are preferably naintained si nmul t aneousl y are,

advant ageously, the following : - the content of hal ogenated pronoter is

|l ess than 20 % pref erdisi spmpeysds pegsent 5n dhe liquidh phasgtasigimumegdmmitse flags t han

5 % preferabl e i@ssiciiNgthdse %vhidR dre é&uﬁﬁ&%ﬂib@%&%oﬁ IH@c{]BfnCMJdaﬁésé‘nbed
advant ageous ergtéodl ment, the stability of the catalyst 1Is even assured

when the wat er®®@8ntent is less than 0.5 % - the content of formc acid is

less than 15 % pref erphl malh%srat:ﬁéﬁmclaf’/me linventib® ré¥RielYh ttfe%ﬁﬁﬁé%agw&ﬁ?t :CS
I Nen (6]

mai nt ai ned at | ess _than 20 § @SCOI’%I to_a particul ar

the i nvent Pon, % AE3HLEHYEL 0 é@’f‘%ﬁzé‘ mgy] @%@aichaéﬂe%ée%ﬂﬁ?éf%r@bl y
| ess than 20 %relghttdsfetfhad&]tmctfraﬁlcﬂl cogihgitg fromnde r{'la@?isprbf&@dbh 1¢Defbeed e
non- vapori sed i rac om t he ash can contain

i odides in the (;q';!rérfoq‘nd p&ﬁl cagbﬂ?%‘g at%ﬁdc# %]re soluble in said fraction
25 (refer to their dedxprgsidm mrelgﬁnqacmeamtgesnmmefﬂspkfa .to Tthe rmn»ta@shseaf

carbon nonoxi d d ero. _The carbon nonoxide
can ori gi nat e E;ruomt geﬁeg}é ttl‘-?grreﬂ' e vaporpf%peoam?r}‘? 0lfh €t SATGT

di ssol ved 18nd copitguenss, which af¢ Preéemblyaudntauwdaﬂlmyltaxbeuslma@cméuhnﬂageeuﬂy,y
into the |iquitke fdiRetaoN originating fromthe flash and be recycled to the
reactor. In 30 any case, the partial carbon nonoxide pressure in the flash
zone is less than the- ]E)ed?ctnlt%{’lt of halpernaled psameier priessshae20ri, prefenably less t he
reacti on zone.thdmii#te process of manuf acture of acetic acid and/or of

met hyl acetate descri t?rﬁd aFove t hes uct? cqontai ned in _the

t
gaseous phase ori gi nafi AT Heptent 15 f‘?i%ﬁ e %eprsicratly lessothan e %.i agit
conmpounds 15t hacewtiag, to tahmrtﬁanﬂm}cacbmndgazﬁas a@nsbddlifer} the I’stdbmmg rdfqhggatalg,gr

exanpl e by frag Je‘ﬁ%@gur%! whéd #h% £ do] e&p%d%sééﬁ%a(ﬁS%ﬁz BECZ2005 L

distillation co ums ese en be recycled to the
- the content of form]c acid is less than 15 %, preferably less than

12 %,
- the methyl formate content is maintained at less than 20 %,
20 - according to a particular embodiment of the invention, the methyl
acetate content 1is less than 40 %, preferably less than 20 %,
- the acetic acid content is not less than 25 %.
The non-vaporised liquid fraction originating from the flash can
! contain 1odides in the form of ionic compounds which are soluble in said fraction
25 (refer to their description in the reaction medium).
The content of carbon monoxide contained in the flash is non-zero.
The carbon monoxide can originate from the reaction medium to be vaporised in
the form of dissolved and swept out CO. It can, additionally, be injected directly
into the liquid fraction originating from the flash and be recycled to the reactor. In
30 any case, the partial carbon monoxide pressure in the flash zone is less than the
partial carbon monoxide pressure maintained in the reaction zone.
In the process of manufacture of acetic acid and/or of methyl acetéle
described above, these two products contained in the gaseous phase originating
from the flash are separated from the light compounds, the water, the formic acid

35  and the other impurities, for example by fractional distillation in one or more



reactor. In a preferred embodi nent, the formc acid is separated fropfthté 2003
acetic acid by reactive distillation by injecting nethanol into the |ower
part of the 5 distilling colum, the methyl formate forned preferentially
is recycled to the reactor and the thus-purified acetic acid is renoved at
the base of the colum. In general, the ijpvention advantageously enphasises
a process of nmanufacture which is carried out continuously. The Exanpl es
which follow are given in a purely illustrative nmanner 10 and are in no
way |imting. 15 EXAMPLES | - Stability tests 1-1. Equi pnent used Al the

tests are carri.ed.out in a transparent tube holdin igh 20 pressures and
havi ng a | engt Stg#m% GRERY ‘?fn?rﬂfeﬁhﬁ% C?fﬁﬁ?fﬂ‘(dércagf H’G%?""cﬁ?‘":y&ef]e‘.o the ¢ ot al
vol ume of 6 mreacibi.s tube is equipped : - with a gas inlet which enables

rgi ng the gaseo at.no re,of the tube, in general w carbon .
Irorltj)nglxi ge, 259- vai ;J?\ a Iﬂéiﬁhfﬁﬂc%?mpﬂ%n}eﬂbg]%f?"&%’g{i}iséem ‘S\E&OF’nﬁ’F@ﬁﬁi& ature
regul ati on, amatid banreagiiveadisoiatton bpdijettaig ngthanbl énto Ithe. loReeparadt eie of
th ti . * i { tal vt 0ol ut.i on_by djssol vin
e o od aeteisd conhENAE Shénl Rl SRR prblcfentia it Heytlp” 7 V'
stirred react oreadsgr andahé hys-purilisd Getigndidns eenpoved suthe base afahboolummnoxi de of
50. 105 Pa (50 bars) f r : . | | L. hu i.ne

( by o™ §ERRAT e, MEnGR sfliotideory Uiteindt g SBLAL NG

titrates about 2.6% of iTIdi ,
Preparati on ofMpHHaGtagcthighhispagedioyt comimugesdpi | ity test, by weighing and

mxing the various cOMiel Ex@ies whithZofled: A0RRehtn » REAY iffustalite niBhly !
acet at e, rﬁ)t hyl g odjde, - catalytic solution’in taking fnto account the
anmount s of Yac IO ASE P WY WHYME about by this solution, - and for tests 1
to 10, formc acid and nmethyl formate. 5 * The reaction nmass (initial
conposition) thus prepared is anal ysed. 1-3. General process

15
EXAMPLES
I - Stability tests
I-1. Equipment used
All the tests are carried out in a transparent tube holding high
20  pressures and having a length of 16 cm and an internal diameter of 0.7 cm ; i.e. a
total volume of 6 ml.
This tube is equipped :
- with a gas inlet which enables porging the gaseous atmosphere of the
\ tube, in general with carbon monoxide,
25 -with a heating of the tube by electric oven with temperature
regulation, and
- an agitation by oscillating table.

1-2. Preparation of the reaction mass

30 * Preparation of the catalytic solution by dissolving iridium iodide in a
mixture of hydroiodic acid and acetic acid, in a stirred reactor by heating at 150°C
under a pressure of carbon monoxide of 50.10° Pa (50 bars) for 4 hours. 'fhe
catalytic solution thus obtained titrates about 2.6% of iridium (i.e. 26,000 ppm or
mg/kg). ,

335 * Preparation of the reaction mass for the stability test, by weighing
and mixing the various constituents :




4 g of reaction mass are | oaded into the tube, the tube is agitated ar}c&

purged 3 tines with the appropriate gas, and is then |left under the DEC 2003
pressure of this 10 gas at 2.2.105 Pa (2.2 absolute bars). This gas is
" carbon nonoxide for tests 1, 2, 3, 4, 5, 7, 8 A B, C D and air for

tests 6, 9 and 10. Agitation is conti nue?l for 20 seconds, and then the
tube is isolated. The tube is weighed in drder to check the absence of a

| eak. The tube is placed in the electric oven and heat is given for the
time desired, at the 15 desired tenperature (130 or 150C), wi thout
agitation. The heating is then stopped and the tube is cooled. The tube is
wei ghed again in order tecetiieci, mhthyhacetats enashyl iadidleak, in this case the

test s validated. A visuahniosasd Blakie 6t uflanigfns StheaaRda0" (1o

contents : appearance, ton, depasi £/ precs p|t es are taken
that are nece gmgintahwtbzaﬂanhgmut anal yses on the reaction masses before

20 (initial state) and agﬁ@{]r(éslsnlaﬂo i ridic 538 and Hﬁtlﬂ)l”f g stability test

. 1-4. Analysis process - e iridiumconcentration rreasured by I CP
(1 nducti ve® Coupl ed P ddedeasper rrassnitip) compositiga) éwsmmlﬁanﬂmwd; s
determ ned by the Karl Fischer process - the conposition of the organic

products is syred by gas phase chromatography - the iridiumstability
in solution gig;-éﬁ%?Mw calculated according to : 30 [Ir] final x
100 ; the iridium stahlgl ¢ftﬂe@amarrﬁasatar& lokded/@nto tihd fube] the triztsd ls?aguatea akEC 2003
1315Resu|tsl§3% @)Ht tests ata@OCExagPuéﬁ }’F and Ato D
at 130C and TEBIBEE °ATEF™ éonf@&#ﬁss isten le Py {hepressureoidhifast s 1
to 6 corr&pogsk 4t@.1. l'@sRee(&“Zt%atmcmmrlcﬁrﬂg to the invention. The conditions
and the results of th n l.e b oDare
cqnpar ative exanpl es gﬁ%%ag%ng?gcorr éﬁroaﬁ@]f aEbestzgg’ gc yr’c? %gtlf

i nventi on. Than&audpr lesisd, Snandr Bk A gitatian és gintimmed rﬂorT%fbisfeoBdi;ehdmhen ﬂha

Tabl es A and ﬁlbetlg'?soﬁﬁ&}'l'lth% tfi‘lS&e sg;lrt%{,\?%dflﬂrorgﬁ'qg b@é@th@@%&{]% o?%q%?k e

initial and final state. I's specified In these
tube is placed in the e]ectnc oven and heat is given for the time desired, at the

15  desired temperature (130 or 150°C), without agitation. The heating is then stopped
and the tube is cooled. The tube is weighed again in order to check the absence of
a leak, in this case the test is validated. A visual inspection is then made of the
tube and of its contents : appearance, coloration, deposit/precipitate. Samples are
taken that are necessary for carrying out analyses on the reaction masses before
20  (initial state) and after (final state) carrying out the stability test .

1-4. Analysis process

- The iridium concentration is measured by ICP (Inductive Coupled
Plasma Spectroscopy)

25 - water concentration is determined by the Karl Fischer process

- the composition of the organic products is measured by gas phase '
chromatography

- the inidium stability in solution expressed in % is calculated
according to :

30
[Ir] final

[Ir] inizial X 100 ; the iridium stabilities are at + 10 %.

35



" - the conposition of reaction mxture in weight %of : acetic aci&?(ﬂﬁgéﬂ%

formc acid (HCOOH), nethyl acetate (AcOwe), nethyl formate (HCOOW),

nmet hyl iodide (CH3l), water (H20) 15 - the iridiumcontent in ppm (nmg/kg)
" the absolute pressure of the gas (PCO in 105 Pa (or bar) - the duration
of the heating at 130C - the percentage o{ iridiumin solution after the
heating period. Analysis of Tables A and - Exploitation of the results
of tests | to 6 20 In all of the following, the whole " form c aci d+net hyl
formate >> will be called < fornylated conpounds > Exanples | and A test
at 0.4 % water_ For roughly identical initial nethyl acetate and nethyl

i odi de contentE3Resuls11 and 2 % and in the presence of 0.4 % of water,
after 120 mn N tapbhity of the iridiumin Exanmple 1 is 95 %
agai nst 31 %|Ir':]'1'S ﬁg]h nt8§[ B| A The initial presence of 13 % of a
fornyl at ed conBdiiRRIE ] At and/Bt of (R rEsdmifele 2 an

B tests in thest ﬁg&ggsof vvater In Exarrple 2, the initial contents are
close to those o ample 1 ; in the absence of water, after 15 mn at

130C, ther@ is no | ossi&fs L ipd comesppribio theoasihlageardiogtioctht imemtioti Bhs, in

t he absence ofcomttﬁrnsaﬂ@ltmfresuhfs%mé%@k@ﬁa.?t'S Q%H'HPP%%A mparative
Exanpl e B sees the sta,E f the cataly %l rop to ‘/bf‘!fg?z 2 DEC 2007 14
h

Exanple 3 : test in't éﬂ “SFOWQPJ@FW‘F ﬁxER%lﬁﬁ)iﬂéj &0 netromgspongadedestn t he
initial contendccofdingme tie fnvemidraTBe cosRRUALSesults ar 1'73{9 m'”fhbﬁ%ﬁ wiRence 0
wat er, enabl es conser ngﬁa narc;(ﬁbl 5 stability Iridiumafter

m nutes at 130C (100 0);3“ %ﬁr%i llee’§§“5§tarf$“?°m/§%fea@b< tesd ramgl| for each
conpounds Gppobsitiabandiivdstatg Tltlfellowmgmdpecnﬁlaﬂ@mﬂueé?ef Tabted Or ny!l at ed
compounds >> is incre: ggo 30C the stability

of, the iridiumis ensured lﬁfg A?ODQ%h@amr?ntIWégB?g‘s‘@Wéht only 0.3 % of
water. Exam | e 5 C ancecpti¢ esid AoHMh fhingih anet(BIOOHY de content These 3

bresEurtor s o158 g RS B AR o oo
methyl iodide (CH,I), water H,;0)
15 - the iridium content in ppm (mg/kg)
- the absolute pressure of the gas (PCO) in 10° Pa (or bar)
- the duration of the heating at 130°C
- the percentage of iridinm in solution after the heating period.
Analysis of Tables A and B - Exploitation of the results of tests 1 to 6
20 In all of the following, the whole « formic acid+methyl formate » wil}
be called « formylated compounds ».

Examples 1 and A, tests at 0.4 % water

For roughly identical initial methyl acetate and methyl iodide contents

25 (11 and 2 %) and in the presence of 0.4 % of water, after 120 min at 130°C, the

stability of the iridium in Example 1 is 95 % against 31 % in Comparative
Example A.

The initial presence of 13 % of «formylated compounds » strongly
stabilises the catalyst.

30

Examples 2 and B, tests in the absence of water

In Example 2, the initial contents are close to those of Example 1 ;Vin
the absence of water, afier 15 min at 130°C, there is no loss of iridium. Under
roughly identical conditions, in the absence of water and of « formylated

35  compounds », Comparative Example B sees the stability of the catalyst drop to
72 %.

S

d
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15 In Exanple 5, in the initial presence of 5.7 %of " fornylated 22 OEC 03
conpounds)), of 5.1 %of nethyl iodide, the stability of the iridiumis 96
% In the absence of < fornylated conmpounds >>, and for roughly equival ent

wat er and met hyl acetate contents, the Conparative Exanples C and D show :
20 - that in the presence of a lowinitig methyl iodide content at 1.3 %
(test C), the stability of the iridiumis strongly degraded (27 %, - the
increase of the initial nmethyl iodide content to 9 % (test D) inproves the
stability of the iridiumto 73 % (action known in the prior art) but does
not enable attaining the stability of test 5 (96 %9. 25 Exanple 6 in the
absence of carbon nonoxide This test is conducted under air : in the
absence of COEzhinele ﬁoteﬁhﬂtt&tabsér&@&uh&e initial presence of 5.3 % of <<
fornyl ated conpounds |nta| ni.ng, a.st.apili f the iridium at
90 % conpared with t h&P %é%’ﬂ?g g’F%fB?SFIlpahe 3‘@“%? ithe criPrpyletd
conpar ati ve t esmpowddschioad. 2%; in ﬂﬁilab%rﬁ:fatcff rwatélQ efidtiles wﬁ&&&r&t 4 YémhRable A

wWith an inkti f 0 5 thyI acetate identical
{0 test 6° g{a@% n{%e)‘?’%‘]é‘gﬂﬁaﬁ‘e{@% é‘?‘& ?‘3@6@2 bJ35° 2 2 DEC 2003 15 I-5.
b) Stability tests at 150C Tabl e C bel ow gi ves the results and the

condi tions of gt tg | e invention (7, 8, 9 and
10) and conpararr E Bidels BB LP. £ ?tgd ¥ Exanpl es 7, 8 and E at

150C - Table C of t heOfPE@SJIetI@ teft % hee iitigicohtent o4 farnibhmed esmpowds »car ri ed

out under theifkadRedL t r i t .the
heating t l@% e ?le‘gg%%eg?ga %oa? lﬁg@ tﬂ%% W,@?éﬁéﬁgﬁ erngguijts of

t hese tes a8 4hg preseape af enlp 81 3:% of ¥@t®or roughly equal water contents
between 0.35 and 0.40 % these three tests show the inportance of the
priesence of the ' contents 6.3 %test 7
- 13.2 % test—8 €08 and 99 %

respectively against 1665%3 oesist bre Mﬂaatbat Iave30‘¥fs,tlﬁxﬁaf ohéd Shbdolukhe
absence of thg§g, SRAUExGE nfluence of the increase
of the te erature et\/\leeERg%géf goNgﬁ’(,ge’ngra%B%@r‘ tests 3 and 7, 2 and
8 and B a E can be Bofsampte 5, in the initial presence of 57% of « formylated
compounds », of 5.1 % of methyl iodide, the stability of the iridium is 96 %.
In the absence of «formylated compounds», and for roughly

equivalent water and methyl acetate contents, the Comparative Examples C and D
show :

20 - that in the presence of a low initial methyl iodide content at 1.3 %
(test C), the stability of the iridium is strongly degraded (27 %),

- the increase of the initial methyl iodide content to 9% (test D)

improves the stability of the iridium to 73 % (action known in the prior art) but

does not enable attaining the stability of test 5 (96 %).
25

Example 6 in the absence of carbon monoxide

This test is conducted under air : in the absence of CO after 60 min at
130°C, the initial presence of 5.3 % of «formylated compounds » enables
maintaining a stability of the iridium at 90 % compared with the results of stability

30 of the iridium in the comparative tests which are :

- 31 % after 120 min (comparative test A) with an initial composition
of methy] jodide and methyl acetate identical to test 6

~ 27 % after 120 min (comparative test C).

35



"in pairs in order to note a decrease in the stability of the iridi @mIER 003
other things wequal : conposition, duration) - very |low for the tests
according to the invention 20 100 %--X 93 %and 100 % - 99 % -
"significant for conparative test E 72% 40% and this indeed proves the

I nfluence and the interest of the < fornylated conpounds >> : formc acid
and nethyl formate. 25 Exanples 9 and 101&t 150C and in the absence of
carbon nonoxide - Table C These tests are intended to show the positive

i nfl uence of a slight increase in the water content as well as the

remar kabl e stability of the iridiumin the total absence of carbon

nonoxi de, when_d seit I onpounds >> are 30 present. - Conpared
to tests 7 an 3, Bpssi (e%aﬁiﬁfdccof CO and for .15 mnutes of reaction,

the stability of the iTeblgiibelpy givestiheresaliveangrthe ponditienssaf the staliliry @8tsout in

the absence ofy:Lfliih G0 WA ADh (933 2NshPf) %hd cbm?ﬁﬁatib@%s@?ﬁﬁcin@e&gﬁ at
tenperature of 130C (test 6) to 150C (test” 10) 5 does not” cause the drop

in the stabili1t59°Q)f the iridium (90 %test 6 against 93 % test 10), these
2 tests begng carried out under air, for 60 mnutes of reaction. 2 2 DEC

2003 ks CCCCCE{xamV\{ers] 7.8 %rm 5(?°C -HF able 8 ol?_thel\lrlt\zlslel\llthc())f the stability tests

The tests are carried out under the same conditions as the preceding
examples except that the heating temperature is 150°C instead of 130°C.
The conditions and results of these tests are given in Table C below.

10 For roughly equal water contents between 0.35 and 0.40 %, these three
tests show the importance of the presence of the « formylated compounds » (initial
contents 6.3 % test 7 - 13.2 % test 8) upon the stability of the iridium 93 and 99 %
respectively against 40 % for the comparative test E carried out in the absence of
these same compounds.

15 Now, if the influence of the increase of the temperature between
130°C and 150°C is observed, tests 3 and 7, 2 and 8 and B and E can be compared
in pairs in order to note a decrease in the stability of the iridium (all other things
equal : composition, duration)

- very low for the tests according to the invention
20 100 % — 93 % and 100 % — 99 %
- significant for comparative test E
72 % — 40 %
and this indeed proves the influence and the interest of the «formylated
; compounds » : formic acid and methyl formate.

25
Examples 9 and 10 at 150°C and in the absence of carbon monoxide - Table C
These tests are intended to show the positive influence of a slight
increase in the water content as well as the remarkable stability of the iridium in
the total absence of carbon monoxide, when the « formylated compounds » are
30  present.

- Compared to tests 7 and 8 (in the presence of CQO) and for 15
minutes of reaction, the stability of the iridium is of the same order in test 9
carried out in the absence of CO (96 % against 93 and 99 %).
- The increase in the temperature of 130°C (test 6) to 150°C (test 10)
35  does not cause the drop in the stability of the iridium (90 % test 6 against 93 %
test 10), these 2 tests being carried out under air, for 60 minutes of reaction.
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II - Example of complete process according to the invention

Example 11
Reaction of isomerisation and of carbonylation with recycling of the

catalyst
The various components of the reaction mixture ; acetic acid, methyl

formate, methanol, methyl acetate, methyl iodide, and optionally water, are
continuously injected into a Hastelloy® B2 antoclave containing catalytic solution
prepared according to the process described in the preceding Examples. The flows
leaving the reactor are directed into a zone wherein a fraction containing the acetic
acid is vaporised. The non-vaporised fraction containing the catalyst is recycled to
the reactor. The vaporised fraction is condensed and represents the ligquid
effluents.

A total formic acid and methyl formate concentration of 6.5% and a
water content of 1% is maintained in this test, in the non-vaporised liquid fraction
originating from the flash.

The composition of the reaction mixture in steady state, determined by
gas chromatography of a sample taken from the reaction medium, expressed in
mass percentages, is the following :

water : 1.3%

methanol : _ 0.1 %

methyl acetate : 16.1 %

methyl iodide : 9.7 %

formic acid : 43 %

methyl formate : 1.6 %

acetic acid : remainder up to 100 %
the iridium concentration is : 2050 mg/kg (ppm).

The temperature is maintained at 190°C +/- 0.5°C.

The total pressure of the reactor is maintained at 2.4 MPa +/- 20 kPa
(24 bars).

The partial carbon monoxide pressure is maintained constant at a
value of 1.05 MPa (10.5 bars) ; the CO used is of superior purity at 99 %. _

The calculation of the rate of formation of acetic acid by the two
reactions of isomerisation of methyl formate and of carbonylation of methanol is
carried out by virtue of the outputsfinputs balances achieved on the liquid
effluents from the vaporisation zone, which are collected for a given duration
(between the 40™ and 43™ hours of functioning), with respect to the flows of the
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compounds injected over the same time interval, after which the chemical state
was stabilised. The calculation of the carbonylation rate is made according to the
consumation {output/input balance) of the carbon monoxide by the carbonylation
reaction.

An isomerisation rate of 1.4 molh-1I-! of acetic acid formed is
obtained, and a carbonylation rate of 16.4 mol.h-11-1 in acetic acid formed is
obtained. The acetic acid is found in the form of acetic acid and methyl acetate.

The TOF (Turnover Frequency), which is calculated as the ratio of the
total rate of the 2 reactions (17.8 mol.h’..I"') and the catalyst concentration of the
reaction medium (0.01067 mol.I") rises to 1,670 h'.

In this test of an overall duration of functioning of 100 hours, between
the start and the end of the test, no loss of catalyst was noted by precipitation or
deactivation. This fact is established from regular analyses of the iridium
concentrations of the reaction medium, of the vaporised fraction and of the non-

vaporised liquid fraction (recycled towards the reactor) originating from the flash
zone.



19 I'l - Exam |l e of conplete process according to the invention Exanple 11
Reaction of isonerisation and of carbonylation with recycling of the

catal yst The various conponents of the reaktion mxture : acetic acid,

met hyl formate, nmethanol, nethyl acetate, nmethyl iodide, and optionally
water, are continuously injected into a Hastelloy(r) B2 autocl ave

contai ning catalytic solution prepared according to the process described
in the preceding Exanples. The flows |eaving the reactor are directed into
a zone wherein a fraction containing the acetic acid is vaporised. The
non-vapori sed fraction containing the gﬁ%g%%g Is recycled to the reactor.
The vaporised fraction is condensed an sents the liquid effluents.
total formc acid and nethyl fornate concentration of 6.5%and a water

t of 1%i t n rised |Liqui
contet of 1061 e 08¢ 53k T AR OBRY S5k
m xture in st ék@égfﬂ‘éattlaﬂé)f @%F@ﬂbﬁhéﬂp@yess%ef hanelzetuoy of péeticadcid asdiop be
taken fromt he}nétﬁ?l_cﬁée@.ﬂe rﬁ%éﬁrﬂfﬁ\g gsﬁgcés&:st Eﬁiﬁ @g%%@g}é?&?%d id és ttrret hyl

follow ng : water 1%
i odi de :99 7 ‘}I@acft’é)lnrﬁt@ Ak fegst: ong. r@@@lbfh&arwte lﬁ@nmaaon raacgon 4s earried ot @

remai nder up tiuldphise, tlhethb(rjpréidﬁﬁé AINELHIH ﬁ{dn%ldbsand %?5400 !59 %@Q@
Theterrperature i S. mai nt %11100 +/- 0.5C. The total pressur t he
reactor is mai LS att cgstyopgpohalogenates iprametoy %r%)lewf@epmlﬂ@fbaé%ﬂf bon

nonoxi de pr es satabyticscomgponhd; aned irco ae‘doaﬂtstept ro@crred&bla@ thd fldstOsepVtRe f)i{@ifaﬁt e
h 0

; | t cal cul at ]
fate of 1ormyBaorol o8 e eRTon e ihe Eiling Bagt e AEsGHen § sHein e ron o
met hyl for mat & $apdrayir refartedriy| st uhcrﬂash saprritan atharasterised in etcht GUuEomBisty id t ue
of the output Srﬂélﬂﬁiﬂlﬁg Qﬁ"b@&&l‘?éo H‘P_l rﬁcfdha?ldldfqﬁ%ﬁﬁl f?hngtg%f'teé?f ro the

vapori sati on Zone, ar e CO Iven t he
4o|tO h and 43rd %okir% @r W&l&tt Psﬁmégjlquw fmctr@s;mﬁeratbw thietwdanohsaraf 501, 2 2 O

EC 7003 preferably between 1 and 30 %, by weight with respect to said liquid fraction, in
the non-vaporised liquid fraction originating from said flash separator.

2. The process according to claim 1, characterised in that it is applied
to a process of manufacture of acetic acid and/or of methyl acetate which is
carried out continuously.

3. A process of manufacture of acetic acid and/or of methyl acetate
comprising a first step, referred to as the reaction step, during which at least one
methyl formate isomerisation reaction is carried out, in liquid phase, in the
presence of carbon monoxide and of a catalytic system comprising at least one
halogenated promoter and at least one iridium-based catalytic compound, and a
second step, referred to as the flash step of partial vaporisation of the reaction
medium originating from the first step, is carried out in a separator referred to as
the flash separator, characterised in that an overall content of formic acid and of
methyl formate at least equal to 1 % by weight of said liquid fraction is
maintained in the non-vaporised liquid fraction originating from said flash
separator.

4. The process according to claim 3, characterised in that said process
is a process of manufacture of acetic acid and/or of methyl acetate carried out
continuously.

2003



20 conpounds injected over the same tine interval, after which the cRdnBkalin
state was stabilised. The cal culation of _the carbonylation rate is mde
according to the consunmation (output/inp bal ance) of the carbon nonoxi de
by the carbonylation reaction. An isonerisation rate of 1.4 nol.h-1]-1 of
acetic acid forned is obtained, and a carbonylation rate of 16.4

nol . h-11-1 in acetic acid forned is obtained. The acetic acid is found in
the formof acetic acid and nethyl acetate. The TOF (Turnover Frequency),
which is'calculated as the ratio of the total rate of the 2 reactions

(17.8 ol . h-1. |-1) ands te p;raée@é H&br{ﬁ@%ﬁﬁﬁ&‘ié@fdlﬁﬂmoi télﬂechafa%?e?{s}e@g'lurap' um

(0.01067 nol rises 1, this test of an overa tion
of functioni ngsaﬂ) figsh gfe Bg‘ﬂfﬂ?m%‘@?ﬂﬁéﬁm?tﬁ%‘loéf?gpf’nléﬁwqfﬁéﬂ@ﬁd of the test, no

| oss of catal yst was noted by precipitation or deactivation. This fact is
established from regul arana of .the iri m_conc rati ons, of the
reaction nedium of t hég T\;% o?é%%%ccﬂddﬂg ﬂnea%locli?)‘fnst]l“u@ ﬁcf&?afafi'&ﬁ‘é‘?q edat i qui d
fraction (recytetr comentdf lessahared G by)wemghtgora&tahh;goﬂ' lessmbiah @ %! \bel gpne
21 CLAIMS 1. A, dl ELLL [Qr prev

er %ﬁé& t(g llﬁﬂfdoﬁldcﬁgn toﬁgm% t%‘%@?{ch, rggl gad%ff '8 ghqt

deactivation of the cat alg I'n process
and/ or of net FﬂHl Efé@t@te accordl ng to which processes ina first step,
referred to as the reaction step, at |east one nethyl formate

i somerisation reacti on7 iﬁ%carrl ed out in |iquid phase, in the presence of
carbon nonoxi de and of AUt pecosdiag é@rﬁlaelﬁrﬁarqhéﬁaﬂfgﬂmd incthet smdevater

hal ogenat ed proon@nels aiintained QRIEssOMaEn 05 0 BIHPASIATwith %%le%% 'rtcf |t&10 fRaind.

and, in a sec re s the flash step,
vapori sation 3&%9 é%plgléléﬁ h'll?&a?ﬁ r| ginating fromthe first step is
carried out in a separator referred to as the flash separator,

characterised in that t i ntai n ver al | en
fornmic acid and of neglhgflg?(;)br%lﬁ%tazccg@nfge ste Oflfgﬂ“%sqg 16 %90%?%P th sai d
liquid fracti dAld seefdestam Pl partieleaporisationds MI%ed lpreﬂarchhéyobpﬁﬂ\&emob and

30 % by wei gf&hd%éd@efﬁM)ﬂ{étacEﬁ’c §@inanIde}LHfCthé rn?e?lji}'l %@etafe #qﬁe Qrgg%%sge ori sed

I|qU|dfract|3n origi.nating fromsaid flash separa
according to R g@ﬁ%%@?‘@ﬁﬁ’é‘é@ﬁ?fﬁaﬁﬁ{l VFROFISQU%pI i ed to a process of
manuf acture of aceti c acid and/or of nethyl acetate which is carried out

continuously. 3. A prgc manuf gct ur e of tic acid and/or of nethyl
acetate conprising agf ?E%Pr°§Fsépacc9 g’f"@rtp&llm égla'iaﬁ@fl?%'é‘tt?‘@n is thegthirdur i ng
whi ch at | easstepred puriicatidn dndrreeivery, senferiadcidR sepasted Gon teCREf 8ddout ,

in liquid phagg.reddpivk Mstillation by injecting methanol into the lower part of the distilling
column, and by removing the purified acetic acid at the bottom of the column and
the methanol and methyl formate mixture at the head of the column.

10. The process according to one of claims 1 to 9, characterised in that
the halogenated promoter is maintained in the reaction medium of the first step at
a concentration of less than or equal to 20 % by weight.

11. The process according to one of claims 1 to 10, characterised in
that the content of formic acid is maintained in the reaction medium of the first
step at a value of less than 15 % by weight.

12. The process according to one of claims 1 to 11, characterised in
that the methyl formate content is maintained in the reaction medium of the first
step at a value of less than 20 % by weight.



presence of carbon nonoxide and of a catal ytic system conprising at | 2<HEC 2003
one hal ogenated pronoter and at |east one iridiumbased catalytic
conpound, and a second step, referred to2ds the flash step of parti al
vaporisation of the reaction nediumoriginating fromthe first step, is
carried out in a separator referred to as the flash separator,
characterised in that an overall content of formc acid and of nethyl
formate at least equal to 1 % by weight of said liquid fraction is

mai ntai ned in the non-vaporised |iquid fracti on originating fromsaid flash
separator. 4. The proces laim 3 aracte d |ntht said
process is a process lgf ?H%ﬁa?@egs{ %g:gtag LR TR 8%%“853 ng/ gf“'aﬁ@’flh

acetat e carri dgrtdhe metlyltdcpiasusingent s maDEﬁchDElBtlEZreECudﬁhaeqhuaceSmeefﬁﬁtor di ng
to one of cl aisf at alvalfe of (IR % ét dhat said first step further
conprises a nethanol carbonylation r on 6. The process according to
one of clainms 1 to 5, characterised |n that a water content of less than 5

% by wei ght, preferablig. The bagssst :tt«aarcﬁ? %cbt;né/vef 8fims Wtbhtc?r %ﬁmstegtéal ﬁf"" d

I|qU|dfract| nat i fromthe IS mal ntaine

fraction. %haé??ﬁ %88% §°@%88‘FBE lﬁgﬂ%lﬁtatélpﬁﬁ%b& reaghign sradigm o the first step ats al d
wat er contentauamermﬁunhwmdhsathah%%ﬂiyaﬁbt to % by weight with respect to
the liquid fraction originating fromthe flash. 8. The process according
to one of clains 1 to 7, characterised in that said second step of partial
vaporisation is foll O\A/édThtypa)cedsi acdomslirgptoobnepof tthingal iton 4, angtaéespeiny Of

e jocet 1 ¢ acksh ol ofuglendl BERA FCSLALEGT FBR LG ERSREd el T2 0"

originating fromsaid vapori

according to EFe&P’l’FPE?t%fﬁa acterised in that, in the third step of
purification and recovery, the formc acid is separated fromthe acetic
acid by reactive dis il—tt"f?dl on by injecting nethanol into the | ower part of
the distilling colu PERFe$Se ARRPTHHEE tReclaim i K5, characterised dniBatasaitihe

bot t om of thehdogmdapﬁbmdmelsrrmtmemlfmaﬂ% cdiistiRg SfModfnd! Syt Ne
head of the cglum %fgl d%ha {g §il cﬂjc rdldggdtﬁg one gfﬁéc lains 1t yé
characterised I n t’h]g FHARGPY %Cﬁ & l%rom)ter is maintained in the
reacti on nedi um of the first step at a concentrati on of less than or equal
to 20 % by wei ght. ne,of cl.ai 1 to 10,
characterised, in that tﬁﬂﬁ E%O(%? CC%?(ﬁ?%qﬂt a‘&t:. » jeBanagierised i dhat, Sft‘g
reacti on medi WHPEMated é)rtmp@tlsrmtbﬂ igdida. val ue of |ess than 15 % by wei ght.
12. The process according to one of clains 1 to 11, characterised in
18. The process according to one of claims 1 to 17, characterised in
that the catalytic system further comprises a rhodium-based catalytic compound.

19. The process according to one of claims 1 to 18 characterised in
that the overall concentration of the catalytic compound(s) is between 0.1 and
100 mmoV/] in the reaction medium of the first step.

20. The process according to one of claims 1 to 19, characterised in
that jodides in the form of an ionic compound which is soluble in said medium are
maintained in the reaction medium of the first step.

21. The process according to one of claims 1 to 20, characterised in
that, in the reaction step, the temperature is maintained between 150 and 250°C,
preferably between 175° and 210°C, and the pressure at a value of between 0 and
200.10° absolute Pa, preferably of less than 50.10° absolute Pa.



that the nethyl formate content is maintained in the reaction medi umbi DER@IN]
first step at a value of less than 20 % by weight. 2 2 DEC 2003 23 13. The
process according to one of claims 1 to Z# characterised in that the

met hyl acetate content is maintained in the reaction nmediumof the first
step at a value of less than 40 % by weight. 14. The process according to
one of clainms 1 to 13, characterised in that the acetic acid content is
mai ntained in the reaction nmediumof the first step at a value which is
not | ess than 25 % by weight. 15. The process according to one of clains 1
to 14, characterised i h n el ect.ed from

i odi nat ed conmpounds an THQ %ﬁ%%%%§oﬁL§$E)§ﬁe%%8&$ﬁ?5%90ce§ m%@@%?%ﬁﬁb to
cl ai m 15, charthat 'arlll‘;etbpmf [tatzel Vsmr@atlhmltbgmmmwaiumwmmmmamcd bepveent8®d from
the group con t 5 dic acid and acetyl

i odi de. 17. T%%agpggégédg@g; mt@ﬁb%%épgkﬁ@?g% ﬁ%&gg rlsed in that said
hal ogenat ed pronoter is nethyl |od|de 18. The process according to one of
claims 1 to 17, characterised in that the catalytic systemfurther
conprises a rhodi um based catal ytic conpound. 19. The process according to
one of clains 1 to 18 characterised in that the overall concentration of
the catal ytic conmpound(s) is between 0.1 and 100 nmol /I in the reaction
medi um of the first step. 20. The process according to one of clains | to
19, characterised in that iodides in the formof an ionic conpound which
is soluble in said mediumare nmaintained in the reaction nedium of the
first step. 21. The process according to one of clains 1 to 20,
characterised in that, in the reaction step, the tenperature i s maintained
bet ween 150 and 250C, preferably between 175 and 210C, and the pressure at
a value of between 0 and 200.105 absolute Pa, preferably of |ess than

50. 105 absolute Pa. 2 2 DEC 2003 24 22. The process according to one of
claims 1 to 21, characterised in that, in the step of partial

vaporisation, the tenperature is maintai ned between 80 and 200C and the
pressure between 0 and 20. 105 absol ute Pa.



