METHOD FOR PREPARI NG ACETI C ACI D AND/ OR METHYL ACETATE BY METHYL

FORMATE | SOVERL SATTON The object of the present invention is
t he': preparatlon of acetic acid and/or 5 nmet hyl acetate, by using an
i somerisation reaction of nethyl formate Vari ous neans of
access to acetic acid are known and used’industrially. Anongst these

are the carbonyl ation reactions of nethanol. This carbonyl ation
reacti on may notably be carrled out in the liquid phase, under the pressure

of . . carb BEOR 1§ REETRE AID AREJOR! fre Rignce of
a honmogeneous cata y¥| C system conprising a comnmpoun ase on rhodi um
and/ or iridi uBYMﬁWLFORMAMlIS@WRMONJr Anot her neans
of access is.constituted by the .isonerisation reaction of met hyl

formate in the presence of a catal yst: based on rhodiumor iridium

In the isonerisati | rried
15 - out with a so@egﬁggﬁn@gﬁf @éﬂéﬁ@%ﬁ Jﬁg}b%@gﬁggg%ﬁkg@c (?raand
nor e © 5 paietiyl heetaty, byt isingtam isorpérisdtioe teactlditof Bethyl formate. mor eover

carried out under :an at nosphere conprising nltrogen It has, in fact
been noted that t h¥aEgys,means of accessrigacalc asid aseknewn g8d ased, indusiyally.

particul ar ad I ths cause
of a certain innhibiti O%g%@%%%@og@al Sat a?{gﬁnsr%% fh%ﬁ& gﬁb@\}%tg% ng
si de reacti onfeaction infayt sotitly het @ariéchent muthe liguid IpaaSepuﬁdersthe Pressareyof

di fferent fromthat which is observed when the catalytic systemis
r hodi um based€¢arban wenexide, which isene afithe rpagents, dw therpresspesof :borasgeaeoyss

essential ;f0 Q type
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i nterest i nduﬁidﬁnavédpmﬁior&e the reaction which is described therein 25 is
not sufficiently efficient. In fact, the reaction rates are only in the
order of : nﬂppw,er meang; of accestlisoponstitugad by heisemperisation reaction off t has

been proposed, ?&ﬂﬁf anl%éaggg% ?gfggat@ﬁ&%a&%%hﬁrg?@@ma&%ﬁ nent i oned

met hod, to us BN TEBI ence orH strong

acid of the sul phomi thediSorflerigatién nferlids 2ataBRER P @GRS WePRARIch 18 attiddor
exanple. 30 Under the conditions of this nethod, the reaction is carried
out usi nglyi gav w;ﬁ:np solvent which is selected from the carboxyhc acids, and more

-t

partlcularly, the acid produced. The reaction is moreover carried out under an
atmosph_ere comprising nitrogen. It has in fact been noted that the carbon
mbnoxx%de did not bring about any particular advantage'__during the reaction and
could even be the cause of a certain inhibition of the isomerisation reaction, it

20 favouriixg side reactions. It is to be noted that such a behaviour is entirely different
from that which is observed when the catalytic system 1s rhodmm-based in which
‘case the presence of carbon monoxide is essential for keepmg the metal in the
homogeneous phase. This type of method , whose mterest is not questioned, does
not have any real interest industrially since the reaction Wthh is described therein

_25 is not sufficiently efficient. In fact, the reaction rates'e:rﬂe only in the order of
2 mol/h/l of acid and/or ester produced. ..

It has been proposed, in order to improve the ‘results of the above-
mentioned method to use the isomerisation reactlon m the presence of a strong
acid of the sulphonic acid type, such as paratoluenesulphomc acid for example.

30  Under the conditions of this method, the reaction is carned out using significant

amounts of methyl formate to be isomerised, which is consequently also used as



ampunts of nmethyl formate to be isonerised, which is consequently al so used
as ‘ 2 sol vent
for the reaction. If this inprovement contributes: to the inprovenent of the
activity of the reaction, it does neverthgl ess have the di sadvant age of

necessitating the use of a further cOnpound, which does not sinplify
t he net hod. Further, it is possible that this acid degrades
under the conditions of the 5 reaction nmedium An ai m of the

resent invent} S . | I | on of t hyl
1? ormate, into éaogibtn:t gortatlfg? %léan /gfrtﬁlr?e y%g%é&@%@ﬁé@@epwaﬂ%%w ?gﬁﬁes
i nproved with activitgof thereadtion] indoéssevertheless have tha disadvant£he of heasitanagy e,

this wi thout it being necessary to enploy a further conpound to this
end. 10 the use-0f 3 fsthgpampound, Wwhich deesnot simplify thegnethed.i nvention is

ventt on whi ch hasFSpl iy pIRBREUP i OB acBRRES i LoRMibd oLl o'

aci d and/ or5 nmetehstionanedigime, by reacti on of met hyl formate, in the
presence of water, a solvent and a catal ytic system conprising at
| east one hal ogenat@B ajsn gfthepresspiginyentionds to praposera methad phisemerisationwfpound.

™ c . __ N FHE Ceed by th
fact that o [ olyf s hOCaRhESaR e Bl dafd URRS rdftm "
pressure infprovedewitl. respectl &) eiie’ twddsomitdisatfon variin®y BdscHBed abeve, Mhis

mai ntai ning a net hyl, formate anount of bel ow 20% by wei ght of the
reaction m xt uywithout it being necessary)tp epploy; s.further campound én thisendn t he contrary

to what wag assertelq”,*'h,a i oy P13 t esence of carbon
nonoxi de was essenti a {&6&%’[@% |so°§i.1;ar°|°95r§. g’()tﬂtt&ainvazﬁ@g%ﬁ%ﬁ&ﬁm{ehe ester in
the presence of iriTheséand other goals are m&bﬁ%r&%ﬁnv@ﬂ%f&nfbﬁmch HROIheR dre
characteristic of the reaction is that the anmount of nethyl formate

whi ch reacts ni9%objsst she prepasstion of Gwstic, aeid rad/ar anethylhagetate, by reagtion eft

productivitie : h t he Lnation of these
characteristi ggswﬁgls f%rr%attﬁ’eﬁ' t‘"rPEI Bllse;s)?nf?n%fc %T‘%r’ gtﬁ?gveﬁf(?&ﬂc? ﬁ%aﬁ%ofym' first
met hod descri besghgrisingOat fdabiPbie hilogBnatéda pionitilert AR1 at least one iridium-based

15 compound. The reaction according to the present invention is characterised by the

fact that it is carried out in maintaining a partial carbon monoxide pressure
between 0.1 . 10° Pa and 25 . 10° Pa, and in maintaining' a methyl formate amount
of below 20% by weight of the reaction mixture.

It has in fact been noted, on the contrary to what was asserted in the prior

20  art, that the presence of carbon monoxide was essential for the isomerisation
reaction of the ester in the presence of iridium.

Furthermore, another important characteristic of the reaction is that the
amount of methyl formate which reacts must be at the most 20% in order to obtain
the best productivities. |

25 Thus, the combination of these two characteristics has enabled multiplying
the prbductivity of the first method described by 10, simply by maintaining the
conditions of partial carbon monoxide pressure and ester concentration during the
reaction within the intervals mentioned. Furthermore, the prodﬁctivity of the
method according to the invention is better than that of the variant which

30 comprises strong acid since reaction rates of the same, even greater order of

magnitude, have been obtained at lower temperatures.



conditions of partial carbon nonoxide pressure and ester concentration
during the . , reaction within the intervals nentioned. Furthernore, the
producti vity:of ‘the nmet hod according to the invention is better than
t hat of the: Varﬁéﬁt which 30 ~ conprises gtrong acid since reaction rates
of the sane,:evenh greater order of gni tude, have been obtai ned at

| owner - tenperatures 3
For greater_clar|ty, the nature of the reagents shall first of all be

19 gf(r:nralt 2ed. o Forgﬁaw}%m%gﬁ o#a%@%e mv&gﬁe%%rfﬁlfﬂg%ﬁsgp ?l%ea?ﬁmﬁ’ﬁa/t he

presence of a. cat aI'Dl’tus;:thereacnoxsis?.J‘aﬁinvdmteﬁ‘th lifo@gat@lt | east one
hal ogenat ed prom)t and at | east one 5 i ridium based conpound.

The hal ogenat ed’ protist Bethodof the mygptionsis cardgdbowsintthe praseraei Qfmanatalyuc t he
catal ytic. syst - r af b [ ed co

The hal ogenat eﬁgklrdor%fvnht?%r E{%}@H%eg iﬁnﬁé ﬁe&%o g%da?%dﬁﬁgmg%{l eqs& one
conbi nati ol vmmkinm-basedebmpam$ such as for exanpl e hydrogen

Cerr]-Cerr] alkyl 10 radical, a (Jerr]-Cerr] acyl radical, a
Clerr]-Cerr] aryi: Thechalogenated pEopRer; Whigh repassexits orsdfithe constituents ofrthe al

| odi des, such I di des of .nmetals of col um
TS SO R sion] MRl et B Som i gt 't

C

is to be not ed thatT‘Hehhalbgdlﬁtbanptbﬁiétd?rmﬁi)tb@rmWﬁx\é Mmcéﬂiddlﬁ&tﬁéheoi)r%
m xture of “several. of the above-nentioned pronoters:

context of theé Wity other slemeaty suchas for eK@ﬂplelhydmp,aa |Chgﬁlsalk(yl

hal t h
he oxanpl &2 5?9%5?%‘%%‘3 o Yol b E56 U B0icBPBY O i BHEF RIS o
i odi ne, hydr oimetaliodides] sucteistydnsitiofl ntital i6diBes, of iédid@@of hethisHf cORRE] 1a0e,

acetyl ~iodj de, . al umi njumiodi de, chromumiodide, Iithiumiodide,
pot assi um i od|Q§éh“rWl°§€F°139§@°ﬂ%@Ih%ﬁt§w elemeats. wi t hout intending to be

: In\r/netnlt Pgn t he prorm s tdatﬁ‘ggéghwatttﬂggﬁ%%gt%‘g hfp(rﬂ g‘gﬁ%ﬁg&éﬁé@e}] ‘g[%rr]

al kyl radi cal mRnﬁéefgd%isalofiheab@n}dbﬂeﬁtﬁirﬁdpmmotersprOm)t er conprises iodine
and a radical of the nethyl ﬁ&e The 'second el ement of the

catal ytic18yst em usldg Gomtexhof the pogentciventiongshall not be left in preparing said
- halogenated promoters in situ with the aid of appropriate precursors.

As examples of promoters which are appropriate to the present invention,
B jlodme, hydroiodic acid, methyl iodide, ethyl iodide, 1,1-diiodoethane, acetyl
_ 1od1de, aluminium iodide, chromium iodide, lithium iodide, potassium iodide may
20 be notably cited, without 1ntendmg to be limiting,
Accordmg to a particular embodiment of the invention, the promoter used
- 'co_m_pqses hydrogen or a C,-C,, alkyl radical. Preferably, the halogenated
_promo§er comprises iodine and a radical of the methyl tSrpe.

a 'I'he second element of the catalytic system uset;i in the method according

25 tothe invention is constituted by at least one iridium-bésed compound.

- First of all, the reaction according to the invention is more particularly
carned out in the presence of a homogeneous catalyst. In other words, this
s1gn1ﬁes that the iridium-based compound is notably in a form which is soluble in
the reactlon mixture. It is to be noted that the pwsence of a part of said iridium-

30, _bas;d gompound in a non-dissolved form, does not have any major difficulty for

_tht_:); imﬁlementation of the reaction.



25 to the invention is constituted by at |east one iridiumbased conpound.
Fi.rst of all, the reaction according to the invention is nore particularly
carried out “in'the presence of a honbgeneous catalyst. In other words, this
signifies that the iridiumbased conmpound is notably in a formwhich is

soluble in the reaction mxture.. It"is to be noted that the presence
of a part of said iridium 30 based conmpound in a non-di ssolved form
does not have any major difficulty for the inplenentation of the -

i on. | o . . 4
Lle?ct Ihgni ri di um cofpolih FAdim compopads which are solubls or able,to be dissolvsdadhe 1y ¢ e
reaction medi yéhction sRedivnk)nden @k (chAdifioR of itpl&HE MR JTh feabfith, meACHd ON.

may be used.. As exanpl es, and wi thout "intending to be Iimting,
metal | ic iridbsed. As examples, andnwitkout sinteadingite bexlinpitingy mesellin iridium, its

co-ordination I S, .notably b .appropriate in the

i npl enent at i oﬁﬁgﬁw{sﬁe d ﬁ%fg%ﬁégrgr even 1ts cé-ordmgggx g?'ﬂélf ©% P Boielly b the
i ridium hai dﬁpﬁylﬁpﬁatémﬂﬁﬁﬁpmiaﬁoﬁ%ﬁﬂ)e invéation. ~ hal ogen is nost
particularly selected fromchlorine, bromne and iodine, the latter

bei ng preferred. TW§simplenipidinmisalts, 8ie izidium hplidesjare comdieptionally|usefl. Bhe | |

lrl AH etrd O Lrd I 3. 4H20 . -~ be, .int t hod
hcor i o o PRIRBE (ot ghtticylgry seletelf b EHIoNER, Protfin® R0 adindytie (et
Ir[err]  err] b¥inkepretéreddTHRAEU dbhpoliRls CoueH SN L, | ¥BHS Q€L msl.gizto,tﬂﬁ, met hod

according to the invention. Regar di'ng the sbl ub
co- or di nat i on IBspPil X may b used inithevmethod g tajthe inventiomhi ch are nost

comonl y ed are ose A | i gapd el.ected fro rbon . nonoxi de,
or a carbdh nonoxi @3‘}%&3%8‘&9%%%?@1 frb(iﬁx}ff emﬁﬁleﬂbaghctgee?‘?ﬂeg’@%%%"d{]lS

f.rom chl of i nejn {heMMetAG scofgetoRRe invention! | Y i odine. It is not neverthel ess
excl uded to use soluble iridiumconpl exes whose |igands are sel ected

fromthe organo- Regardingdbopsaluble comndivatinhscomplexes gf iridivm; thegempoundsounds
o1, exampl . whigh ar pos ooBinst o 35 ol SR B eBic ol >°"
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wi t hout i k% enfiioonchlerine, bromine or more particularly iodine. It is not nevertheless excluded
| to use soluble iridium complexes whose ligands are selected from the organo-
phosphorus compounds and organo-nitrogen compounds for example.
As co-ordination complexes known to the person skilled in the art which
are particularly convenient in the implementation of the invention, Ir,(CO),,,
20 Ix(CO),L Q, Ir(CO),Br,' Q, I(CO),Cl,;” Q*, may be cited without intention to
limit; in which formulae Q may be notably hydrogen,_' an NR, group, or a PR,
group with R selected from hydrogen or a hydrocarbon-r_édical. ‘
- These catalysts may be obtained by any method.known to those skilled in
the art. Thus, the EP 657 386 and WO 95/17963 patents may be referred to for the
25  preparation of iridium-based catalytic solutions which are appropriate for the
implementation of the present invention.
It is to be noted that the reaction according to the invention may be carried
out with a catalytic system which comprises, besides 1nd1um, one or more other
metals from Group VIII. More particularly, the reaction _:r_'nay be carried out with
30 an association of rhodium and iridium, or even an assdciation of ruthenium and

iridium, or even a catalytic system based on these three metals.



limt; in which fornmulae Q may be notably hydrogen, an NR4 group, or a PR4
group with R selected from hydrogen or a hydrocarbon radical.

These catal ysts may be obtained by any nethod known to those skilled in
the art.” Thus, the EP 657 386 and WO 95/ 14963 patents may be referred to
for the 25 preparation of iridiumbased catalytic solutions which are

appropriate for the I npl enmentati on of the present invention.

It is to be noted that the reaction according to the invention nay be
carried out VrtdiclR oCRArinY it GdSMted Ce bGP rﬁgdm i S8&m i | i di um
one or nore other nmet al s flrom oup VITT. refﬁglrt Icu gr"ﬂg,%ﬂﬁﬁe
reaction nay tesseaated enttaisitis mdré paflicuburlyasetwesnat /10 randf 10/hoPrefsrablpditi isi di um
or even an associ.atjon ﬁf r ut heni um and i'ridium or even a catalytic
syst em based (ﬁfe‘f‘ﬁ‘eé'@‘?‘ ree netal s. -

5 | As Y55 been'REhiiHed brevidiR : -oular ' 4 pidium
and t he ot her associ g?nel%arlret aﬁg&? S n@{,%plgé@?%%éﬁt@&@éig\%ﬁc%&dxh 10 and

10/ 1. Pref ér aktbyhe invention is carried petaindhe presencd 6flwater and asolvent. As it has been
mentioned previously, the i ri satj on reaction accordin 5. tao the

SO .
invention is carri o 58ards the splvent.dhis can compriss ene offaomg caghoxylie acids, as
As regards theygpid&h | ms%ggag bhS Eo- L ' Bveskibg acids, as
wel | as ot her conpoun%fsm}}giglﬁgnate as&(%(é)-sggcflgeelﬁ'. lsnr@%ﬁ{eﬁg{tprestel% “invention.
More particul arly, Maiedpaticulerly, said ssplvent dsl stleoted t fiemcthebeathbiylicasdidss .
According to a, part.icul ar enhodi nent of the present 'invention, the |
carboxylic aci‘?j&fﬁim$g°%ﬁ‘fr@g'ﬁéroa? QS"H‘?‘Hé’fQFI BIesent mventions thecarhoxykic agid 2 t o
10 carbongto Rét inhati irfg%fr LOG Q{T&u cLakdl to a
particul ar I®y gg\??aln't g%g%)gglh\eér#)lgg?ur?egrﬁi&% o‘?‘ng{%)b%;%@n |Irllf\‘e/’\'eﬁl‘t(}’'egélﬂ,i sai d
carboxyl i ¢ acifitom< tacketarbomatoths. Abeordingite atpacticuldily advantagdvus eaibodinisaent i on
shal | not be loefft}:ei n enp] oyi ng a m xture_of the above-nentioned

aci ds. 15 PresgRt inxeRtion, said capiogylie acid 18 eetic acight Thenconfext oftther mor e

carried out i g)ﬁéﬂﬁt invexiltilopwhgﬁ S0CHe Q{“t iix gﬁ@n@r@% H}%Mé& th al v%%ﬁgﬁtioégc_it he

y]

medi um and caonsequent counte e carboxyli1c acl
Form c acid nedcids, up an i ntegral part of

15 The reaction according to the invention is furthermore carried out in the
presence of formic acid which is present in the m'eéium, and consequently,
counted amongst the carboxylic acids. Formic acid makes up an integral part of
the solvents included in the reaction used. .

The context of the present invention would not of course be left in using a

20 additional solvent which is inert under the reaction mnditions. As an example of
this type of solvent, esters, ethers, ketones, amldes, sulphoxides or even
hydrocarbons may be cited. The preferred co-solvent is methyl acetate.

If co-solvents are employed, the amount of catﬁékylic acid is preferably
greater than that of the co-solvent. " |

25 The method of the invention therefore consists :iii:-maintaining a specific
partial carbon monoxide pressure and a specific methyl formate concentration
during the reaction. | | |

Thus, the partial carbon monoxide pressure 'j3ij$ maintained between
0.1.10° Paand 25. 10° Pa. |

30 The pressures are expressed in absolute Pascals, and have been measured

in the hot, i. e. under the conditions of the temperature o__f_ the reaction.



t he solvents included in the reaction used. The context of the
present invention would not of course be left in using a 20 addi ti onal
solvent whi¢h is inert under the reaction conditions. As an exanpl e of

thi's type of solvent, esters, ethers, ketgnes, am des, sul phoxides or even
hydr ocarbons nmay be cited. The preferred co-solvent. is nethyl acetate.

I f co-solvents are enployed, the anount of carboxylic acid is preferably
greater than that of the co-solvent. 25 The met hod of the

i nvention therefore 4 [ |0k o i I fd . .partial. .carbon
nonoxi de pressure a‘%g&g&l?gtet?:iaf@%%%ﬂﬁf%&%%p%%hcdgk? g}viegtrll&ﬁ 2 b a%%}uri ng
the reaction. carbon monoxide pissiae i ineinteindd above 8r.010° rRanindi pleferiblys abdve i S
mai nt ai ned betwgp 0. . 10[err] Pa and 25. 10[err] Pa. 30

The pressures 3axpressed in absolute Pascals, and have been neasured
inthehot,i.e.um@%~ cTolslol N o - t{xe tion.
6 Accor a|I£r%£glect 0 a%rré)drogf% r%sls%%ﬁsa% | n&g(gndémi%wgr} |3de btegé

i nvention, 5a phforé pdrticularly, icisbblow btk Pde pressure i s maintai ned above 0.5

. 10[err] Pa and preferably above AQ[err] Pa. . .. The -
partial carbon nonoXi $fSOR dwportant; charagiesistic, 9 Jhe | nressat dnyention ig ghatrthe Pa.
5 More parti { fofmatelcohfinP! [ . o . . A second
| mport ant char%gith Hst|i§°8¥‘t%%‘%k8¥¥e§s°g°r¥¥2§%vb§’;‘f’%‘ nta(rlfé}let%eg%uotnr{xélxture. nmet hyl
formate content is Referatiylsaid Sihelyentiohedh tstaf conbent doeChotogd oveti10% b

Preferably, said above-nentiqned ester content does not go over 10% by

wei ght of the VEBEY a5nthei feagten mixtweqiAgsording tpant particepily adventagenysous 10
enmbodi mentyepf | ; : ont oes _not go
B BenERtit nd BiE banido d Wb o bl ebihelieR iy, B0 5erC
reaction is ca¥%ibydveigit of tird reactionahixturé.he above- nenti oned

characteristics arwgf rably, kept copstant throughout the reaction. It is

to be noted t t1he 158¢tiana s Carisdnovn Aeptinyeusty.c they abovesmentinpedar ound

during the characteristics are preferably kept constant throughout the reaction. It is to be

noted that the partial carbon monoxide pressure may move around during the
15  reaction, insofar as it is always found within the above-.mbntioned range.

When the reaction is carried out discontinuouély, the amount of methyl
formate is kept lower than the values indicated although going down, since said
ester is consumed by the reaction. As for the partial ca'rﬁon monoxide pressure, it
may or may not be kept constant, provided that it is found within the range of

20  above-mentioned values.

Both the characteristics which have just been clarified are essential for
obtaining a method whose productivity is consid_erabiy ._iéproved.

- The isomerisation method according to the invéétion is carried out in the

presence of water. More particularly, the amount of water, expressed by weight of

25  the reaction mixture, ranges between 0 (excluded). and? 5% Advantageously, said
content is between 0 (excluded) and 2% by weight. |

It is to be noted that the water plays an xmportant role in the method. In
fact, it participates in keeping the catalyst in soluti(:)_lz_l__.,_:}_;articularly in the partial
vaporisation (flash) zone of the mixture which shallbe described later. It also

30 enables limiting the side-reactions known for the hﬁéthods carried out under
| anhydrous conditions.



15 _reaction, insofar as it is al ways found within the above-nenti oned

range "When the reaction is carried out discontinuously, the
anount of nethyl formate is kept | ower than the val ues indicated

al though goi ng down, since said est i s consunmed by the reaction. As
for the partial carbon nonoxi de pressure, ‘it may or may not be kept
constant, provided that it is found within the range of 20 above-nenti oned
val ues. Bot h the characteristics which have just been

clarified are esseng W#’ ' Rroduetivity is
consi-derably inpr ove%ﬁﬁer{n?’;e’ the amo @Ew&ﬁ%rﬁﬁgecgg%?%h gto
the invention reaction is mbr@lphrticﬁla‘i-llyebetween OJlr@ﬁdE‘lZO% B{I [of tHer Raction
particularly, the am)unt of water, expressed by wei ght 25 the reaction

mi xture, rangeRiEEFGLEser ’(Yei&q Wa@ﬁ@m@tCAMWtdgéW? 1 angd 15% by

content is bet d). ]nd 2% by wei ght. It is to be
not ed t hat the% tgfﬁ]fe'g%scugﬁ portant role in the nethod. In fact,
it participhtes in kdep litgnditb@thiﬁﬂﬁanﬁiuntsfbfqﬁbmbﬂeﬁihdldéwﬂtdb@% arel %lvéﬂhst he
parti al vapor.i sation (flash) zone_of the m xture which shall

descri bed | at efd 1ndications Isfact, the persen skiliedtin the erfchasialiothe samei torkind thewn f or
h hod
L i I e

mai nt ai ned dur hag, whech has a benefi¢isll effect 6n theraetiviey ﬁﬁ&thb%fabmtﬁﬁf wRetdyst, and
20% by wei ght of the reaction m xture. Preferabl e hal ogenat ed

pronot er cont e#Rd pr theathardand, egprpmical, eppsiderations Jinkgd to 516 qoptebrought tabowt
m xt ure. e anmounts of pronoter
i ndi cat ed gbove ar ee@f %bfﬁ&o%&a?gm%q@&ﬁdq In fact, the person

skilled in the art 1The rest upttbel09% s éonsfifubd by ehe solvent @Pfthd”f‘iﬁacm&@ se
bet ween a maxinmal, efficiency of this conmpound on the one hand, which

has a benefi ci H?méﬂlﬁ’ébt the Jatfer,coraprises the,acihprogdiesds optimally yhecgster tprodugeds| yst |
and on the ot h%{ d:onom cal considerations linked to the cost brought
about 10 by the recycql ng of this conpound in the nethod. _ The

rest up to 100% i s pAodstingubedpiicilievany 6 thedfnvédtRon! BRCAhSht J¥ofnic
15  acid present in the reaction medium is kept below 15% by weight of the reaction

mixture. Preferably, the formic acid content is kept below 12% and more
particularly below 10% by weight of the reaction mixture.

Furthermore, according to an advantageous embodiment of the present
invention, the amount of free carboxylic acids present in the reaction mixture is

20  greater than 25% by weight of said mixture and such that the whole of the
constituents of the reaction mixture represents 100% By weight of the reaction
mixture. More particularly, the amount of free carboxylic acids is greater than
30% by weight of the reaction mixture, and preferably it is greater than 40% by
weight of the reaction mixture.

25 In the case where the co-solvent is present, preferably methyl acetate, the
weight content of it is preferably lower than or equal to that of the acetic acid.

It is to be noted that the formic acid/methyl acetate molar ratio may be
different from 1 under the conditions of the reaction, i. e greater than or less than
this value. The reaction may obviously be carned out with a molar ratio

30 equalto 1. "



ﬁa[ticularly, the latter conprises the acid produced, optionally the ester

pr-oduced, ~and formc acid. According to a particul ar
variant of the invention, the anount of formic 15 acid present in the

.reaction mediumis kept below 15% by wei ggt of the reaction m xture.
Preferably, the formc acid content is kept bel ow 12% and nore

particul arly bel ow 10% by wei ght of the reaction m xture.
Furt hernore, according to an advantageous enbodi nent of the present

i nvention, the anou r b | | C.acl presept in the reaction

m xture is 20 gregg%ér};lp{‘la%gz@%b@f%gg@%ﬁ%‘gﬁlg’%n&?t {ﬁagu%dn% Bhat
the whol e of tbetween 0.1 200100 ininiisl/1f prefefably'Betveat1 bad25npol1e represents 100%
by wei ght of the reaction m xture. Mre particularly, the amunt of

free carboxylic aci §Be jsomgrisation reagtipn, object of3thgopsesenieinypmtion; is preferablyt i on

m xture, and pgef. AV han_ 40% _ wel,gh t he
reaction mixt uéagﬁ%éﬁi'lﬁ the preSends ﬁgé‘ ?é’é‘és“gﬁfgﬁ stcﬁét6869fsl8?”\%*#"}23&f8rpé’§ént,
preferably SretTyé comesivd tetdléiare especiall iifh] nieksl, @fitonsihm, tmdlgbdename k! ¥

| ower than or equal to that of the acetic acid. _ =~ & It is to be
noted that theCOrESiiecmatalsieqptantyin the seastion mikere isamaintaingd b the methods

diff f ' 1 §i f ion, k. .e. h
o | eset han_adowtlthe biSof QA 11908 28 cobh B e ihBR: seleprife pibciRtaitn. ;|
with a molar rhguid lighid &&Hﬁionit; ﬁas%ing through ion exchange resins.

e

8 : Ceneral |y, . total 1ridiumconcentration in the
reacti on medium i s The reactign jggenerally earded oot ain® (trhperguest betwioty 158tanden 1

and 25 r’rm)i | . o . The i.soperi.sation r.eacti,o obj.ect
present | nvdent%soon,c' il\gorsrpéair%crn]a_:ﬁry the %Ch(i% %P&&atgﬁﬁt“i‘%?g???é‘ tﬁgé‘é‘ﬁ%@'@f a
corrosive net aPrefezably dbis betwdea¥gs ah#200°C.000 ppm 5 The corrosive netals

are especially iron,_ nickel, chrom um nol ggdenu_m The corrosive
_metals content in tHee fotalcpressyrayunderr which theireactipmds casriedhentrist gengrally

k h i [ . for . I I i
ppg\é\? pit ? at [ gnl,OE{ e§t8pth§*§ :aq u?sgh#ﬂ?%ﬁéggsug{& W%r%&%g@faﬁlggﬁ i-‘%’%ﬁ ﬁﬂgﬁﬁl gﬁf «lgéghange
resins. and preferablf 16w GhdrO8k daalDRIBY al(°PaC Thé pRAsREY ardlexprebdBRr at ure

bet ween 150 and _
15  absolute Pascals, and are measured in the hot, i. e. - under the conditions of

temperature of the reaction.

The reaction is carried out in apparatuses which are resistant to the
corrosion created by the medium. Thus, zirconium or even alloys of the
Hastelloy® C or B type are particularly convenient .under the conditions of

20  carrying out the reaction.

During the starting up of the reaction, thé various components are
introduced into an appropriate reactor, equipped with means of stirring in order to
ensure a good homogeneity of the reaction mixture. It 1s to be noted that if the
reactor comprises preferably a mechanical means of stxrnng the reaction mixture,

25 it is not excluded to operate without such means, 1t being possible for the
homogenisation of the mixture to be effected by the introduction of the carbon
monoxide into the reactor. | :

It is to be noted that the reaction may be oogiii:niently carried out in a
reactor of the piston type.

30 The combination of several reactors of the stin'iﬁg and piston types is of

course envisagable.



10 . 250[err]C. Mre particularly, the reaction tenperature is between 175
and 210[err]C " Preferably, it is between 175 and 200[err]C.

The total pressure under which the reaction is carried out is generally
greater ‘than at nospheric pressure. Mre rticularly, it is |ower than 100

10[err] Pa and preferably |lower than or equal to 50 . 10[err] Pa.
The pressures are expressed in 15 absol ute Pascals, and are neasured in
the hot, i. e. under the conditions of tenperature of the reaction.
The reaction is carfyeetbaplibn nfixfiP A AR YWl B! fedi&P it ny%ﬁrg J“?ﬁ
corrosion created by the nedium Thus, zirconiumor even allo o e _
Hastel | oy C cmarbet wperder ¢o peparite theaploductsof el sattiomadxtutehwhichnibtiblpns of
20 carrying out the reaction. During the starting up of the
reaction, the SPHINISHECHE ents are i ntroduced into an appropriate

react or, equl pped Wk tnfE2aRE i thedabd lof Calrfind" " thk Yeaction cdfibs: #°0¢

homogeneity of the reactlon m xture. t not e

react or cofipr icomsentiondle techniqua maghbai emplopehirfer afxample vihich t dvmsisgagh i on

m xture, 25 it is ,no% excluded to operate w thout such_ nmeans, it being
possi bl e for tefRanding thepixhre in & Way SR aso cause s partial vaperisstion of the lattety t he
I nt roduction ; . ' i . he . . It
is to be not egﬁlf‘ig? e@ﬁ{éﬁ)?g%gf |%arr1nérf€§ﬁ%gg§ ﬁ\%%ée%ﬂ@l grg%b?elrseﬁ;pg{lﬁmﬁg %
reactor of themixtueothet lupter. bdfig then introducethints @niepagitoron(kadws eised dlash
reactors of the stirring and piston types is of course envi sagabl e.

9 separgiQp)-  The. (OPETRtien xMaY ofake oplacky Wil ore praferablys withent dhe i n an
appropri ayg contrimpﬂl‘%fﬁ&tﬁ.réj.%dér%dﬁﬁgﬁé&%n%itfdﬁ?. products of the reaction
y conprise the catalyst.

m Xt ure whi ch notab 0 For this, and

in the case of car rAdconlimgito & hvariamtaett the rinvemtivh1the Ugdtsr, conterft in the purial i onal
techni que may be enpl oyed for exanpl e which consists. i expandi ng t he

mxture in a WAPORYUGR Zpge s ket far M yaporisedipat ab &t‘fab-}f’n@ﬁ at; Ieast| (13 %cby
weight with respect to the weight of this non-vaporised part. This can take place if
need be by injection of water in said partial vaporisation zone i.e. in the flash

15  separator.

The vaporised part which comprises the acetic acid and/or methyl acetate
produced may be placed in contact and washed in the upper part of the flash
separator by a liquid coming from purification installatiox_i downstream.

Upon leaving the flash separator, the non-vaporised part which notably

20 comprises the catalyst which has remained in solution, totally or partially, is
recycled advantageously to the reactor, conventionally by means of a pump.

The vaporised part which comprises the produced acetic acid and/or
‘methyl acetate is then sent into a purification zone which comprises, usually,
various distillation columns. |

25 According to a variant of the invention, a supplementary placing in contact
and washing may be carried out in the first distillation column with the aid of a
liquid coming from the purification installations. |

According to another variant of the invention, the reaction mixture, upon
leaving the reactor, may be directly expanded in the first_f-c]istillation column of the

30 purification zone.



Thi,s operation can be carried out using a valve which enabl es expandi ng the
mxture, the latter being then introduced into a separator (known as a
flash separator). The operation may take place with or preferably

wi t hout "t he 10 contribution of heat, i4ge. under adiabatic conditions.
According to a variant of the invention, the water content in the partial
vapori sation zone is kept for the vaporised part at a val ue of at |east

0. 5% by wei ght with respect to the weight of this non-vaporised part.
This can take pl aceyefvarious ﬂBﬁ/?%f%theﬂ il IR RS .pﬂﬁfi@zﬁioh”zoﬁ@'nﬁ?pgét' al
vaporisation zone i.e. In the flash 15 separator.™ e

vapori sed par treaycleditowandp theseactoror treatetl imdependéndpd/ or net hyl acetate

produced nay be pl gti(i‘gd in cqontact and vvasgﬁj in the upper part of the flash

separator by a |iquitg 28 #3d OF Byl 2retate abiained by this msthog s @b wificietm
Upon | eavi ng bl : z ' ] [ -ably 20
conprises t hetdggltngltggtg Sé‘;(V\II?H cflh%hg m?%ér%g?ﬁ]ng %/%Qggqoﬁtglﬂ%dr?% ﬁootpgk’%o%rgﬁﬁp&
partial |y, 5i s in the art andapekdylinabiec publigfeeddis| y t o t he reactor, conventionally
by neans of a punp . . The vaporised part. which conprises, the
produced acetic acilfcaiifpgyetion of .Cﬂfgﬂl, 0 eaFg"yi take | places drectiy, i the
purification j i . ~ AL JaokS. - &lie St d: aon
ol ums. 25 fony Ghlled BN rSETlink' SH, 0F the qon veptfcudiitid Kabiod, 3uitd
suppl errent ar y titathengathonc munagide is not adehasifisdi digectlyy tdweardsir thee@a@ial i n
the first distillati.on colu wth the aid of a Jdiquid com'ngg{rom
the purifi cat V8PPTSLPD Epng ¢ijhe reaction mixture. To this cgd the dntrosugtion plesaren i ant

O 1" oS 9 U o el R i ™

purificati on dowastream from the reaction mixture recycling pump. 10
The various flows of separated material in the purification zone nay be
recycled towards the reactor or treated independently. ~ The
acetic aci d ors mhile BAEhHBASnARAR ASAPRY of Mhe HRABH ASadl Sothd 6! 6t
presented. a
15
EXAMPLE

First of all, the catalytic solution is prepared as follows:
In an autoclave is introduced:

20 - 105 g of iridium iodide,
- 90 g of hydroiodic acid in 57% solution in water,

- 910 g of acetic acid.

The autoclave is then pressurised to 50 . 10° Pa"(SO bar) of carbon mon-
25 oxide.
The temperature is brought to 150°C.,
The duration of the reaction is 4 hours.
The autoclave is then depressurised and then the reaction medium is
cooled. ,
30 A red coloured solution is obtained which is decanted in order to obtain the

catalytic solution.



quality to be sold without purification other than those known to the
person skilled 5 "in the art and already in the public field.

The introducti on of carbon nonoxide may take place directly in the

reactor,” but also in the recycling zone gfj the non-vaporised |iquid
fraction, such that the carbon nonoxide is not degasified directly
towards the parti al vapori sation zone of the reaction mxture. To
this end, the introduction of carbon 10 nonoxi de according to this latter
possibility is m)rWé&ﬁ%aﬁ&ﬁ%aﬁ%ﬁs%grr%ﬂtoutasfollmg wnstream from the
reaction m xture recycling punp. concrete but non-limting

exanpl e of the i nvdatancmtictavedwHpeiellgy® B2)#8 introduced t@iiiibaly akblution of

EXAMPLE . . First of all, the catalytic solution is prepared as
fol | ows: iridium in 3cptie geigdy perparsdeas gbove; raseticc aeid, awthyl iodide, methylos g
of iridiumi O%ﬂﬁateandwate. - 90 g of hydroiodic acid in 57% sol ution

I n water, %10 g of acetic acid. The autocl ave
i s then préssurisedilieopafial cdBbermbndiidd pebshiae )is Oept Tohstant BN a vdlue opXi de.
The terrperaturedljf brought to 150[err]C. The duration of the
reaction i s 4 tholff $a (6 bar). The autocl ave is then depressurised and

t hen the reaction i ' ool.ed., 30 . _ ol our ed
solution is obtai nretgg V\tg{%hl%lssg r%lé%ogﬁlf%vdng Wea?%qnﬁ%; D%stl%r(ifﬂg )
catal ytic sol uti on.The temperature is kept at 190°C + 0.5°C. ' :

The composition of the reaction mixture under steady state conditions is

10  the following:

water: 0.20%

methyl acetate: 7.8%

methyl iodide: 12%

formic acid: 3.7%

methyl formate: 0.72%

the iridium concentration is: 3,080 ppm

acetic acid: made up to 100%

The composition of the reaction mixture, in wefght percent, given with a
15  precision in the order of 2%, is determined by measurement by vapour phase
chromatography.
The calculation of the rate of isomerisation is carried out on the liquid
resulting from the reactor, cooled to ambient temperature and, collected for a
period of time between 30 and 60 minutes with respect to the flows of the
20  compounds injected into the reactor during this same period, once the steady state
conditions have been obtained. '
A rate of isomerisation of 25 mol/b/1 in acetic acid formed is obtained, the

latter being in the form of acid and methyl acetate.



The i sonerisation reaction is carried out as foll ows: I n an
autoclave in Hastelloy[err] B2, is introduced continuously a solution of
iridiumin acetic acid, prepared as above, acetic acid, nethyl iodide,

met hyl ° formate and water. 5 12The partial carbon nonoxide
pressure is kept constant at a val ue of 6. 10[err] Pa (6 bar).

The total pressure upon leaving the reactor is 25 . 10[err] Pa (25 bar).
The tenperature is kept at 190[err]C + 0.5[err]C. The

conposi tion of the 1haplopBftio of thst tWBHeocels8 e fiBg: 339 bf 8¢ bial

the foll ow ng:
met hyl acet at eand 25% of methyl acetate. 7. 8% met hyl i odi de:
12% form c aci net hyl fornate:

; . 3. 7% ny
0. 72% the iri dﬁ?n?%lz (fOBPOPads dstected duringathe apalysis-of the reagtion mixguteq:
made up to 10034 methyl iodide, formic i€, b N iRy ' hdidr e in
wei ght percent, give% hﬁ%ﬁ’émT%: preci sf on |hﬂtﬁ%h%¢g§¥a§$&g%gg?ghéﬁﬂ
det er mi ned Sy agdsur enent by vapour phase chr omat ogr aphy.
The calculation of the rate of isonerisation is carried out on the lidquid
resulting fromthe reactor, cooled to anbient tenperature and, collected

for a period of tinme between 30 and 60 mnutes with respect to the
flows of the 20 conpounds injected into the reactor during this same
period, once the steady state condi tions have been obt ai ned.

A rate of isonerisation of 25 nol/h/l in acetic acid fornmed is obtained,
t he | atter being in the formof acid and nethyl acetate.



12 The proportion of these two products is tt] mmr M
75% of acetic acid* and 25% of nethyl acetate. TI Im Bﬁ'll””"l
conpounds. det ected during the analysis of the reaction mxtur®e

nmet hyl rao ;..formc acid, nethyl formatq, nethyl acetate, water and
acetic 5 13
CLAI M5~ ' 1. Method of preparing acetic acid and/ or nethyl
acetate by reactlon of met hyl formate, in the presence of water, a
solvent and a catalytic system 5 COFpIAMSY at | east one hal ogenat ed
pronoter and at |east one iridium base conpound, characterised in
that a partial- carbon nonoxide pressure is maintained between 0.1 .

10[ err] Pa and 25!. 10[err] Pa, and in_that an amount of methyl formate is
mai nt ai ned bel ow 20b6M§thagdiofmrengring 1asetic: acie japf/ormathyl cacetate by Yeaction op.

Vet hod accor di g0 sk i 1" BHeA5HE" dr5 Gtek Na { Dient "a" £3GIIAR. Liugar ! | e
out in maintaining a par on non € pressure greate or equal
to 0 55 c’b@i;ﬁrsidg Elaleaﬂr i halopsnatide pioniotérham at leaguahe tifidibe-based Pa.
compound characterised in that a partial carbon monoxide pressure is maintained
= "'_'betwe_:en 0.1 . 10° Pa and 25 . 10° Pa, and in that an amount of methyl formate is

E ﬁlaintéiined below 20% by weight of the reaction mixture.

E 10 - .. 2. Method according to claim 1, characterised in that the reaction is carried
7 out ixi maintaining a partial carbon monoxide pressure greater than or equal to

0.5 . 10° Pa, preferably greater than or equal to 10° Pa.

3. Method according to one of claims 1 to 2, characterised in that the
‘15 = reaction is carried out in maintaining a partial carbon monoxide pressure lower

.. thanor equal to 15 . 10° Pa, preferably lower than or equal to 10 . 10° Pa.

4. Method according to one of claims 1 to 3, characterised in that the
", reaction is carried out in maintaining an amount of methyl formate lower than
20 10% by weight of the reaction mixture, preferably lower than 5% by weight of the

* reaction mixture.

5 Method according to one of claims 1 to 4, characterised in that the

 reaction is carried out in maintaining an amount of water between 0 (excluded)

25 and 5% by weight of the reaction mixture, preferably bet§veen 0 (excluded) and
2% by weight of the reaction mixture.

6. Method according to one of claims 1 to 5, characterised in that the
reaction is carried out in maintaining an amount of halogenated promoter between
30 0.1 and 20% by weight of the reaction mixture, preferably between 1 and 15% by

"+ weight of the reaction mixture.



3. .Method according to one of clains 1 to 2, characterised i
reacti on |s carried out in maintaining a partial carbon m)ncmm I! Imllllll
Iovver "than or equal to 15. 10[err] Pa, preferably | ower*tfsantor ®eqsial+
.t0*10. 10[err] Pa. 4, I\/Ethﬂp according to ohe of clains 1 to
3, characterised in that the reaction is carried out in naintaining

an anount of nethyl formate fower than 20 10% by wei ght of the reaction

m xture, preferably |ower than 5% by wei ght of the reaction m xture.

5. Method according to one of clains 1 to 4, characterised in that the
reaction is carried out in maintaining an anount of water between O

(excluded) 25 and EMﬂlode:i@btdmg‘ td bge EaLdimert 6 B Ulizﬁ*actﬂis%ﬂeihaahhﬁ/tﬂéet ween
0 (excluded) and , 2% by weight of the reaction mxtu

6. Method accofaftRR isocasred gpt | Hherresence, of a solvgng Sthich Bse%Fl?%th frem thee
reaction is ca&lgﬂ 8%&*@%&% lﬂg?gmq@ cmﬂg{o&f hal ogenat ed pronoter
t

bet ween 30 y welg the reaction m xture, preferably
between 1 &nd 15% by wei ght of the reaction mxture. [err]
14 Met hod according to one of clains 1 to 6,

characterised in t h%rt Method according, id pas, of slaims (1 kg 7ogharacierised iprthatethee of a
sol vent whi ch feﬁctﬁﬁf ﬁ%ﬁﬁﬁdfoﬁpﬂltﬁpﬁrcsence of P F atGPIRRSY Hlafnt RGPSl OV N9 2

to 10 carbon ato
15% by weight of the reaction mixture, and preferably below 12% by weight of

the reaction mixture.
10 _
9. Method according to claim 8, characterised in that the formic acid

content is maintained below 10% by weight of the reaction mixture.

10. Method according to one of claims 7 to 9, characterised in that the
15 amount of free carboxylic acids present in the reaction mixture is greater than 25%
by weight of said mixture and such that the whole of the constituents of the

reaction mixture represents 100% by weight of the reaction mixture.

11. Method according to one of claims 1 to 10, characterised in that the

20  reaction is carried out in the presence of a co-solvent which is methyl acetate.

12. Method according to claim 11, characterised in that the wéight content

of the:co-solvent is lower than or equal to that of acetic acid.

25 13. Method according to one of claims 1 to 12, characterised in that the
reaction is carried out in the presence of a halogenated promoter selected from

iodinated compounds or a precursor of such compounds.

14. Method according to any one of the preceding claims, characterised in

30 that the reaction is carried out continuously.



5 8. Method according to one of clains 1 to 7, characterised in

that the reaction is carried out in the presence of formc acid at a
content maintai ned bel ow 15% by wei ght of the reaction m xture, and
preferably below 12% by wei ght of t reactiaon m xture. 10

9. Method accordi ng to claim38, characterised in tthat the formic acid
content is maintained bel ow 10% by wei ght of the reaction m xture.

10. Met hod according to one of clains 7 to 9, characterised in that the 15
anount of free carboxylic acids presegig reaction mxture is greater
than 25% - by weight of said m xture and Such that the whole of the
constituents of the reaction mxture represents 100% by wei ght of the
reaction m xture. - 11. Method according to one of clains 1 to
10, characterised in that the 20 PARDIESACETIQUES, i ed out in the presence
of a co-solvent which is nethyl acetate. 12. Met hod according
to claim1l, characterised in that the weight content of the

co-sol vent 5i s | owMETIiDDGIORQIEEPARHﬁGa&CETIG@EEHIAM)I@RMEﬁHYL 13.
Met hod according to o ,’i‘f alms 1 to 12  characterised in that t he
reaction is carried &E METHYE FORMARE ISOMERISATHN: er sel ect ed
from i odi nat ed corrpounds or a precursor of such conpounds.

14. Method according to any one of the preceding clains, characterised in

30 that the reactiAnmnéthod forrprephringtacetid)aéitd WABAE Ynethyl acetate by means of a

methyl formate isomerisation reaction is disclosed. The method is carried out in

10 the pré}senoe of methyl formate, water, a solvent and a éatalytic system including
at least one halogenated promoter and at least one in'di_ﬁm compound. According
to the;method, a partial carbon monoxide pressure of 0.1.10° Pa to 25.10° Pa is
maintained during the reaction, and the amount of methy'l formate is maintained at

less than 20 wt % based on the weight of the reaction medium.



