“NETHOD FOR PREPARI NG ACETI C ACI D AND/ OR METHYL ACETATE BY
| SOVERI SATI ON AND CARBONYLATI ON _ The obj ect of thé’QSr &9Bht
invention is the preparation of acetic acid and/or 5 nethyl aceiagte, .Qy
using-an isonerisation reaction and a carponyl ation reaction. %"ng’"q“w U
Vari-ous neans of access to . acetic acid are known and used industrially.
Anongst these is the carbonyl ation reaction of methanol. This carbonyl ation
reaction nmay notably be carried out in the |liquid phase, under the pressure
of car bopETHOB FOR PREFARING ACERC Amr&mfzmwggm&?ﬁce. of
a honogeneous 10 catal yti-c_system conpri sing a conpoun ased on rhodium.
and/ or i ri di unB¥XJ8OMERISATIONANRCARBONYDAFION Anot her means
of access is constituted by the isonerisation reaction of met hyl
formate in the presence of a catal yst based on rhodiumor iridium

The known iridi um CPebbi&® &f kirOpredent fiveMibd hfiorf 6 ddefiE aGi " er 15
a nitrogen atnosphere. Brit has i'n fact geen not ed t hat tﬁ{a ca€B§H a#g}r?gxi de
di d. not 5  mwethybacstate, by aisipgjan isomegisationrdaciion agé adarbonyjatidrereaetiont i on and
coul d even be the . cause aof a certain inhibition of, the isonerjsation
reaction, it favpurYﬂ&@i‘ﬂ?‘.‘? of acc‘?sﬁg‘&taf“’d'r‘?s?m frq ?Wfb‘élﬁi?ﬁe‘ﬂa‘fmikuch a
behaviour is eAinohgstVihelel isCHiENéarbdryatiol deaction of Wkiiiol, STHE X8Iv6R laYYGan the
catalytic systemis rhodi um-based, "in which case the 20 presente o

car bon nonoxi dsagtionemeay motably be caitied put gn tthe: liquidaphase; urder the presm®@éneous
phase. This iri dti)um cat a(h S d_-t%pe oé nmet hod y\,htgse intergs i S not

quest i oned herBPRBANGxIqe, which 13 one pf the Teagenis. i, the presence iof pihomogegous he
reaction 10 bkt dystetPadhpraess 4 Bohibdhd b b iRl g gL 1
fact, the reactioﬁﬁbr aytges 15 are gﬁlgél?ln tﬁéezp%nr e?fu(&)rﬂ@d?%x}‘x %‘#ggci d
and/ or ester podigatedgromater. It has been proposed, in order to

I nprove the results, of, t he: above- . nmentioned t.hod, ,tQ use the

i someri sation reactheTmeaNs of accesids cgpstiuted %(Xn'gg Isomerigatiop ggactipp, of

sul phoni ¢ aci dnéthpRfonfistetn R pRAeAcUrACRRNA DIRA bfi it bP fridiA P! ©-

Under the conditigﬁfs of thi_-.s_-_I-_]?ret hod, th%&éeact?onﬂ?(?lcarrli%cﬁgut usi ng
si gni fi cant arherknowar irdimin-gatalysedhigometisation niethods rare eatriedvbitcimdes

consequent .y al s.o used as .30 .splvent for the.reaction. |f this i.uprovenent
cont r ?but e1 yt & g?l}%mmhl? %}s 1{1&%& been noted thaf the carbon monoxide &H%ot

bring about any partlcular advantage during the reaction and could even be the

cause of a certain inhibition of the isomerisation reaction, it favouring side
reactions. It is to -Bé-_ﬁofed that such a behaviour is entirely different from that
which is observed when the catalytic system is rhodiux@-based, in which case the

20 presence of carbbn ‘monoxide is essential for keeping the metal in the
homogeneous phase. This iridium-catalysed type of method, whose interest is not
questioned here, does not have any real interest induéuially since the reaction
which is described_':tiig:r?iﬁ'is not sufficiently efficient. In fact, the reaction rates
‘are only in the ordé;_.’__o'f 2 mol/b/1 of acid and/or ester prb_i__iuced.

25 It has becnj'_..ﬁii'qpqsed, in order to improve the results of the above-
mentioned method, to use the isomerisation reaction m the presence of a strong
acid of the sulph?gig acid type, such as paratoluenesﬁiphonic acid for example.
Under the oonditioi_"l;.gfl_:____this method, the reaction is camed out using significant

amounts of methyl fo te to be isomerised, which is ;:jonsequcntly also used as

30  solvent for the rea(_;t__::igli' “this improvement contributes to the improvement of the




2 activity of the reaction, it does neverthel ess have the

di sadvant age of necessitating the use of a further conpound, which
does not sinplify the method. Further, it is possible that
thirs acid degrades under the conditions ofy the conposition of the
reaction nediumand its use. 5 n aimof the present invention is
to propose a nethod of preparation of acetic acid and/or nethyl
acetate in carrying out simultaneously an isomerisation reaction of

met hyl format eﬁ&%y%é | Cax{é?&)ﬂnt{% 'dBEs ﬁ éﬁg h?fre ﬁlerﬁ&gf&ttagw&gcessitaﬁng such

provi des a net as net exa

a net hod has tthemelmﬂmﬁﬁﬁﬁr oémpaindswhich dbhﬁndtlsmﬁﬁlif?ﬂidlﬁetﬁwdl tions 10  of
the isomerisation t hod or, even of that of carbonylation. In

fact, it is possibl Eufthsryitds pesele that thigackdegradesnnder the cenditions ofcet ai ns.

up to a few pe s1 JBhd A9 on AESE tanh?t ?é ed that the presence of this
al cohol ri Ilbout 1S CONTFibution to the production of acetic

aci d and/ or5the An annrofeh@predémgnmhen is foupropeseimetholl R pispatdtion dft y of
carrying out the isoneri atlon 15 of nmethyl formate may enabl e increasing
the capacity o?ceb‘ mgthy] acetate in capying| qui simyitageousts amisemerisation

car bonyl ation, g OF hékiiNeori th‘fd ol gﬂbé}@\fa&ﬁhnﬁg&fm of a *‘é?ng?ﬁn% iy for

i ncreasi ng t he pro uction Of car on -onoxi I'S one o

reagents enpl opmdldes)anidohﬂridiéultwomasmethanolforexam rthernore, and whet her
it be in one or the_other abgve cases, to brin about a diversification

of the reagents is $¥Fh-3imgthod as g gcﬂyapglgq\@ﬁsoigemng thgfyaetipningjeonditions
It is entifelYof REWNo EF:B Jnr]'ﬁéth f@?&eﬁ%ﬂlﬁf&f ?i atigh. conditions which are
e Lot ot on

not a priori favoura e carbo eaction takes place with

a good pr oduchn fact, jt.is %ssxbletouse conihaeﬁl mamybfd”tﬁrategﬂai that contaie by
the present invention which has therefore for object the preparatlon

of acetic aci d“l%lFRj? WlPélcﬁ‘}qo Jnethapol, angyit jscnoted that Hye presence pfthiscaleshobhi ch
prov de 101 gl S5kt A8 CnBNTAC e BRI o Sl g, b " >
syst em conpr i swgesﬂndnmeroﬂmﬂb&hmeﬂﬁt;ﬁdslmlmaﬁyﬁig%mkhd Radbrisafién
ridi um 15 of methyl formate may enable increasing the capacity of production of an
installation of methanol carbonylation, without taking on the high investments
necessary for increasing the production of carbon monoxide which is one of the
reagents employed for this reaction.
Furthermore, and whether it be in one or the other above cases, to bring
20 about a diversification of the reagents is an advantage which is well
understandable.
It is entirely remarkable that, despite ixnplemenfation conditions which are
not a priori favourable to it, the carbonylation reaction takes place with a good
productivity. _
25 These and other goals are met by the present invcﬁtion which has therefore
for object the preparation of acetic acid and/or metﬁyl acetate, by reaction of
reagents which provide formyl radicals and reagents which provide methyl
radicals, in the presence of carbon monoxide, water‘,;f..q'_ solvent and a catalytic
system comprising at least one halogenated promoterf'and at least one iridium-
30 Dbased oompound According to this method, a partial carbon monoxide pressure is
kept between 0.1 . 10° Pa and 25 . 10° Pa, and an amount of reagents which



3'0 based conpound. According to this nmethod, a par.tial car bon nonoxi de

préssure is kept between 0.1 10[err] Pa and 25 . 10[err] Pa, and an
anount of reagents which .

3 provi de the formyl radicals of sbel ow or equal to 20% by wei ght
of the reaction m xture, and the reagents which provide the nethyl
and fornyl radicals are fed in in a nolar ratio of nmethyl radicals to
the fornyl radicals of greater than 1. The above conditions

enabl e si mul t aBRR4E the F8FAV ASicaN o ' \ ' : e r
comng fromt hg fornyl radicals angtb?ﬁg} @‘g?‘ﬁ{%?‘fg{’?@# gFlgpﬁéf%ﬂe;tﬁgﬁ%ﬁ

radi cal s fed i mixture, and the reagentstwikiels pravidecthe nietisyh and forthyl fudidalieare g inary t o
what was asserted in the i O . ,art, that the presence of carbon
nonoxi de was eé%%ﬁl"?aélmrh%‘?{‘?ﬂéylir%‘ﬁ%lﬁ F%&Fif‘b‘ﬁ‘yl radicals Qf gregterthasy 1.t he ester in
the presence of iri ghe8bovtQonditi blefSibhhingl carbﬁ i de is
consuned and i ntervenes as rgaggﬁstena eFéﬁhl n teﬁgﬂf:ar' o%ﬁgt{tpg%og}e%gg (99.
Accordi ng td t httheestenoming fremehé firinyl aduicats, aridhthe cabbaylatiaf of the gadthyl

provi di ng the fﬁi‘%l radicals is kept at |ower than 20% by wei ght of the
reaction radicais fed in. 1 5 Furthernore, the ratio of the nethyl
radicals to the for fpPiasifeicE 'ﬁﬂﬁp t Al -nat ure of the
reaction(s) which areagarﬁcegée?)lut ﬂrbﬁzlglf %nga@@h\ggépﬂs'}gsé{ég ’#@% ;,51-? en
this ratio i s emuthat tthe presendeyoft tarbors mmombkitlatwasnessextial ifon thes isomiefisidnout
and this | eaves the ﬁ():]totgtext .of theeglres nt.. invention, whereas if this ratio
is greater reaction.of the egicr in the pres %%{‘F’Qé’ﬁ"on and ‘car bonyl ati on reactions
t ake pl aceyg 20 FurthermBRY. 15" idd % il all be
toser bea 10 ror of Eyyemmbt, uf¥ GRS mEpdhidd K cohindhr Mlerforsy B RSl

t her ef or e car r irctlie carbonylatidrerepotessence of a catal ytic system which

716 um baged compoffEprdide 1 e ScooRd {qRaratier St HRPY 9P ARBISEE of AFREeRt
i ri di um based conpotfit? _ f : i
represents onepvidinetedohyiiradBiS itfept glelog'gr thafi 309 ¥} Weight %@@ﬁ% ion

sel ected preferably from | odi nated co un al'ogenat ed
pronoter nmay bmixtaret he form of iodine, alone or in

15 Furthermore, the ratio of the methyl radicals to the formyl radicals enables
determining the nature of the reaction(s) which are carried out during the method.
In fact, when this ratio is equal to 1, only the isomerisation reaction is carried out
and this leaves the context of the present invention, whereas if this ratio is greater
than 1, both the isomerisation and carbonylation reactions take place.

20 For greater clarity, the catalytic system shall be described first of all.

The method of the invention is therefore carried out in the presence of a
catalytic system which comprises at least one halogenated promoter and at least
one iridium-based compound.

The halogenated promoter, which represents one of the constituents of the

25  catalytic system, is selected preferably from iodinated compounds.

The halogenated promoter may be in the- form of iodine, alone or in
combination with other elements such as for example hydrogen, a C,-C,, alkyl
radical, a C,-C,, acy radical, or even alkali metal iodides or metal iodides, such as
transition metal jodides, or iodides of metals of column IIA of the periodic

30 classification of the elements.



conmbi nation wth other elenents such as for exanple hydrogen, a
Cerr]-Cerr] alkyl radical, a (Jerr]-Cerr] acyl radical, or even

al kali netal iodides or netal iodides, such as . transition netal

i odi des, or iodides of netals of columm I)‘A of the periodic 30
classification of the el enents. _

4 It is to be noted that the hal ogenated pronoter nay be
constituted of a m xture of several of the above-mentioned pronoters.
The context of the pr | | lﬁﬂ%{ i Py aid
hal ogenat ed pr onot eIIrPslg ;f(ﬁﬂé intb %“\;e\'i:ﬂ%ﬂh&t@ he egatgc?&%%g?%l;ﬁagtﬂé %ng@@?‘ago&s; 5
Accordi ng to amjpxureiof séverdl pf thid\shovegenticned pesiaoteint of the invention, the
hal ogenated pronotef is selected fromijodine, hydroiodic acid, methyl

i odi de, al umi Heurtadiefdhe Present inveRtion; ﬁ@Yl nqtthei lefh inopreparingpsaidissi um
| odi de; these : gm -belng. . . S]] es. Preferably,
t he hal ogenat elgkzﬁeg?rtte)? r %lpgg[nkg}t#sﬁgega@é%@é%ﬁge%%%%l -type radical.

10 Bur t her mAecordihg tecarparticulady hdiaa@gemis@ethbodieat of theGentlun,ithg t he
reaction LS rmrg particylarly between 0.1 and. 20% by wei ght of the
reaction mi xt Jialogenated promates is selected frony igding rialldé‘ﬂo‘ﬁiﬁcﬂ%g drethplniodide, i s

bet ween 1 and AenYm Rt : .k he Is i T It
is to be noted that t\(l\@agﬁnbl?ﬁ{ogl lo bordg)%btl{etﬁﬁﬁlé(?dg%’e@%%g% 1gg1cele,glth\;8% as 15
an i ndi cat i on.compobnds beinghased aloneror ak imiktasts) Prefefably the helogehurd bend t he
opti mal conpyom se between, on the one hand, a maxi mal efficiency.of
thi s conpound,comprises igdineand 3 methyldyperradicall ef fect on the activity and the

stabilityaf the C"’anfh C L cal .

consi der atllgons | i nke ?%ﬁ?rﬁ’gtﬂggglt%u%tn‘ge{lsle(;ﬁ Il?al%&{ E@EOIE?}%% %u?&&qwﬁéea%oq hi s
conpound i n tHe methmaticuZdly between 0.1 dhd 20%C by dvediandthe Oeadtion Mmadtadeyt i C
system used i }gtege net hod .accor di ng to the rnvention is constituted

by at |east orfdcierablli, s balegemated premeter content is between 1ppd 6%y weight ofie

reaction accorgli ;Egc&%ﬁlﬂgmjenvent ion is nore particularly carried out

in the presence of a honpgeneous catalyst. In other words, this

signi fies that the It isitdibemotedshat theoamoumnsiof pronmtertthdicdted sboveram giveshs i S

soluble i rl '
5

an indication. In fact, the person skilled in the art has even to find the optimal

compromise betweén, on the one hand, a maximal effiéiency of this compound,

which has a Beneficial effect on the activity and the stability of the catalyst, and on

the other hand, economical considerations linked to the cost engaged in the

recycling of this ooxhpound in the method.

20 The second element of the catalytic system used in the method according
to the invention is constituted by at least one iridium-based compound.

First of all, the reaction according to the invei_ition is more particularly
carried out in the presence of a homogeneous catalfyst. In other words, this
signifies that the iridium-based compound is notably in 'a_ form which is soluble in

25  the reaction mixture. It is to be ndted that the prescnce' of a part of said iridium-
based compound in a non-dissolved form does not prese;it any major difficulty for
the implementation of the reaction.

All the iridium compounds which are soluble or able to be dissolved in the
reaction medium, under the conditions of irnplementatio:;;- of the invention, may be

30 used. As examples, and without intending to be limiiing, metallic iridium, its



+ 25 the reagtion mxture. It is to be noted that the presence of a part of
safd iridium based conmpound in a non-di ssol ved form does not present
any major difficulty for the inplenmentation of the reaction.

Al the iridium conmpounds which are solublse or able to be dissolved in the
reaction nedi um under the conditions of inplenentation of the invention,
may be 30 used. As exanples, and without intending to be limting,
metallic iridium its

5 Si NMginghle Haits , i | r 0 t es my
not ably be inﬁi)appr c%%r |t%{0(§ld|%§ ?e?e?%ﬁgﬁn@ﬁﬁftpgnc&?ﬁ% iln(r%eeé\dt?%mg B

As simple iri damm)paatcsntllﬂhmplementatmnbﬁthedmnaom conventional ly used The

hal t t | | e | b d di
the Tatter 5 bel g3 upale bt Rl the iiium haides afe samveriqraty ised. A or 1
Ird 3, Irl[errhaibkbeisthédt thdc{lﬁﬂﬁ]selected from! EHEbAR] B}Oﬁ%%&es%ﬂgect 4 &sed In

t he nmet hod accordl ng to t I nvention from
Ir err], 15[ ebeing| preferred-{Thus,) @mpgyunds usaich yasb &l deBe TeGif, | BL4EE0, I, in

t he net hod acc " Regarding the soluble
co- ordi nati on @‘?dﬁﬁ%?%?aﬁ“ﬁ%diﬂgﬁﬁWﬁ@deﬁﬁﬁ%&&thw eﬂg?rbh are most
commonly used are tmsgm@gﬂowﬁ@ﬂsmpl,&ﬁbeﬁ ?Eglmln e ng"emf‘“%}{ H%BOX' de,

or a carbon nonoxi de/ hal ogen conbi nati oh,’
from chl orine, lmihgm%h;otiﬁccmmgtpahetm&mtml y iodine. It is not neverthel ess

excl uded to uie s QJ %e IL,ri.di um conpl exes  whos lﬁn s are se| ected
from the organo- e ?ﬂl\ﬁl &8 Complexes, ghistd SAMPEWRSUNdS
for exanpl €9 1l&hich are m&ﬁ RRmY Nsdd AR th Q.JIEpﬁ g{]ﬁ artd
skilled in the art which are particu ve\ﬁllr}’gfr‘l3 f]ﬁ{rﬁ n

i npl emrent at i onmohoxide, ormmrhmomnoqueﬂmtqg(eﬁa)xﬁxbmailon, the halogeln(lﬁﬁ)g[setebieki[ err]

, 1r(CO b t d
@ thout " nt ent PO Qorie biompift by mofe gL BG4 & %9t payereless ereindsa
hydrogen, an Nglugy §Bl@bleQﬁdﬁnP Bémplexes wH QUigaffal J"se?@ét&fh%ﬂxe Qﬁ/djr ogen

or a hydrocarbon radical. ese catal ysts may |ned by
any net hod knophpspbomhmp@mds Iaedjmgano-mtrogem tmnmunds Tresamplee EP 657 386

and WO 95/ 14963 pat nts be ref to for [e aratlon of
i ridi umbased cat al g@‘%ﬁ‘ﬂ%‘?ﬁnﬁﬁf va ta;&ber Bﬁ?‘?nafl%n?‘g hich

are partxcularly convenient in the implementation of the invention, Ir4(C0),2,
Ir(CO),I,;” 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 radical.

20 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 feferred to for the
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

25 out with a catalytic system which comprises, besides iridium, one or more other
metals from Group VIII. More particularly, the reaction may be carried out with
an association of rhodium and iridium, or even an association of ruthenium and
iridium, or an association of rhenium and iridium, or evena catalytic system based

on any combination of these four metals.



I mpl enentation of the present invention. It is to be noted
that the reaction according to the irnvention may be .carried 25 out with a
catal ytic system which conprises, besides iridium one or nore other

metals from Goup VIII. Mre particularlyg the reaction nmay be carried out
W th an associ ation of rhodiumand iridium ‘or even an associ ation of
r ut heni um and iridium or an association of rheniumand iridium or
even a catalytic system based on any conbi nation of these four

met al s. _ If such a variant is adopted, the molar ratio of iridium ¢ Ghe qther

If such a variant is adopted, the nolar ratio of Iri 8| umto t%e ot%er

associ at ed et 2gsgciated rmetals is more (pastidujarlyebetween 1/100amsh #0/10 PleferBblgf détr bl v,
it is grgl%s'?r thgrl} 1/ 1. 7 : Generally, the total iridium
concentration ﬁg'aP ¢tion mediumis 5 between 0.1 and 100 mmol /|
preferably between Gemsally)StheM®tdl | iridium concentration A8 {h@Srea&fdh Ml "R

previously, the reaction is carried out by feeding-in reagents which
provi de fordry| between@l and 460 mmoali} ipreferdblydietween 1 and 25 mmol/l. <<Reagent s
providing fornyl ragicals >> refers to reagents.of.formula .HQ(O OR
in which fornula R egegﬂ'&CHEOHWSEQHSI&?@H%F“%_--.W oyt by, freding in
According to arep ﬂtﬂﬁﬁicg&)r@ﬁ@ﬁhﬂﬂl‘édﬁﬁlsraﬁ&rﬂeﬂig?%ﬁ&& nmethyl formate is
fed in, with the proviso that it is not of course excluded to feed in
formic acid or a  «Reagentst providifig £foimylaradicalst»errefers to reagents of Bgrnusda
reagents provigiagAet.hyl, .radi cals_>> reagents are defined of fornula
CHerr]-R, i nﬁﬁﬁg)c(??‘ﬁx”‘}‘%"p?m#ﬁ § T-CH%SGF- ygquegfgtwqr))w}hﬂ W) H.
Here agai mo 15Acédiing 6 aaitichlar efiboltimdt bf &2 iféition/¥BbmyPedrEhle i Ted 1 N0
in several reagents which = provide the above-nmentiOned net yf

radi cal s. with the provigo that dioisbrot raft eesirsehexclided ttb deeh ire fariicracidyor a
formate, the npl %c_ul% i trﬁd ced consists of both a nethyl radical
and a fornyl r R TR 20 PR ¥ ase, the nol ecul e ' conpri ses each one
of the two radical sBy 4Qeagents providing métifyl 2hdieald 9, 12 eﬂfétaﬁfdéﬁkfe% fiffridlg case
where the reaction i.)"s fq§ vvi¢_tph : éll?rret hyl e’t.hg%;;'_ CH err 8 e‘pfg], t he
nol ecul e i nt r oGHeRS inovhichstR represents 10H,ICH,, -OC(O)CH,, -OC(O)H. Here again,

15  the context of the invention shall not be left in feediné in several reagents which

provide the above-mentioned methyl radicals.

Itistobe n(jtcd that in the case of methyl formate, the molecule introduced
consists of both a methy! radical and a formyl radical'.'l; In this case, the molecule
comprises each one of the two radicals. |

20 It is also t_d be noted that, in the case where the reaction is fed with
dimethyl ether, CH370-CH3, the molecule introduced ‘consists of two methyl
radicals. _

"« Methyl andfonnyl radicals fed into the reaction» is understood as
meaning the methyl and formy! radicals consumed by thls reaction. Thus, recycled

25 methyl and formyl. radicals are not included if the method is carried out
continuously, or even the radicals remaining in the rea&ion medium at the end of
the reaction if it is cénducted discontinuously. o '_

As it has been mentioned before, the reacti;’{)n lscarned out by feeding in
the methyl and formyl radicals in a molar ratio whlch 1s_._:-.g.1_.reater than 1.

30 The value of tlus ratio enables fixing the reaétioﬁ?é}fwhich are carried out.



radi cal s. , << Methyl and fornyl radicals fed into the

reaction>> is understood as meani ng the nmethyl and fornyl radicals
consuned by this reaction. Thus, recycled 25 met hyl and fornyl radicals
are not included if the nmethod is carried -put - continuously, or even
the radicals remaining in the reaction mediumat the end of t he
reaction if it is conducted discontinuously. : As it has been
nmenti oned before, the reaction is carried out by feedlng in t he

nmet hyl and fornyl r e Gadtthdthi® rif] BE 51‘ t hi‘ edfel thathy felddes tlﬁr&ﬁﬁﬁfong B dutable> 0

The value of this ratio enables fixin e reactli ons wh ar e carrled out .
7 for thg lexisfeact oft both thetisemerisation deactipneant dre dakbsomylation nebetion.t he

condi ti ons favour abl for e ce. of hot e i.soperisation
reaction and the cai@ﬁr@?’éf e ?}ea’& 'nll?ylt Tadicals to R‘ P“‘Fﬂe"‘ﬁ%{; DAY (VAR of
the methyl radig@is drge libfis| R rfaaI/J thh@@b%tv?eeif‘%’an\ﬂafﬂﬂ Accordi ETIh@ﬁl

limts. It may thus be bet wee 100. Accordlngtoaprtlc
embodi nent &f embodimenttdfothe mmntmbowlm aloveroerdidned Imolar adticnis betvetmeden 1

(excl uded) and 20 The isonerisation reaction and
car bonyl ati on r(%’%?&ﬂ gﬁaﬁgﬁg&'&qw&d}o t he invention is car ri ed out i n
the presence of wat qhed86nérisafiby @8dction and carbonylatiofHe4ctidf’ 4d

- armount of water expressed by weight of the reaCtion 10 xtur varles

bet ween 0 (exclmmdwnmmnmomm/&ntpaﬂgmsifyvatm’andlasdnemm is bet ween
0 (excluded) and 29 be note that { he
wat er plays an i rrpoﬁao/fﬁtpa?%}ﬂt@ﬂiyﬂm? ﬁglngtqf(%ateq qupresse?i byrweight qfthereaction pat es

i n keepi ngighe ntigtudd, Yidriet Befweh 0 g%xltuggd %ﬁub r Léﬁlaktf}a%&ﬁsalg%&& %atefta .

vaporisation (flash) zone of the ich s Scri be .
al so 15  enabbetwveen Bi(exalgdedhands2 % dyrvesighti ons known for the nethods carried
| ti Regar.di ng the_ sol vent

out under i se. enICR USRS BhOR vt plgs aimpor SOoml T Beked.
OBt 157 R futpa o SREH ity e i
vaporisation (flash) zone of the mixture which shall be described later. It also
15 enables limiting the side-reactions known for the methods carried out under
anhydrous conditions.

Regarding the solvent, it may comprise one or more carboxylic acids as
well as other compounds designated co-solvents in the present text.

According to a particular embodiment of the present invention, the

20  carboxylic acid is selected from the aliphatic acids having from 2 to 10 carbon
atoms, preferably from 2 to 5 carbon atoms. A(_:cerding to a particularly
advantageous embodiment of the present invention, sald carboxylic acid is acetic
acid. The context of the present invention shall not be left in employing a mixture
of the above-mentioned acids. :

25 According to another possibility, the solvent m_éy further comprise formic
acid, which is nevertheless counted as a carboxylic acid. :

The context of the present invention would nc}t’ of course be left in using a
additional solvent (co-solvent) inert under the reaction é_:dnditions. As an example
of this type of solvent, esters, ethers, ketones, aniifdes, sulphoxides or even

30  hydrocarbons may be cited. The preferred co-solvént is the ester of the acid

produced, i. e. methyl acetate.



20 carboxylic.acid is selected fromthe aliphatic acids having from2 to

10¢ car bon atons, preferably from2 to 5 carbon atons. According to a
particularly advant ageous enbodi nent of the present invention, said
carboxylic acid is acetic acid. Thegcontext of the present invention
shall not be left in enploying a mxture of the above-nentioned
acids. 25 According to another possibility, the solvent may
further conprise formc acid, which is neverthel ess counted as a
carboxylic acid.  Thus, a particuldflf dﬂQﬁitﬁ’g‘éoquvahQﬂ of ﬁ&emvehﬁ&fw'@)hﬁ?ﬁs vgul d
not of course be left in using a ditional solvent (co-solvent)

i nert under t hesingaas |sotvenbmj|m1xtms oonqarsmgaxbmpml produoecbf optivnally the of
sol vent, esters eth ket hoxi des or even 30
hydrocar bons rERFeSRC %‘Eft &&M@Pg C%’Lé Afidi s the ester of the

aci d producedrhd am@unt"8f SotverRGREALE the reaction corresp onds to akhn up
8 Thus, a particularly advantageous va I ant o{n eg

i nvention (SonleQ%byWelghtofthqscawgpnauxmm vent, a nixture conprising the

aci d produced, optignall corres est er f the acid
produced, and fornit %48 \émore co-solvents are"’Fﬁg %ﬁ%bgﬁt abaxylicagid is ¢ he
reaction corr egpfigliy tg?ed@kmmmw of the coRBRRMY THES, (:)a'iltth@fcaée!1 3&&@%‘&0

m xture. one or nore co-solvents are enpl oye e anount
of carboxylic seivemt lssnethyl acefatep thervedight cgnteat afit isipmefetabhyt lowkr thae or equed| vent .
Thus, in the caig wger . the co- solvent is nethyl acetate, the weight
content of .t ?} " ower than or equal to that of acetic
acid. 10 10 ACCAEHEEg 16 @ pRAEAILE YrBbRERD OF TR invehtidd b the
amount of formc aC| d present in the reaction nediumis kept beI ow

15% by wei ght fotmichacid presentrindhe reaction medium isfkepf belaw! 15% bigewdightrofctheci d
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advant ageous  exthalilambelol 109E0PWEBRIVYE thOreabtidtEiixk@e, the amount of free
carboxylic acids present in the reaction mxture Is greater than 25%
by wei ght of said nfurthermorendcconding tthan sdvantagedus arfibadireent of the present
15  invention, the amount of free cérboxylic acids present in the reaction mixture is
greater than 25% by weight of said mixture and sech that the whole of the
constituents of the reaction mixture represents 100% by weight of the reaction
mixture. More particularly, the free carboxylic acids content is greater than 30%
by weight of the reéction mixture and preferably is greater than 40% by weight of
20  the reaction mixture. |
It is to be noted that the formic acid/methyl acetate molar ratio may be
different from 1 unc__ler the conditions of the reaction, i. e. greater than or lower
than this value. The reaction may obviously be carried out with a molar ratio equal
to 1. |
25 The method of the invention therefore consiste in maintaining a specific
partial carbon monoxide pressure and a specific concentration of reagent which
provides the formyl radicals during the reaction. _-
Thus, the partxal carbon monoxide pressure is kept between 0.1 . 10° Pa
and 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 of the reaction.



constituents of .the reaction m xture represents 100% by wei ght of the
reaction m xture. More particularly, the free carboxylic acids
content is greater than 30% by wei ght of the reaction m xture and
preferably is greater than 40% by weight gf 20 the.reaction m xture.

It is to be noted that the formc acid/ nethyl acetate nolar ratio may be
different from 1 under the conditions of the reaction, i. e. greater than
or | ower than this value. The reaction nmay obviously be carried out
with a nolar ratio ggésllin Jpart?c'ﬁ' : f _the.

I nvention therefore consi gttg ? rllIk?r%i nt al %fﬁglbgdg%?égfﬁggqhmgog’a?t Ia alcar-bon
nmonoxi de pr esseareommbnaxidpquressine isdrepeiat Oft | 40° Bh, ambprefirablipi gréater than

provi des the ff(ﬁgyl radi cal s during the reaction. Thus, the
partial carbon Roxi de pressure is kept between 0.1 . 10[err] Pa and
25 . 10[err] Pa. 3 ; RER ' S

Pascal s, and have %enpa%%lsclﬁbggﬁﬁo ﬁéﬁg%ﬁ&ﬁ@ﬁé&é@‘}%&? Eéeg’(.)jl?]agi tions
of the tender aMorepasticulany,itiadowerrthan 10 . 10° Pa.

9 ordi n . a nore particular enbodi nent of the

i nvention, a parti Q%en the g’&‘é&’ﬁﬁ%%ﬁ%ﬁ‘i’@i‘* B‘Ptgggﬂfﬁ% 1somepigaiion feachion and
10[err] Pa, an@aféiaficalla¥ioniERnBlicddBAk there is a ddllsnptior 3ft¥ gas ductot The
partial carbon nonoxide pressure iIs advantageously 3e?ow g . BTerr Pa.

5 More part icagbonylationi teaction, dhisr cansemptiéh is h8fessary tBacompensate for the When
the conditions are favo bl e both for the isonerisatjon reaction, and

that of car borSARSETVaRPD éﬂtﬁ? Qaﬁ%f% 'F‘H%QXI@%W?“F"SW&{”@(}H% abeyermentioned 1j s
gas due t oy hemanges requidddonyl ation reaction, this consunption is necessary
to.conpensate for tﬁ% conservation . of the partial carbon nonoxide
pressure within theltibovke notett thahihd cabon mzongeiie rcan be nsedl in the pure formor It i s

to be noted th t he carbon,nonoxi de can, be used in the pure formor
diluted in gas‘gb’tgc{]%gaégs Mr% TOgeR., HHhane, é’é‘?’ﬂ% (HQRIdEPIRRYPtheftyPe Of er _
type of £R%5usl 68 nfifogth OSBRI PréréABR), Garbbh HlonbRidk ¥vhiGR iLANedFpNOXI de

which is at |east
98% pure by volume is used.

15 Accordigg toa character_istic of the present invention, the content of the
reagent providing formyl radicals is kept below 20% by weight of the reaction
mixture. |

Preferably, the above-mentioned reagent content does not go over 10% by
weight of the reaction mixture. According to a particularly advantageous

20 embodiment of the. present invention, the above-mentioned reagent content does
not go over 5% by weight of the reaction mixture.

When the reaction is carried out continuously, the above-mentioned
characteristics are preferably kept constant throughout the reaction, but an
evolution of the partial carbon monoxide pressure is possible during the reaction,

25  insofar as it is always found within the above-mentioned range.

When the reaction is carried out discontinuouély, the amount of reagent
which provides the formyl radicals is kept below the values indicated although
going down, since said reagent is consumed by the reaction. As for the partial
.carbon monoxide pressure, it may or may not be kept constant, provided that it is

30 found within the range of above-mentioned values.



98% pure by.volune is used. 15 According to a characteristic of the
present invention, the content of the reagent providing fornyl
radicals is kept bel ow 20% by wei ght of the reaction m Xt ure.
Preferably, the above-nentioned reagent ci)(?tent ‘does. not go over 10% by

wei ght of the reaction m xture. According to a particularly advantageous 20
enbodi nent of the present invention, the above-nentioned reagent content
does not go over 5% by wei ght of the reaction m xture. :
When the reaction i fed : ' - i
characteristics ar e%?%‘iecpgﬂll%%%eg?%g%gtg g?\’iuyta h%ggﬁlﬁ%iﬁ?ﬁ ﬁg@%egggjslﬂoa&d but

an evol uRS@C. d¥otehpartieulsrly | the aedetion nEmpatatdee B3 ieswedre 175 ap@ 2300t
during the reag}#on 2p. insofar as it [s always found within the
above- nent i one§TSEIABY, it is between 175 and ZRQiC.t he reaction is carried out

POy SMouSLY. | heme L breturt YREE vbich the hldnll WkAPOLR [ty

radi cals is kept below the values 1 ndicat goi ng
sai d reageni i greatenthameatmbsphetie pressure.i More pastidubarlyt, tds fewdrithdn 100 . 105@abon
nonoxi de press constant, provided that it is

' k
30 found wi t REIf Pﬁgﬁﬁé‘é‘%ﬁﬁgﬁ@% i 5@%@1’ Raa I pressures are expressed in
. \ e |
10 gbsoluté_ %iéﬁgérn?f%g' %B&ﬁfé‘ﬂr?{ kne P(S’tr 1 €9 uRidr ik @n@ﬁi&? rgture

bet ween 150 an re particulatly,” the'reac
t enper at ur e i stenrpevatene of The rasdiod 10 err ] C. Preferably, it is between

175 and 200[err]C. ) . .. The total pressure under which the reaction
is carried out is gCherismssisation a@&&!’l&nﬂaﬁ% 52698 pbring the rabiect; of  thebr e
particul ar{gy, idves Errbailr%? r y ol ower
t han or eqt(yal {ﬂge%%gd %glféefﬁai; Pa. 0eu ! %I? Eehgé;ﬁérsgg&a?fea x5 S?fg’gé’g%ﬁug g{;ﬂgﬁt of

absol ut e Pascalower st 2000 ppna Sikeedrrosivé metallwdre especially ivofl eickdlechesiiitin,i ons
of terrperaiy r.e of thqe] reactjon, .The isonerisation and
car bonyl ati on TEOCFYHHER @Ppﬂ%a&iybf’é‘iﬁm‘ﬁ?- The cprrosive,vaetals ospntent jnether apl y

carried out ingdBg, PDERESERGE ity i C, Mad 3 wer
t han 2, 000 pprrf b}tﬁoe cor?ljcg)s?ve rtré{l%fg g%eﬁ‘gtgg%%l?{éﬁ%‘iﬂyﬁﬁpgﬁémﬁé élf%lé?d chfl? om-um
_ art, such as for example, selective precipitation, liquid extraction, passing through
15 ion exchange resins.
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
carrying out the reaction.

20 During the starting up of the reaction, the 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 is to be noted that if the

- reactor comprises preferably a mechanical means of st_iﬁing the reaction mixture,
it is not excluded to operate without such means,“_-_'i't_ being possible for the

25  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 oonVéniently carried out in a
reactor of the piston type. o
The combination of several reactors of the Stirring and piston types is of

30  course envisagable.



nol ybdenum , and .optionally zirconium The corrosive nmetals content in the
reaction mxture is maintained by the nethods known to the person skilled
in the art, such as for exanple, selective precipitation, liquid
extraction, passing through 15 ion exchafge resins. The
reaction is carried out in apparatuses which are resistant to the

corrosion created by the nedium Thus, zirconiumor even alloys of the
Hastel loy[err] C or B type are particularly convenient under the conditions

: _ . o n orti ‘
0 carrying opfie fnft8duceia 'of @akbor honoxide can Itarl]ctpg%dgg ggéafy RUAE tdadfbrUP ©

the reaction, the various conponents are I'nto an

appropri ate r ewhberein, thequeactiond acdordingearthe dhvertionr takes place)r bur als® in the
ensure a good ho eneity.of t. reacti I xture. It is to be noted that
if the r%ﬁ%ﬂ@%ﬁ%ﬂ%&n&&ﬁéﬁﬁ?& Ch®%hani cal means of stirring
the reaction m Xt Urphe reaction thixtute Nedvife the! 9&fidrO; t ot h
means, it being possible for the c25 hom)'geﬁélétsatllso'-{r%ga(r)?[f ?%gnmg%h?éﬁgo be
ef fected by t Hpanner o duder ito seprrate the prodocts of the reactiom miixtere whicht dutablgact or .
It is to be noted that the reaction may be conveniently carried out in a
5 e .

reactor of the™oBR The conbi nation of several

reactors of the stipdri thgs, 308 iR e Vasd 0P ERriyheCbut3fhe  reGHHnS apl e.
The introduction of carbon nonoxide can ta egp{)%ceedrler ect 5"’?%“%’ ’r%actor

wher ei n t he r ecopvensionak deshniqug mayt he émpleped dor texlamplep|voltich domsisesl 30 i n

t he recycling zgne which wll be described further aqn.
The reaction rﬁx?ﬂfﬁ’ég ﬂlfdy'xr?&et‘%é WY 0; 35,10 jcause vaponisation of ther lattere 5

manner i n 197 derhié Bp&@RoH Al driciCoul e Gl Vol whidh chBAE! bHinding th il
not abl y conpri se the catal yst. _ -or I's, ~and 1n the case
of carrying ouhe ldtter being theprintrodiced inta alsgparator (knowncasravitashisepeshtor)eTheli que

may be enpl oyed for exanple.which.consists. in .. expanding the m xture
in a way so asDPF{??‘ead’?&’r‘@ﬂﬁﬁﬁf & migtrs ey, take place withor preferably without the, s
operation i's caiibatioRut hektjing wRdiHdkBaiblGHAIERED! €S expanding the mixture,

According to a variant of the invention, the water content in the partial

15  vaporisation zone is kept at a value of at least 0.5% by weight with respect to the
non-vaporised part. This can take place if need be by injection of water in said
partial vaporisation zone, i. e. in the flash separator.

The vaporised part which comprises, amongst others, the produced acetic
acid and/or methyl acetate may be placed in contact and washed in the upper part

20 of the flash sepafator by a liquid coming ﬁom purification installations
downstream. . _

Upon leaving the flash separator, the non-vaporised part which notably
comprises the catalyst which has remained in solution, totally or partially, is
recycled advantageously to the reactor, conventionally by means of a pump.

25 The vaporised part which further comprises the produced acetic acid
and/or methyl acetate is then sent into a puriﬁcatior__i_ione which comprises,
usually, various distillation columns.

According to a variant of the invention, a suppleﬁientary placing in contact
and washing may be carried out in the first distillation column with the aid of a

30 liquid coming from the purification installations.



the latter being then introduced into a separator (known as a fl ash
separator). The operation of expanding the m xture may take pl ace
with or preferably w thout the contribution of heat, i. e. under
adi abatic conditions. Accor d'g?g to a variant of the invention,
the water content in the partial 15 vapori sation zone is kept at a val ue
of at least 0.5% by weight with respect to the . - non-vaporised part.
This can take place if need be by injectiron of water in said parti al

vaporisation zone, i 4N, { [ . . The vapori sed
part which conpri sesﬁccgrr%ﬂ i} Q@ﬁ%?&ﬁ@ﬁ%%‘ﬁ? SAtap- She,feagtion mlx_{mﬁtm&’hnd/ or

net hyl acet at e leavingthe pdagtor,dnaynbe dirdotly texpatdedasihe dirst @istiliatiod 8simB Y the? O
of the flash separator by a liquid comng from purification installations

downst r eam purniication Zongyyon | eavi ng the flash separator, the

- i sed t ' . ' e yst which has
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advant ageou$| y réayclell@gowards therreactaror eehted irilebondeptlyreans of a punp. . 25
The vaporised part which further conﬁri ses the produced acetic acid
Y

and/ or methyl acet atlde iageti"r%i*f_i Semethyh aeetate ohtaineddun thisrmetbad isvaf sufficient
AoCor i ng' to o Tl bt oia o urfcalion ot i (3 BSim o the persop sifled ¢ act

and washi ng nmayn the acteandiabrdadyLin thepublie ffeld.st di stillation colum with the
—aid of a 30 quuidl_gonj ng. fromthe purification installations.
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The various fl tws the abenatmtoxidé eisi abt idbghéiﬁewtdifd‘cﬂyafd\ﬁ?dgqn@ paMalbe 5
recycled towards the reactor or treated in epen_dentlééé_ . The
acetic acid or VARATISgtion;zoneaf the, ragtionomixtyre; ho shisrendhdbe introductiomf ofi carbomt
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downstream from the reaction mixture recycling pump.

15 According to another variant of the invention, and with the aim of
minimising the losses in carbon monoxide, the reaction mixture leaving the
reactor in which the reaction according to the invention takes place, is introduced,
before the partial vaporisation step, in a supplementary reactor. The result of this
supplementary step is to consume the carbon monoxide dissolved in said reaction

20  mixture in order to give the acid desired. From this, the losses in carbon monoxide
during the partial vaporisation of the mixture are considerably limited.

The method of the invention, such as has been p}eviously described and in
all its variants, is most particularly applied to the prepatation of acetic acid and/or
methyl acetate from mixtures of methyl formate and methanol and, this,

25  independent of the relative proportions of these two reagents.

Thus, the invention also relates to a method of preparation of acetic acid
and/or methyl acetate by the reaction of methanol and methyl formate, in the
presence of water, carbon monoxide, a solvent and a _cé_talytic system comprising
at least one halogenated promoter and at least one :ii::ridiﬁm-based compound,

30 characterised in that a partial carbon monoxide pressure is kept between



The introduction of carbon nonoxide nmay take place directly in the 10
reactor, but also in the recycling zone of the non-vaporised liquid
fraction, such that the carbon nonoxide is not degasified directly
towards the parti al vaporisation zopg of the reaction mxture. To
this end, the introduction of carbon nonoxi de according to this

| atter possibility is nore particularly carried out downstream from
the reaction m xture recycling punp. 15 Accordi ng to anot her vari ant
of the inventign,, \ heosay | 4F bR y g.ocarbon
nonoxi de, the rggaclt@r]g?\\yrlﬁa%r gos?%%pviﬁggant ﬁgoux{f‘d’f H%tgggg)# &ni’%ﬁ‘?g@‘% h%g
reacti on accor weight obthemeaction enigturen t akes pl ace, is introduced,

before the partial vaporjsation ste in suppl enentary reactor., The
JH? ot @ﬁlhwgf%afeéﬁg's mpthanpbmay vary Wit éxi de

result of this suppPreRORPLIoYs

di ssol ved i n s@kl BafRCianpd Gk | %t ' r i ' i red.
Fromthis, the Ilgsgfags% %ahgga%ﬁaur?ﬁﬁotg?gg Futfd 6’19513“ ng %éﬁ%&gg??%?naﬁﬁ
vapori sat i ch oformate reagentwil be chasembétweera® DY ahd 100 @ucluded). The

nmet hod of the invention. such.as h een previously described gnd in

all its variants, i%““”u’é‘{ngp@r f‘i’%m“'ﬁ?‘{; tﬁf)ﬁ%cﬁﬂnt%s?ﬁ’empfcwea‘?qe nfotheacet i c

aci d and/ or follo Way: acetate fromm xtures of nethyl formate and
met hanol and, this, 25 " independent of the relative proportions of these

two reagents. -- the reagentSlatesiethjformatemethanal lasd carbbmmenotide;a nmet hod of
preparation of acetig acid .. and/ or nethyl .acetate by the reaction of
nmet hanol and net hyl~ r?‘?é*ﬂ%?c $y5ten}, gomprises “ﬂﬂ\g‘gé%Eé°lB$le rand @p Jegsf;pne

monoxi de, R Sobl\bﬁi&ergﬁtﬂraﬁtagé’&ﬁgﬁx&ﬁ Bigdigem conpri si ng at | east one
hal ogenat ed pronoter and at | east o%e I ridi umbased conmpound, 30

characterised in thawatgrparti al carbon nonoxi de pressure is kept between

13 0.1 . 10Lerr] Pa and.25 . 10[err] Pa, and .an anmount of nethyl
formate bel ow 20% b'y{he solvenagqrﬁmsegpcetqqélchg 168 lﬂiggplﬁr&gz_mtageously a co-

The proporti ongol¢dnt eyl ack@fdrat € and met hanol may vary within a very
| arge range. CGenerally,” a weight ratio of nethanol reagent to the nethyl 5

formate reagent w | Actsading¢sea prefiertedeeabodiednt afithe Idhdd atoivednethyl formate
pecording 4t Bl Pl bre SMinbGiRh fod TS YT eattor equibped ith Sronmof stfivg
Carbon monoxide of at least 98% purity is injected into the reactor in an
adequate amount.
The temperature is advantageously kept at a value between 175°C and
200°C. |
20 The pressure is advantageously kept at a value between 20 and 30 absolute
bars.
A gaseous flow is continuously extracted from the head of the reactor in
order to maintain the partial carbon monoxide pressure at a value between 1 and
10 bars. It is treated and ridded of gaseous by-products of the reaction in a
25 conventional section of treatment of gaseoﬁs vents.
The reaction mixture leaving the reactor is expanded in a flash separator.
The non-vaporised part is recycled to the reactor by means of a pump. The
vaporised part is sent into a purification zone which comprises various distillation
columns.
. 30 The liquid flows originating from various purification zones and from the

treatment of the gaseous vents and which comprise acetic acid, water, methanol,



fol | ow ng way: . - the reagents are nethyl formate, nethanol and

car bon nonoxi de; - the catalytic systemconprises iridiumin a
soluble form and at |east one 10 pronoter, advantageously nethyl: i odide;
- water, - the solvent conprygses acetic acid, formc acid and
advant ageously a co- sol vent, nethyl acetate. Accordi ng

to a preferred enbodi ment of the nethod above, nethyl formate 15 and

nmet hanol are continuously fed into a reactor equipped wth neans of
stirring. methP'l formate2 RAty] ToAaNE! Hfdisth cAtalysPasd it Promotes méthy? iddiaect ed
into the reactor n an adequat e anount . _ The "t enperature
i s advant ageouaid/fokmictacil ara comiengoraily wecycled TG ads {he reactbr. 200[err]C. 20

The pressure is advantageous)y kept, at a val ue between, 20, and 30 ahsol ute
bars. i, oS vt s iysn o, bl Speteieer o B PROddRTS: B hoad
of the reaCtOf;\:/xjiﬂbLiPalby- rGHdR mAyPbd Biel R ilfbskiAGor?ar ti al carbon nonoxi de

al ue be d 10 b

pressure at a between 1 an ars. It is treated and ridded
of gaseous Sy- pr oducgaseais: methane &atbon dicxidezand hydrogemvent i onal secti on of
treat ment of gaseous velnts The reaction m xture |eaving the

reactor is expanded 909 lguids;propiogicacid. o, The non-vaporiséd part is
| 3ROreifbived’ S

recycled to the re F bPYoroRRARSMAY bR derEBted S .
sent into a purifi gﬁaon%%ne whi 2*1 cog%pri sees vgﬁuoﬂlgogl stgﬁ I"at.1ron -
col ums. 30  according toTthe methpds #néwo e therperson akilled iff therartviarthoprarification

purification zones and fromthe treatment of the gaseous vents and
whi ch conprise®@etic acid, water, nethanol, L

14 1gret byl | PhdRefle adll pRiuo@fR of hality, Whith {ShERLRAYRE it30 He SIIA.
pronot er net hyl iod’iﬂciie, ca gnd or m chac}% are conventiohela'l‘ly?r ecycl ed

t owards t he react orThe ratio of starting hpatexals ddeding \the reavtdrecan weryaiml langey
generates few gl%i)grrti%gg.cﬁds, g}efeeding the reactor with methyl formate of commercial
quality which contains a few percent methanol, the consumption of .-'car_bon
monoxide is low. _ |
15 _ The acetic acid is produced principally by the isomerisation of methyl
formate and in to a lesser extent by the carbonylation of methanol.

Another case of figure is to ensure a production supplement to a reaction
system which consumes principally methanol and carbon mdqoxide. The
contribution of methyl formate enables ensuring a diversification of the'. Staning

20 materials and generates an additional amount of acetic acid produced.

The weight ratio of methanol feeding the reactor to thé Emethyl formate
feeding the reactor can vary from 0.01 to 100. |

Thus, this ratio is defined in terms of methanol reagent w1th respect to
methyl formate reagent in the present text.

25 Concrete but non-limiting examples of the invention are ﬁow going to be

presented.



pr|n0|pal by-products may be cited as illustration: 5 : - gaseous:
met hane, carbon dioxi de and hydrogen; -- and Iqu|ds “propionic
aci d. Ot her by-products may be generated in small anmpbunts and
are renoved according to the nmethodsjsknown to the person skilled in
the art in the purification zone. 10 The acetic acid produced
is of quality which is sufficient for it to be sold. : The ratio
of starting materials feeding the reactor can vary in |arge-

proportions. TERXAMPIEfeedi ng the reactor with nethyl formate of commercia
quality which contains a few percent nethanol, the consunption of carbon

nonoxi de is |ow 15 The acetic acid is produced principally by the
i sonerisation pf mathl forrrate an.dlntoal_ extent by the

car bonyl ati on TP EYaRaReLa : Bk *‘ to ensure
a production suppl eﬁ?d?bfﬁl@ tﬁeéﬁﬁﬁﬁéﬁﬁlutlonls ﬁ-éﬁfeﬁ difh; COnsunes
principally methanol and car bon nonoxi d contrlbutlon of nmet hyl

formate enabl es enshlranragmlwﬂm:ldumdil on of the starti ng 20 materi al s
and generates an addwél ‘Eﬁ{} armu of acetic acid produced. :
The wei ght ratio of & fl g the reactor to the nethyl formate

feeding the reactor. ggago dx‘oﬁ&@%ﬂxﬁ%ﬂ‘%oﬁﬂﬁnmwater, Thus, this
ratio is defined in ternms "of nethanol reagent wth reespect to nmet hyl
formate reagent in -tQi@gﬁfwelnnadltbxt 25 Concrete but non-limting
exanples of the in ar e, now 0 b resented. .

15 EXAMPL i auibcive is then O1Es Sé‘gﬁ‘? 1 hale a%&‘?ﬂaal phearbemmonon

wi t.hout reagycldxgge. of the catal yst First of all, the catalytic

solution is prepared as follows:
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.
15 A red coloured solution is obtained which is decanted in order to obtain the
catalytic solution. |
In an autoclave in Has.telloy‘D B2, is introduced continuously a solution of
iridium in acetic acid, prepared as above, acetic acid, methyl iodide, methyl
formate, methanol and water. _
20 The molar ratio of the methyl radicals fed in to the formyl radicals fed in is
2.4,

The composition of the reaction mixture under steady state conditions is

the following:



5 . In an autoclave is introduced: | -105 g of iridium

I odi de, - 90 g of hydroiodic acid in 57% soI ut Fon i.n-water,
- 910 g of acetic acid. The autocl ave is then pressurl sed to
50 . 10[err] Pa (50 bar) of carbon non- 18 oxi de. The
tenperature is brought to 150[err]C. The duration of the
reaction is 4 hours. The autoclave is then depressurised and
then the reaction mediumis cooled. 15 A red col oured
solution is obtained which is decanted in order to obtain the
catal ytic solution. : In an autoclave in Hastelloy[err] B2, is
i ntroduced congatetdously a sol ution of 1.13%i diumin acetic acid,
prepared as above, acetic acid, nethyl i od| de, nmethyl f or mat e,
met hanol and \iBEt8yl acetpte: The mol ar?x8%i o0 of the methyl radicals fed
into the fornylutpdifgal s fed inis 3 The conposition
of the reaction xture under steady state condl tions is the
fol |l owi ng: formic acid: _ 13.0% 16
wat er : 1.13% met hyl acetate:
25. 8% metmethy} foamafe: 17.7% 7.3% formc acid: -
13. 0% 4y mat e: 17. 7% met hanol :
0.29% acelgl ca%m d: 0-29% made up to 100%

acetic acid: made up to 100%

the iridium concentration is: 3,080 ppm

The partial carbon monoxide pressure is kept constant at a value of 10° Pa
(1 bar).

The total pressure upon leaving the reactor is 25 . 10° Pa (25 bar).

5 The temperature is kept at 190°C + 0.5°C.

The composition of the reaction mixture, in weight percent, given with a
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

10  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
compounds injected into the reactor during this same period, once the steady state
conditions have been obtained.

The calculation of the rate of carbonylation is done following the gaseous

15  evaluation on the consumed carbon monoxide.

A rate of isomerisation of 8 mol/h/1 in acetic acid formed is obtainéd, and a

rate of carbonylation of 11 mol/h/l in acetic acid formed. The acetic acid being in

the form of acetic acid and methyl acetate.



the iridiumconcentration is: 3,080 ppm The parti al

car bon nonoxi de pressure is kept constant at a val ue of 10[err] Pa: - (1
bar) . The total pressure upon |eaving the reactor i's 25.
10[err] Pa (25 bar). 5 The tenppjature is kept at 190[err]C [err]
0.5[err]C The conposition of the reaction mxture, in weight
percent, given with a precision in the order of 2% is determ ned by
measur enent by vapour phase chromat ogr aphy. The.

cal cul ation of gxvppE® of isonerisation is carried out on the liquid 10
resul ting fromthe reactor cool ed to anbl ent terrperature and coI | ected for

a » NG 1IN 5 il X Ll K pl \M 1 L) Lag V3 A.A 3!
of the conpounds |nJected into the reactor durlng this sane peri od,
once the steady state condi tions have been obt ai ned. The

cal cul ation of the gate, éclg‘eer m{&%g@gglcanmg&%&&%%ﬁae eous 15

eval uation on the consunmed carbon non

i sonerisati®n e fhethold/ ddstribedl &C ExidplecC 1,0 tHeovarils | confpjohents &, th@ﬁ@aétxon /
rate of carbonylation of 11 nol/h/l 1n acetic acid fornmed. The acetic acid

being in mieureareinjected eontinugusly; : acetic esidnmethyl rmate, methanol, methyl
17 EX@&%
reaction with recycl ‘?‘ﬁ‘é‘y%f“t“#]“z%gg[ ﬁ@ﬁ%}f}nwﬁt%?cfﬂeoﬂo&é tlé]alvm%aﬁlo n%?‘%%‘% g’%’e in

Hast el | oy[ er r] didéctebirtaianie whireinys tﬁd@ﬁ&p%ﬁﬂdmﬁgﬂfeddd&ﬁc a@id Produddaeismet hod
descri bed i n Exanp] e 1, the vari ous conponents of the reaction -

m xture are |n]"§2,°€’é -cEhet Renuvaporised fraetiancocontdining the ngtalystoxsmcss:ledrm thenol ,
met hyl E:l%} %e%bgﬂéed'f&gh&?is BREERS LYY pregeanvatB ilqulg Ll

| eavi ng the reac
The composition of the reaction mixture under steady state conditions,

determined by measurement, by vapour phase chromatography, of a sample taken

from the reaction medium, expressed in weight percent, is the following:

water: 1.25%

methanol 0.15%

methyl acetate: 18.3%

methyl iodide: ' 9.7%

formic acid: 5.9%

methyl formate: 3.0%

acetic acid: made up to 100%

;he iridium concentration is: 2,180 ppm ‘
15 The temperature is kept at 190°C +/- 0.5°C.

The total pressure of the reaction is kept at 2.4 MPa +/- 20kPa (24 bar).
The partial carbon monoxide pressure is kept constant at a value of
1.05 MPa (10.5 bar); the purity of the CO used is greater than 99%.
The calculation of the rate of acetic acid formation by both the reactions of
20 isomerisation of methyl formate and carbonylation of methanol is carried out

using -an evaluation of the liquid effluents from the vaporisation zone collected



directed into a. zone wherein a fraction containi ng the acet:ic .acid produced
is - vapori sed. The non-vaporised fraction containing the catalyst is
recycled to the 10 reactor. The vaporised fraction is condensed and
represents the liquid effluents. The conposition of the

reaction m xture under steady state condi §| ons, determ ned by

nmeasur enment, by vapour phase chronmat ography, of a sanpl e taken from
the reaction medi um expressed in weight percent, is the follow ng:

\S?ELEEA; duﬁng a given period (between 2 and 44mtlts), with r%oﬂhe flow of thﬁ

i odi de: compounds injected. in%he same time rlapse,amml steady state condmons have

5.9% . cetic. acid:

made up to 1ogsn reachelk i calcaletign of theotas: of Fasbomplation is Aone gallqRine the 15
The t enperat ur, K& : The tot al
pressure of t#‘sSérog?actl oargﬁﬁgﬁag%%g%%% ’i\gaé{ﬁ{h%(gk% (24 bar). '

The partiab car bon Amrsomeﬂsatpnaratewfel 2 sndlhpi” @ acdtizrdcidaformed d$ obtairfed,

1.05 MPa (10.5 t he urlt of th Qiqusedls reater_than 99%.

The cal cul ati 3R GPafbHBYlPB nf“G?‘]‘Fﬁ?ﬁ‘ medpHhepcetigadiditt i ons
of 20 'Soner'lﬁﬁ{e'fﬁﬁnﬂfa&%%ﬂhaﬁﬁf':ﬂ%ﬁ %e.car bonyl atl on of nethanol is
carried out usi ng an eval uation e quuid effluents fromthe
vapori sati on zone Qdbknesldredtio of the methyl radlcals fed in to the formy! radicals fed in is

18 dur,i ng a given period (between 2 and 4 hours), wth respect to
the flow of tHé&L '

10




e e et The cal curat 1 on.of “the 1at e o séilﬂllﬁilllﬂlllﬂﬁilll |||l

done follow ng the gaseous eval uation on the carbon rmondxi 4 s
consuned. 5 An isonerisation rgie of 1.2 nol.h[err]. 1[err] in
acetic acid forned is. obtained, and a carbonyl ation rate of 15.7

nmol . h[err].l[err] in acetic acid forned. The acetic acid is in the
formof acetic acid and nethyl acetate. The nolar ratio of the
met hyl radicals fed in to the fornyl fed inis 14.1. 10

19 : iﬁt&ﬁ%§ CLAI M5 1.

Met hod of preparing acetic acid and/or nethyl acetate by reaction of
reagents whi ch provide forrryl radj cal s .and reaagnts whi ch provi de, net hyI 5
radi cal's, in the prbsMsthodsif prepasing aeste peigcand treﬂhylaa@at&/émre%lenep

| yti d
[ eastone i ri ol WHEERbTE Gofityl SRR VAR A, BORR ol

carbon nonoxi deadivalss $nlitke pﬁes&ﬁ:ﬁtof carborP fioneside,Owdter, al§le¢nt]andaa eﬂtdlyIt’iE
10[err] Pa, and- an anount of reagent whi ch provides the for

radicals is kepistase compasingqdeast ene bolopgnajsh promot andeatrleast one Arigium-ur e,
adi cal's are . basel SolBBRRL cRariibabalth Bk 8Salif ABO onbRide (RSB kest OV

formyl radi cal Betoeey04aati6f Pa awd25 . 10° P, andanamount ofreagexﬁwtﬁélilhﬁvﬁdwﬁﬁr di ng
to claim1, characterjsed in that said reagents whjich 15 provi de fornyl

radi cal s are pfosmykradicsls isikspt brlow of equsl dy 0 by weight pf the reactiop ayixiient s a
hydr ogen ajeM Qld fh tﬁgtttﬂx k‘ea%&%' Qrhich provide the methyl radicals and formyl radicals are

fed in in a molar ratio of the methyl radicals to the formyl radicals of greater than
1.

2. Method according to claim 1, characterised in that said reagents which
15 provide formyl radicals are products of the formula HC(O)OR, in which R
represents a hydrogen atom or a methyl group.

3. Method according to claim 1 or 2, characterised in that said reagents
which provide methyl radicals are of the formula CH,-R’, in which formula -R’
20 represents -OH, -OCH,, -OC(O)CH,, -OC(O)H, these reagents being used alone or

in a mixture.

4. Method according to any one of claims 1 to 3, characterised in that the

reaction is carried out with a molar ratio of the methyl radicals to the formyl

25 radicals of between 1 (excluded) and 100, preferably between 1 (excluded) and 20
(included).

5. Method of preparing acetic acid and/or methyl acetate by reaction of
methanol and methyl formate, in the presence of water, carbon monoxide, a
30 solvent and a catalytic system comprising at least one halogenated promoter and at

least one iridium-based compound, characterised in that a partial carbon monoxide



3. Method according to claim1 or 2, characterised in that;

whi ch provide nethyl radicals are of the formula CH['err]-R* Tﬂlml‘uﬂnmmlmmm
formula -R 20 represents -OH, -OCH3, -OC(O CH3, -OC(OH, tHesé rkagknts *
bei ng used al one or in a mxture. o 4. Met hod according
to any one of clainms 1 to 3, characterised in that the reaction is

carried out with a nolar ratio of the nethyl radicals to the fornyl 25
radi cal s of between 1 (excluded) and 100, preferably betmeen 1 (excluded)

and 20 (gﬁgéuk@ t between 0.1 . 10° Pa ahd 38! RGP L fand RRAIAY o aC'd
and/ or met hyl ‘acetate b? react | on of met hano met hyl I n
t he presence oformaneéskeptzbebwﬂﬂ%bpme@,toﬁtha(ieacaohnnxunaand a cat aI ytlc
system conpri sing at | east one hal ogenated pronoter and at | east one
i ridium based conpound, characterised in that a partial carbon nonoxide

20 Pressurg Mgk Eéooﬁﬁﬁ%‘ﬁﬁélalgl 3, charL@t[eﬁéécﬂ infiRat Miredtion i¢ Ghettedl] Pa,
and an anount of nethyl te i's kept bel ow 20% by wei ght of the

reaction mt uow. with a weight ratio of fethigbolhrdgent deeding) thet reactonitonthe methyl
characterlsed n that the, reaction |s rled wei ght ratio
of met hanol FRAle reagent ﬁ?@‘%{l&éherfs%%? W’ef’ﬂg Oﬁ\ﬁ“ﬂgﬁb (mdt“ge‘ﬁor mat e reagent
feeding the reactor of between 0.01 and 100 (i ncl uded). 7.
Met hod according to any one of clains 1 to 6, characterised in that the
reaction is carri ed’.ddethod acanrdingitonamyone placlaines| 1 teb,aharacterised imethatrthesur e
Sl e[ol‘fo[feﬁ%? o £ Uaftted! out 3 Taaintaining d pargal Giibon TaoRoxide pressuse greater O

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

8. Method according to any one of claims 1 to 7, characterised in that the
reaction is carried out in maintaining a partial carbon monoxide pressure lower
than or equal to 15 . 10° Pa, preferably lower than or equal to 10 . 10° Pa.

15

9. Method according to any one of claims 1 to 8, characterised in that the
reaction is carried out in maintaining an amount of water between 0 (excluded)
and 5% by weight of the reaction mixture, preferably between 0 (excluded) and

2% by weight of the reaction mixture.

10. Method according to any one of claims 1 to 9, characterised in that the
reaction is carried out in maintaining an amount of halogenated promoter between
0.1 and 20% by weight of the reaction mixture, preferably between 1 and 15% by

weight of the reaction mixture.

11. Method according to any one of claims 1 to 10, characterised in that
the reaction is carried out in the presence of a solvent which is selected from

aliphatic carboxylic acids having 2 to 10 carbon atoms.

30 ‘12. Method according to any one of claims 1 to 11, characterised in that

the reaction is carried out in the presence of formic acid at a content kept below



8. Method according to any one of clains 1 to 7, characteriis ﬂ ' Em ﬁﬁ"l“l
reaction is carried out in maintaining a partial carbon m)n;b'f Hmm u'

| ower than or equal to 15. 10[err] Pa, preferably |over *than or "equdal *
to 10. 10[err] Pa. 15 9. Metypod according to any one of clains

1 to 8 characterised in that the reaction is carried out in

mai nt ai ni ng an anmount of water between 0 (excl uded) and 5% by wei ght
of the reaction m xture, preferably between 0 (excluded) and 2% by

wei ght of the 15%ay weight 5t theSreaction mixture, and %rgfcﬂa%ly %&gg%‘??ggq)@élﬂgotl o any

one of clains-1 to™9, characterised in that t carried
out in maintai tengaciionamisturd. of hal ogenat ed pronoter between 0.1 and
20% by wei ght of the reaction mxture, preferably between 1 and 15% by

wei ght of the reaction mxture. 25 11. Method according to any

one of claims 1 to 1%), Methetd acb&tings® d&nd M characte 'S%(Pﬁlﬂﬁf(iﬁé ﬁf}frlié garried
out in the presence of a solvent which is select ea from a |pﬁat|c
car boxyl i ¢ Jaci ernteniis kapt below 10 byweight of thescactioBmixture. 12. Met hod
according to any one of clainms 1 to 11, characterised in that t he
reaction is carried out in the presence of formc acid at a content kept

bel ow 14. Method according to any one of claims 1 i '15%
by wei ght of the reaction m'xturet,; an p?ee e?gg}sy tgllgﬁvc&azr%t%l;l/segelflé%%t of

t he reaction nihgtamount of free carboxylic acids pB:serivtin tisecreactionrmixnge iogehtei thai 2,

char act er i sed 3,4 03fe;the 95 T 2 ¢

10
15. Method according to any one of claims 1 to 14, characterised in that

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

16. Method according to claim 15, characterised in that the weight content

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

17. Method according to any one of claims 1 to 16, characterised in that
the reaction is carriéd out in the presence of a halogenated promoter selected from
iodinated compounds or a precursor of such compounds.

20 |
18. Method according to any one of claims 1 to 17, characterised in that

the reaction is carried out continuously.



5. content.,is kept below 10% by wei ght of the reaction m xture.

14. Met hod according to any one of clains 11 to 13, characterised in that
the anount of free carboxylic acids present in the reaction mxture is
greater than 25% by wei ght of said i xture. 10 15.

Met hod according to any one of clains 1 to 14, characterised in that

the reaction is carried out in the presence of a co-solvent which is nethyl

acet at e. 16. Method according to ctaim 15, characterised in
that the weight content 15 of the cgggq-lk\@f is lower than or equal to
that of acetic acid. 17. Method according to any one of
clainms 1 to 16, characterised I n that the reaction is carried out in

t he presence of a 2% %ed g rrgter Selcfaggormet?m acetate by%%'; nat gBd

conpounds or a pre
accordi ng to agymerutieh rsdcﬁbﬁfan&atcarblaﬁylaﬁswe%ﬁ&{ IsShiskiosed! Sicifically, thk e

reaction is carried out continuously.

5 method for preparing acetic acid and/or methyl acetate comprises reacting
reagents that provide formyl radicals and reagents that provide methyl radicals, in
the presence of carbon monoxide, water, a solvent and a catalytic system
including at least one halogenated promoter and at least one iridium compound.
According to the method, a partial carbon monoxide pressure of 0.1 . 10° Pa to

10 25. 10° Pa is maintained, the amount of reagent providing formyl radicals is
maintained at no more than 20 wt % based on the weight of the reaction mixture,
and the reagents providing methyl and formy! radicals are supplied in such a way
that the molar ratio of the methyl radicals to the formyl radicals of greater than 1.
The method is particularly useful for preparing acetic acid and/or methyl acetate

15  from mixtures of methanol and methyl formate.




