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CARBOXYLI C ACI D The present invention relates to a process for pg
production of a carboxylic acid by the liquid phase carbonyl at? of an

al kyl al cohol and/or a reactive derivative thereof 'in the presence of an
iridiumcatal yst, an al kyl halide co-catal yst and-optionally one or nore
pronoters. 5 Car bonyl ati on processes in the presencé of iridium
catal ysts are known and are described, for exanple, in GB-A-1234121,

US- A- 3772380, DE-A-1767150, EP-A-0616997, EP-A-0618184, EP-A-0618183,

EP- A- 0643034, EP- A-0657386 and WO A-95/31426. In the pronoted process of
EP- A-0643034 it is stated that ionic contam nants such as, for exanple, (a)
corrosion netals, particularly nickel, 10 iron and chrom um and (b)
phosphi nes or nitrogen-containing corrpoulads or ligands which may quatem se
in situ should be kept to a mnimumin the liquid reaction corrp05|t|on as

‘these will have an adverse effect on the reaction by generating | in the
| i quid reaction conposition which has a detrinmental effect on the reaction
rate. 15 I'n continuous |iquid phase processes, a portion of the

liquid reaction corrp05|t|on conprising a carboxylic acid, an iridium

catal yst, an al kRpis he - -
carboxylic acid,~am OX in
di ssol ved and/ or entrai ndd oMIEC AUH) recovered
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car bon rmnOX| Eioﬁ’aq o%gogg%%&ﬁ%h&értrs reactor to a second reactor where
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t he di ssol vecf1 Noxi e feeding of additional carbon
nonoxi de, Si s f urt Hearbomylationgseeesses i therpsesenge ofdrdinmpatalysis ereikeown@pdduced

into a flash Z0B&criby\geexanpl, I GB-A-1234121, US-A-3772380, DE-A-1767150,
EP-A-0616997, EP-A-0618184, EP-A-0618183, EP-A-0643034, EP-A-0657386
and WO-A-95/31426. In the promoted process of EP-A-0643034 it is stated that
ionic contaminants such as, for example, (a) corrosion metals, particularly nickel,

10  iron and chromium and (b) phosphines or nitrogen-containing compounds or
ligands which may quaternise in situ should be kept to 2 minimum in the liquid
reaction composition as these will have an adverse effect on the reaction by
generating I' in the liquid reaction composition which has a detrimental effect on
the reaction rate.

15 In continuous liquid phase processes, a portion of the liquid reaction
composition comprising a carboxylic acid, an iridium catalyst, an alkyl halide co-
catalyst, water, an alkyl ester of the carboxylic acid, an optional promoter and
residual carbon monoxide in dissolved and/or entrained state is withdrawn and
product recovered therefrom by one or more flash and/or distillation stages.

20 ' EP-A-0685446 relates to a process for the preparation of acetic acid which
comprises carbonylating methanol with carbon monoxide in a first reactor in the
presence of a rhodium catalyst. The reaction fluid containing dissolved carbon
monoxide is passed from the first reactor to a second reactor where the dissolved
carbon monoxide, without the feeding of additional carbon monoxide, is further

25  reacted before the reaction fluid is introduced into a flash zone. However, in this
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2 process the presence of iodide salts, for exanple, inorganic iodides such
as lithiumiodide or organic iodide salts such as a quaternary amoni um
iodide is essential for maintaining the'stability of the catalyst at |ow
carbon nonoxi de partial pressures and/or ter concentration, whereas

I odi de salts as nentioned herei nabove 5 general ly have an adverse effect
upon the reaction rate for an iridiun}catalysed car bonyl ati on process.
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i nvention
liquid reaction composition comprising carboxylic acid product, an iridium catalyst,

an alkyl halide co-catalyst, water, an ester of the carboxylic acid product and the
alkyl alcohol, and optionally one or more promoters, (b) withdrawing from the first
reaction zone at least a portion of the liquid reaction composition together with

20  dissolved and/or entrained carbon monoxide, and passing at least a portion of the
withdrawn liquid reaction composition and carbon monoxide to a second reaction
zone, (c) re'acting at least 1% of the dissolved and/or entrained carbon monoxide in
the withdrawn reaction composition by further carbonylation at elevated
temperature and pressure in the second reaction zone to produce further carboxylic

25  acid product. - |
_  Advantages arising from operating the process of the present invention
include (i) an increase in the amount of carbon monoxide consumed resulting in a
reduced flow of non-condensible gases in the exit stream from the second reaction
zone, and hence lower off-gas processing requirement and (ii) increased

30  consumption of carbon monoxide and yield of acetic acid.

The process of the present invention solves the technical problem defined
above by 'su'bje_cting liquid reaction composition withdrawn from a first reaction
zone together with dissolved and/or entrained carbon monoxide to further
conditions of elevated temperature and pressure to consume carbon monoxide and

35  produce further carboxylic acid prbduct.
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15  reaction composition in the second reaction zone is suitably in the range 5 to 300
seconds, preferably 10 to 100 seconds.

There may be introduced to the second reaction zone carbon monoxide in
addition to that introduced to the second reaction zone as dissolved and/or
entrained carbon monoxide. Such additional carbon monoxide may be co-joined

20  with the first liquid reaction composition prior to introduction to the second
reaction zone and/or may be fed separately to one or more locations within the
second reaction zone. Such additional carbon monoxide may contain impurities,
such as for example Hy, N, CO, and CH,. The additional carbon monoxide may
be comprised of high pressure off-gas from the first reaction zone which could

25 advantageously allow the first reaction zone to be operated at a higher CO pressure
with the resulting highef flow of carbon monoxide being fed to the second reaction
zone. Additio'nally it could eliminate the requirelhent for a higﬁ pressure off-gas
treatment. -

The additional carbon monoxide may also be comprised of another carbon

30 monoxide-containing gas stream such as for example a carbon monoxide-rich
stream from another plant.. _

An advantage of employing a second reaction zone is that carbon monoxide
in a carbon monoxide-rich stream may be utilised in the second reaction zone
without disturbing the operation of the first reaction zone. .

35 Preferably greater than 10%, more preferably greater than 25%, even more
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entrained carbon monoxide. Such a separate second reaction vessel may comprise

15  asection of pipe between the first reaction vessel and a liquid reaction composition
flashing valve. Preferably the pipe is liquid full. Typically the pipe's length to
diameter ratio may be about 12:1, though length to diameter ratios both higher and
lower than this may be employed. Alternatively, in such an embodiment, the first
reaction vessel may be operated as a liquid-full back mixed reactor in fluidic

20  communication with the second reaction vessel which may be operated as a bubble
column reactor with limited back mixing.

The design of the second reaction zone is suitably such as to minimise or
substantially eliminate back-mixing in the second reaction zone, which design
would not be fulfilled by a stirred tank reactor.

235 In another embodiment of the present invention the second reaction zone |
may comprise of a relatively quiescent reaction zone within a reactor in the main
‘body of which is maintained the first reaction zone. Such an arrangement may
comprise, for example, a reactor partltloned into a first reaction zone forming a
major proportion of the reactor space and having agitation means therein and a

30  second smaller reaction zone having no agitation means, the second reaction zone
being in liquid communication with the first reaction zone.

~ The first reaction zone may comprise a conventional hquld-phase
carbonylation reaction zone. The pressure of the carbonylation reaction in the first
reaction zone is suitably in the range 15 to 200 barg, preferably 15 to 100 barg,

35  more preferably 15 to 50 barg and yet more preferably 18 to 35 barg. The
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t he second reaction zone should not be reduced too low, typically to
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acid product in the liquid carbonylation reaction composition by reaction with the

20 carboxylic acid product or solvent. Preferably, the concentrations of alkyl ester in
the liquid reaction compositions in the first and second reaction zones are
independently in the range 1 to 70% by weight, more preferably 2 to 50% by
weight, most preferably 3 to 35% by weight '

Water may be formed in situ in the liquid reaction compositions, for

25  example, by the esterification reaction between alkyl alcohol reactant and
carboxylic acid product. Water may be introduced mdependently to the first and
second carbonylation reaction zones together with or separately from other
components of the liquid reaction compositions. Water may be separated from
other components of reaction compositions withdrawn from the reaction zones and

30  may be recycled in controlled amounts to maintain the required concentration of
water in the liquid reaction compositions. Preferably, the concentrations of water
in the liquid reaction compositions in the first and second reaction zones are
independently in the range 0.1 to 20% by weight, more preferably 1 to 15% by
weight, yet more preferably 1 to 10% by weight.

35 Preferably, the alkyl halide in the carbonylatioﬁ reaction has an alkyl moiety
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35 nore preferably 15 to 50 barg and yet nore preferably 18 to 35 barg.
The 4 tenperature of the carbonylation reaction in the first reaction
zone is suitably in the range 100 to 300 [err]C, preferably in the range
150 to 220 [err]C. In the process of the present invention the carboxylic
acid product conprises a (Jerr] to Clerr] carboxylic acid, preferably a
Clerr] to (Jerr] carboxylic acid, nmore 5 preferably a CJerr] to (Jerr]
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reactants. A m xt urlme@ﬂidnafnlcptalﬁt incthe liquid deaction tompositéoris imtherfizst ander eof may
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carboxyl i c acinfhy maﬂwas ochlaﬁdie/feéa confipioting sadh 45, acttiates avhichedre selubleisond  al kyl
ones are .“ﬁdlg'f, i 2P A3l 05 bt el il DBEE DT o |
to 50% by wei gértic aciskandmoshay kebddded ta the3sa4tioy as\mlgmus\therem rﬁsympb;s obrmed in
situin the | gtk #RAM-cORaRMHERBRpblLAISWhiEIPay be added to the liquid reaction
composition include IrCl3, Irl3, IrBr3,[Ir(CO)31]o, [Ir(CO)2Cl]a, [Ir(CO)9Br],,
[Ir(CO)4Lo] HY, [IN(CO)Bro HY, [I(CO)lo] HY, [I(CH3)l3(CO)T HT,
Ir4(CO) 12, IrCl3.4H50, IrBr3.4H70, Ir3(CO)| 9, iridium metal, Irp 03, IrO5,
Ir(acac)(CO),, Ir(acac)s, iridium acetate, [Ir30(0Ac)g(H20)3][OAc], and
20 hexachloroiridic acid Hyp[IrClg), preferably, chloride-free complexes of iridium
such as acetates, oxalates and acetoacetates.
Preferably, the concentrations of the iridium catalyst in the liquid reaction
compositions of the first and second reactors are independently in the range 100 to
6000 ppm by weight of iridium.
25 Preferably, the liquid reaction compositions in the first and second reaction
zones additionally comprises as promoter one or more of osmium, rhenium, -
ruthenium, cadmium, mercury, zinc, gallium, indium and tungsten and are more -
preferably selected from ruthenium and osmium and most preferably is ruthenium.
The promoter may comprise any promoter metal-containing compound which is
30 soluble in the liquid reaction compositions. The promoter may be added to the
liquid reaction compositions in any suitable form which dissolves in the liquid
reaction compositions or is convertible to soluble form. Preferably, the promoter
compound may be used as chloride-free compounds such as acetates which are
soluble in one or more of the liquid reaction composition components, for example
35  water and/or acetic acid and so may be added to the reaction as solutions therein.
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25 exanple, by the esterification reaction between al kyl al cohol reactant
and carboxylic acid product. Water may be introduced independently to the
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in one or nore of . urd reaction comnpo conponent's; "Tor exanpl e
wat er and/ or include osmium (III) chloride hydrate and anhydrous, osmium metal, osmium

15 tetraoxide, triosmiumdodecacarbonyl, pentachloro-p-nitrododiosmium and mixed
osmium halocarbonyls such as tricarbonyldichloroosmium (II) dimer and other
organoosmium complexes. '

Examples of suitable rhenium-containing compounds which may be used
include Re(CO)yo, Re(CO)sCl, Re(CO)sBr, Re(CO);l, ReCL3.xH;0 ReCls.yH,O

20  and [{ReCO)I},. '

Examples of suitable cadmium-containing compounds which may be used
include Cd(OAc),, Cdl,, CdBr;, CdCl,, Cd(OH),, and cadmium acetylacetonate.

Examples of suitable mercury-containing compounds which may be used
as sources of co-promoter include Hg(OAc),, Hgl,, HgBr;, HgCl, Hg,l>, and

25 Hg(Ch. ’

Examples of suitable zinc-containing compounds which may be used as
sources of co-promoter include Zn(OAc)z, Zn(OH)i, Znl,, ZnBrz ZﬁClé, and zinc
acetylacetonate. .

Examples of suitable gallium-containing dompounds which may be used as

30  sources of co-promoter include gallium acetylacetonate, gallium acetate, GaCls,
GaBr;, Gals, Ga,Cl; and Ga(OH);.

Examples of suitable indium-containing compounds which.may be used as
sources. of co-promoter include indium acetylacetonate, indium acetate, InCl;,
InBr;, Inl;, Inl and In(OH),.

35 Examples of suitable tungsten-contzﬁning compounds which may be used
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'acetic acid and so may be added to the reaction as solutions therein.
Exanpl es of 15 sui tabl e iridiumcontaining conpounds which nmay be added

to the liquid reaction conmposition include IrC[err], Irlf[err],
lrBr3,[Ir(COferr]l][err],. [Ir(CO)[err]q;][err] [Ir( COfer]Br][err],
[Ir(CO[err]l[err]]-H+, [Ir(CO)[err]Br[err]] [Ir(CO[err]l[err]]-H+,

[Ir(CH[err])I[err](CO)[err]] H+ Ir[err](CO)I[err] IrC[err].4Herr] O

| rBr3. 4H 0,1 |
1803 Ao ol L e bl WSS Shct, LR WL o e )
[1r[er] O QAc) WEEO) drdeany hidigisten w]llpfdathwc]amo-amdod@-carbbeydmtﬂpnnnd ridic acid

H IrC m such as
aE::'[ 21][ [esr o£<glr 21][ ]espxgﬁd;bg% to%rgg{bgdtrcebéhgﬁl g%wé ?')éqﬁegggrféﬂgh@?%#l ons of the
i ridi um cat al Yhigh providecor|generpte lﬂ'élé'étqnmoéldﬁi)‘ﬂbicg imsaydnkibit thereadtion; fognd

second react chamgreeankamepﬂnﬂ&efehuhhﬁtdl BEothaN@etal Sfitst © 6000 ppm by wei ght of
on CO OSItI0n$ in_the

di 25 bl d
:‘ |r Ir s![ u211nd second rPe"aEE"F? Qg‘oﬁdﬁ Erie%’?:tﬂnl 3;" ‘gg’ﬁﬂ\“? ypu é'PrfP(S]i’ﬁ)'E'E’rt ofne or
nore of osmi Lty solubdlity imthe lllqmﬂ eedction corapwsitions andoe Hﬂiwhqdld pmcegaﬂtﬂeamm indium
and tungsten é%e%r 1is) tﬁ%éa‘?b&{{%ﬁtftﬁh ?Qcﬁor? §+r?e§ &o%h Ihe%l:t'f % ‘r,n%?g%ﬁ%) Z;n um and

nost preferabl S Tu
met al - cont ai nThegPrevyeirs imenitably @nesexy l@ Che liquist tm¢tean| qcpmmemlonsqan amelacatioon -
conposi ti1gns. of Bagh Bfo%f&%éﬁ%vh@ﬁ}ére@&t?%ﬁnﬁ@tﬁe%n d [%Ul' & fd‘b?onb%?erﬁtﬂ osi tions

in any suitahle for sol ves in I'd react 0 tions or
is converti bFﬂgr@@rélg}ﬂfbﬁbl’flﬁqrﬁ]ﬂ?ﬁ?r@lﬁr[&‘lﬁf“;‘?”haﬁ draGﬁM@Ffabbﬁ{t!B@%aO}rhy be
used as chl ormde-p‘réie&bmnpw msl]s1 smcyet aforé pRIrahisg [umd:m]a!r erhétbbh&ﬂcml n one
or nore of th(;%g{&wd rea n Qsi t,ion co

| e
wat er and/ or a piemg eér?ﬂaE R a5 feen OY‘ ﬁ%{’?‘ g%?&ﬁ%ﬂ tgg&%"? utions
therein. 6 concéntratiph adichigivasitbeaphxdmum dachinylation nitaahanydefinegpmettgt whi ch
may be uged Idasaa%dw&thﬁ%a{aa 6drlckatrdtishO'Al Qfrable'Br&iRBEel Bbridehtrdtidilts 3bb de

tri hydrate, rutheni um
y to 5000 ppm.

Carboxylic acid may be used as a solvent for the carbonylation reaction.

Although in general it is preferred to operate the process in the substantial
absence of added iodide salt, i.e. a salt generating or dissociating an iodide ion, it
20  may be possible under certain conditions to tolerate such a salt. Accordingly, ionic
contaminants such as, for example, (a) corrosion metals, particularly nickel, iron
and chromium and (b) phosphines or nitrogen-containing compounds or ligands
which may quaternise in situ, should be kept to a minimum or eliminated in the
liquid reaction composition as these may generally have an adverse effect on the
25  reaction by generating I in the liquid reaction compositi‘on which has an adverse
' effect on the reaction rate. Some corrosion metal contammants such as for
example molybdenum have been found to be less susceptlble to the generation of T
Corrosion metals which have an adverse effect on the reaction rate may be
minimised by using suitable corrosion resistant materials of cdtlstruction. Similarly,
30  contaminants such as alkali metal iodides, for example lithium iodide, should be
kept to a minimum. Corrosion metal and other ionic impurities may be reduced by
the use of a suitable ion exchange resin bed to treat the reaction composition, or
preferably a catalyst recycle stream. Such a process is described in US 4007130.
Preferably, ionic contaminants are kept below a concentration at which they would
35  generate less than 500 ppm I', preferably less than 250 ppm I’ in the liquid reaction
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) bromde, ruthenium (111) iodide, ruthenium
metal , ruthenium oxides, ruthenium (l1l) formate, [Ru(CO|[err]l[err]]-H+ 5
tetra(aceto)chlororutheniunm(ll,I11), ruthenium (ll1) acetate, ruthenium
(I''1) propionate, ruthenium (111) butyrate, ruthenium pentacarbonyl,
trirutheni undodecacar bonyl and m xed rutheni um hal ocarbonyl s such as
di chl orotricarbonyl ruthenium (11) dinmer, dibronotricarbonylruthenium(I1)
di mer, and ot I h as tetrachl orobis(4- 10

B&Ia f?fr?%c#& I}Pe’?ér ?ngRl §§6§ge"x€ (

cyrrene) di rut héni'o ne)di rut heniun(l1),
di chl.or o( cycl ooct aTheSaton monexide sactam for the qadhopylation reactions may be

tris(acetyl aCSis@ﬂi’dl )p'uH% &%W&rﬂ:ﬁ In)ertx @'Pﬁ)és%ﬁcmis &%dtﬁdibﬁde methane,
osm um cont ai nj n m& unds whi ¢ 5478 E:Ause gﬁl gsm um (11 Irs chl ori de
hydrate and af oSatP MRk A8t C149 rogRerse, T epresence
triosmi. untﬁ)deeﬂh)ﬁdrbgmﬁh,thei)érmbcﬁﬂhbxwxﬁ&e[@d@enﬂaﬁeﬂmﬁdj lgsmwatargis ghiged osm um-
hal ocar bonyl s h as tfrggglr boglél dIOChI or S%ﬁ]‘ﬂbgﬁ a(gﬁ:‘flr and ot her
or ganoosmi um B ﬁ%?'é&?é’é'e © seﬁfﬁn 1 &Y R E bty ‘&)‘Fﬁ)ounds
whi ch may be p@sdmenmmmﬁﬂ[tm%m@@mif hymgena)t[oerprc}dﬂcts FRee@@ytiadrr ] Br,
Re(CO [err]l, {a ?&Jéxér'r‘kﬁ%,llézf fehd E'H%E%r]d aéIsILdﬁJ fehétinGoned4Hd suitabl
err

[{ReCO)[err]I sul t m um contal nl ng unds
whi ch may be Wde eqlwéh%:tr(nmé)t? &9 par, prefrplly 4 to 3&bex f@rmyre w@rplém
Cd(OH)[er1d, am@lgebdm um acetyl acet onate. Exanpl es of suitable

mer cur y- cont ai ni ng our ces, of co- ronDter

nds whi.ch nmay, be use S
el ude. Ho( Onc) [ er IAOORIG a9 Prodiighsiaiohe EooaERd: Faim FHe SeFpRd Teastion 20mRd 25 -
Hg[ err] C1[ err 3and Epctmmllyemg&thes with @b keparitely froantha ifirst nepctonponetgsflashi ch may be

;ﬁgg[ Zfr ]S our C%%fipgtxofiolﬁ rﬂggﬁ%eﬁ&rab&ﬁ%cﬁjl aléeegionqaé%)n{p%ls__uil]on lﬁzxg%gd)tt)gam hi égl [err],

gal | i um cont aFenerija é&&ﬁi@@gwu@vwﬂ&ﬂaﬁhwmmgs@qm@aﬁm an s@@ba@eélash
CO- prondt gy i Padselds Haweawﬁ@ﬂavh@a@ﬁgmﬁse InGR¢ HAH R RGH fone Gafguider ],

GaBr[err], Gah_Lgt n]compr[mer\rgr L%E'IE ofatﬂe ln%a(ma_?ltLlyst a]nd the majority of the
optional promoters is separated from a vapour fraction comprising carboxylic acid,

(1'V) chloride, ruthenium (Il b
[
I
I

carbonylatable reactant, water and alkyl halide carbonylation co-catalyst; the liquid
fraction being recycled to the first reaction zone and the vapour fraction being
20  passed to one or more distillation zones. In the distillation zones carboxylic acid
product is separated from other components which are recycled to the first and/or
second reaction zones.
The carboxylic acid produced by the process according to the present
invention may be further purified by conventional processes, for example further
25 distillation to remove impurities such as water, unreacted carbonylation reactant
and/or ester derivative thereof and hlgher-boﬂmg carboxyhc acid by-products
The invention will now be illustrated by way of the followmg Examples and
by reference to the accompanying Figures. Figures 1 and 2 are schematic diagrams
of the apparatus used in the Examples. Figures 3 to 5 are representations of
30 different arrangements of secondary reaction zones.
With reference to Figure 3, A is a first reaction zone comprising a primary
reactor incorporating an agitator and/or jet mix and/or other means of agitation and
B is a second reaction zone comprising a tubular (or pipe) secondary reactor in
communication with a flashing valve.
35 With reference to figure 4, A'is a first reaction zone comprising a primary
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Exanpl es of suitabl e indi umcontaining conmpounds whi ch nmay be used as
sources of co-pronoter include indium acetyl acetonate, indium acetate,
InCl[err], InBr[err], Inl[err], Inl and In(OH)[err]. 35 _ Exanpl es of
sui tabl e tungsten-contai ni ng conpounds Wy ch may be used 7 8 as sources
of co-pronoter include WCO[err], Wl [err], Wl [err], WBr[err], WJerr],
or CJerr]JH [err] WCO 3 and any tungsten chl oro-, bronpb- or iodo-carbonyl

d. P f f
|C(r)rp mpound. &Efeﬁﬁgpkéera%ﬁq’gﬂ{dqﬂﬁﬁﬁ {nEBHbtoPdnﬂg ag ag@ﬁgp#ﬂm gt;rﬁmrngﬁro

i nhibit the r@thertmeans qf@gltzglon B impsesoncireretion zene sprarising 2 athulas (prot aI or

ot her netal Sﬁhé)ssecgﬁ&frﬁefwdov mouRfd ra&qm& ﬁﬁm'aﬁ_y RAQSE Mhd skcaitiaff fed6ibt Ve
anount up to

e limt I i d reaction
conposi ti ons BAYPSPPELALF Iﬂa&lﬁﬁﬁigl%@ édt‘él‘ﬂ‘ ?dle@&a%“?’bmt he .
car bonyl ats oncdmamcamnzwiﬂes ﬂ_ﬁslﬁng ‘tame andehe gasemsdspmcmxcemmwgm withe |
pronoter is sui | t t . a nolar
Patio 10 ort e BeSRERs e @by, MR REBREY B v T [
100]: 1, pr ef&ﬂmrﬂe@@qwtfeﬂ théraby dintihating theneedfoe s bighlyirgssiing a@r than -
1]:1 and pref§; y [up to 20]:1 nore preferably fup to 15]:1 and yet nore
to

preferably [u lh! The beneficial effect of a pronoter such as
rut heni um has beenWitieterense b Figuemnd.oA'tis afirst feactign epneeAmRsISIng A ATERATNhi ch

gi ves t helgmaxieabtor ﬁ@bhﬁmaﬂ@tancuguam encabr Janmlﬂefderaﬁhémﬁém oﬂfguanacet ate and
met hyl iodid poncentlﬁtlon sui t abl.e ter co cen{.{t‘atflsg ﬁ 400 to
5000 ppm Car §eeo 'i'eaawoﬂgcﬂlggﬁs'% rg OrHEN Of W& IS FRGHO ati on
reaction. Al timwgindumhq;ﬁdeommuntcatlm therefadthr é'dhetmrtilimaeépertmha"process in the
subst anti al a@&rﬁﬁﬁ@ %‘;s%ﬂﬂ%qla%lﬁg%gﬁvéa” i.e. a salt generating or

ma

di ssociating an 10 be possible under certain
condi ti ons t cEXAMPEES such a salt. Accordlngly i oni ¢

15 Example'l
APPARATUS AND METHOD

The apparatus used is shown in Figures | and 2. With reference to Figure 1

the apparatus comprised a stirred primary carbonylation reactor (1), a secondary
_carbonylation reactor (2), a flash tank (3) and a purification system (not shown), all
20  constructed from zirconium 702. :

In use, commercial grade methanol, which has been used to scrub the off-
gas is carbonylated in the 6 litre reactor (1) in the presence of the iridium
carbonylation catalyst and promoter at a pressure of 24-32 barg and a temperature
of 181-195°C. The reactor (1) is fitted with a stirrer/propeller (4) and a baffle cage

25  (not shown) to ensure intimate mixing of the liquid and gaseous reactants. Carbon
monoxide is supplied from a commercial plant, or from pressure bottles, to the
reactor via a sparge (5) fitted beneath the stirrer (4). To minimise iron ingre'sé into
the reactor the carbon monoxide is passed through a carbon filter (not shown). A
jacket (not shown), through which the hot oil is circulated, enables the reaction

30 liquid in the reactor to be maintained at a constant reaction temperature. The
liquid reaction composition is analysed by near infra red analysis or by gas
chromatography.

To purge merts hlgh pressure off-gas is removed from the reactor through
line (6). It is passed through a condenser (not shown) before the pressure is

35 dropped to 1.48 barg across valve (7) for it to be fed into the scrubbing system.
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contam nants such as, for exanple, (a) corrosion netals, particularly

ni ckel, iron and chrom um and (b) phosphi nes or nitrogen-containing
conmpounds or |igands which nmay quaternise in situ, should be kept to a
mninmumor elimnated in the liquid reactjon conposition as these may
general ly have an adverse effect on the 25 reaction by generating F in
the liquid reaction conposition which has an adverse effect on the reaction

rate. Some corrosi Ei&uiﬁ*e&étlo@x% lﬂamsswms)w@ﬁohpuhe%wa&lwmdexaéﬁnum have
been found to ggless |ble ggeilr | d Oorr si.on netals .
whi ch have ar(! 9¥P§e‘t Yi ling, ‘8’80‘!‘ Ashy t3 lé% EfreATRS @ed by using
sui t abl e cor remitoh Imeﬂhﬂﬂﬁanmarquai i2actionconmpositioh iftashé&l dowmatd oy, 30

‘;ﬁQL?S‘ Bg“f(z Fﬁrﬂ{sgreaéf f"hi‘ﬁuﬂﬁl F%%?Lsgitﬂ‘% rﬁlﬁﬁ{re %P&a@ﬁ??ﬁ& ﬁqu.luéi shkieb’ éegﬂlhgl es may
be reduced bycatslystich lighidis s&luma@ttetheammydmgél@)emdrpmlﬂb that' t he

reaction CO(T;@;? {)ﬁgrasééﬂ tl%ﬁ%ﬁé?%%tég ta"ﬁldX?{/n’ Jnf‘egﬁf irfto i £284R acr¥iCh 2

process is erab c contam nants are kept
bel ow a conce"ﬁﬁ‘?‘{?ﬁ'&fﬁt%( i NaRA¥ey would 35 generate | ess than 500 ppm

I, pref terabl y |355Th@f§d&03&9y PO ( f%)lhlﬁlattié%‘neh lt&thed]a"sﬁﬂglxh@g)%nd fitt8d W1th

coO osition re era an car pno

Comerant for - bty Aok fhah Bip Sont Pite R Poister sttt SR e lBIO e
cont ai n ilQer tflashipgvalvees diactly theoughnlhmsecdmctaxy chactom{2 ) tarthe ﬂauhhgoagh'a nobl e
gases, water ﬂ@' echid | ctto? &H&.sM@EEbPaﬁmﬁ%ﬁQ%ﬁ{ ?é?: @ﬁ aRd €sence 5

of hydrogen in t e car noxi d enerated in e water gas
shift reacti degehepyith @mﬁqascdmqurbhas m ¥e umaxﬁpperoxmﬁglytl %{pffh@ﬁfst parti al

pressure, as ﬂehétopr TREPipe lmxceaeﬁ y&.ﬁnél o ARG ihé (19) S?rfd 9 pFsvAgARALH on
products. The [essur car first and second
reaction z oneas b’ g‘tﬂ“ﬁ&lﬂ“@' G E‘ﬁ‘l?éffg’l ‘9“”‘) i('Jh IF%?&‘}@“‘%Q’ 5Fa¢9r Bar
preferabllf 1 éperéted betheamede prassurpaetherpriniayy reactor.
Acetic acid is recovered from the vapour entering the acetic acid recovery
system (13). .
With reference to Figure 2, the apparatus incorporates features 1 to 14 of
Figure 1 and additionally incorporates line 15 and control valve 16 (secondary
20  reactor by-pass line not shown for clarity). The modification is necessary to enable
high pressure (HP) offgas to be fed directly into the second reaction zone.
Alternatively a compressor may be employed to feed the HP offgas to the second
reaction zone. Primarily this was to allow the second reaction zone to operate at a
pressure less than that of the first reaction zone. The CRS line to the reactor
25  including pump (11) have not been shown to aid clarity.
Example 1
Using the apparatus and method described with reference to Figure 1
methanol was carbonylated in the primary carbonylation reactor (1) at 192.8°C and
a total pressure of 30.9 barg. A liquid reaction composition was withdrawn from
30 the reactor through line (9). The liquid reaction composition in the primary reactor
. (1) comprised approximately 7% by weight of methyl iodide, 15% by weight of
methyl acetate, 5% by weight of water, approx. 73% by weight of acetic acid,
1180 ppm of iridium and 1640 pplﬁ ruthenium. Then 't'l-1elliquid reaction
composition withdrawn from the reactor was diverted into the second reactor (2).
35  The liquid reaction composition was further carbonylated in the second reactor at a
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10 1 to 15 bar. Carboxylic acid product nmay be recovered fromthe second
reaction zone and optionally together with.or separately fromthe first
reaction zone by flash separation. In flash separation |iquid reaction
conposition is passed to a flashing zoneyia a flashing valve. The flash
separation zone may be an adiabatic flash 15 vessel or may have

addi tional heating neans. In the flash separation zone a liquid fraction
o "9, & il Peferbr e 190%C ahd A S GHa0R Wbk W T GlbK e 1 N
opti onal pronote | ate roma pour I'9n co

carboxyl i ¢ aciofi4058rseeendsat abl e react ant, mater and al kyl hallde

carbonyl ati on co- catlpyald reﬁéiﬁm cb%b&itlcfn{ ﬁﬁﬁl'tﬁé‘sééﬁhd‘&abﬁ?l(i)'% a8sedte first
reaction zone and the vapour &tlon bei ng rog,g et? ne or fmore
distillation # sFW?‘FfE“fﬁsieﬂ |°395a694a£arpégssws Aj& L 5 re,swoﬂfet i s
separ gt ed §ro ah@;wnﬁrTsmrpo The i’ébSult@ﬂ@h/ mtesdx( ghygdrwdmnmtiee fvasr &dnvared or
second reacti @n,zones carboxyl.i,c. aci uce €
Sccording to Thue3PER rERTiohRnE hichis AN RIpRRPY (4edf: 85AE8 Bert i ona
processes, f0168®(la'rqarhmfmomdxaﬂeaﬁmatedrfmnabwulmnexwmmbtoebadimmedi es such
as water, unr ester derivative thereof
and hi gher-bo?ﬁ%gg%tg oxgl)dl‘%ﬁllas 1%559%1?63; ucts &%He I nvention will now be
i|lustrated bExampled the foIIOW| ng Exanples and by reference to the

accorrpfnymg Fi gurqshe;fb@d& l@ﬁEﬂa 1 %vadFk §»e§&bgﬁr@épt maﬂtr@gﬁnaﬁfmtpératuh@mf 20
appar at us useq i es are represen i.ons o

o Frerent ar r QIAERRR WobEr S8 IR B 80 b B sl s ioAd: drRde ©o
Figure 3, A i This Exangple stexwestthatrdissolved andfpr énsiaimgd £(pini tive tiquid eamposition

i ncor por ati ng;ak %E@%Pf gsapd/or jet mx and/or other means of agitation

and Bis a secon reaction zone conprising a tubular (or pipe) secondary
reactor in colxampledtion with a flashing valve. 35 Wth reference

to figureis, A s Thefproddss bEBRAMpI A8 Pepe BB ek&dph thabin® ekteBialheédt was
supplied to the second reactor. The results are shown in Table 1. This Example

shows that dissolved and/or entrained CO in the liquid composition is consumed in
the absence of external heat.
Example 4 _

20 The process of Example 1 was repeated except that additional carbon
monoxide (containing < 2% v/v impurities) was fed to the second reactor at
35g/hr. The results are shown in Table 1. This Example shows that dissolved
and/or entrained CO in the liquid composition and additional CO feed is consumed
at 190°C. |

25 Example 5

The process of Example 1 was repeated except that additional carbon
monoxide (containing < 2% v/v impurities) was fed'to-the_ second reactor at
65g/hr. The results are shown in Table 1. This Example shows that dissolved
and/or entrained CO in the liquid composition and additional CO feed is consumed

30 at 190°C. '

Example 6

The process of Example 1 was repeated except that additional carbon
monoxide (containing <2% vlv impuritiéé)' was fed to the second reactor at
100g/hr. The results are shown in Table 1. This Example shows that dissolved

35 and/or entrained CO in the liquid composition and additional CO feed is consumed
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Examples 7 to 11
The primary reactor (1) was operated at a total pressure of 27.6 barg. The

second reaction zone (2) was operated at a pressure of 27.0 barg using control
valve (16). This pressure differential was the driving force which allowed HP
offgas to be fed down the line (15) into the second reaction zone. The temperature
in the second reaction zone was controlled in a similar manner as for Example 4-6.
The liquid reactor composition in the primary reactor 1 was similar to that for
Examples 1 to 6, i.e. 5 wt% water, 7 wt% rhethyl iodide, and 15 wt% methyl
acetate. The iridium and ruthenium concentrations were as shown in Table 2.

Example 7 was a repeat of Example 1, but in this case it was estimated that
the amount of carbon.monoxide dissolved and/or entrained in the liquid reaction
composition withdrawn from the primary reactor (1) was 114 g/h. In Example 7
there was 91% carbon monoxide conversion in the second reaction zone. In
Examples 8 to 10 varying amounts of HP offgas were directed into the second
reaction zone (2) through line (15). The concentration of carbon monoxide in this
stream was approximately 75% v/v for each Example.

Example 11 was designed to determine the effects of feeding impure carbon
monoxide into the second reaction zone (2). This stream contained 70% v/v
carbon monoxide,25% v/v nitrogen and 5% v/v hydrogen.

The results of Examples 7 to 11 are given in Table 2.
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.the reactor the carbon nonoxide is passed through a carbon filter (not
shown). A jacket (not shown), through which the hot oil is circul ated,
enabl es the reaction 30 liquid in the reactor to be maintained at a
constant reaction tenperature. The liquid reaction conposition is anal ysed
by near infra red analysis or by gas chrg?atography. To purge inerts, high
pressure off-gas is renoved fromthe reactor through line (6). It is passed
t hrough a condenser. (not shown) before the pressure is 35 dropped to 1.48
barg across valve (7) for it to be fedd t he scrubbing system 10

Li quid reaction conposition is wthdra m-t he carbonyl ation reactor (1)
down a still well (8) via line (9) into the flash tank (3) under reactor

| evel control. In the flash tﬂ]\‘fnﬂl@% liﬂkﬂr{i‘pl@%a Fl‘lixﬂﬂlp?eogp )ili,xﬁlip%i'e L‘i fﬁghe@ 11

down to a prEgssure of—t—48 'L.ollg. me—resturt g mxt €01
i s separ at ed; HPHRffgas feedat al \|st - ridkh 1ijqui dSés re¢turndd to|the l2dact of-by 0
line (10) an (11) and |t he vapour| i s passe@ through & dem ster (12)
and then dir Y into the dcetic acid recovery|lsystem (1B) as vapouf. The
secondary repdddtonatfeeds at tlached® to tlhe fPashing 1i®e (9) andOfittefl w175
i sol ation val ysuch that tlthe flow eXiting thejreactor efther passe
directly to t%ﬁlo fls(a hing val ve or| directly|through tphe secondar
reactor (2) k%Om98verted &ﬁ\'ib val V@4 Thed seddRd react 23 (2)| conpilses h pi pe7
of dianmeter [2.5cm length 3Q cm and tdgether wi {h associ afed pi pework has a

vol ume of ap ] e 11%j of firlst tof. pipeis’FﬁQ; cedfin )
parallel to %@é‘ﬁéﬁk% l'ine (g%’fz andg isfs‘:??%vi jed-li\g??h al sup y?of 188.8

addi ti onal ddemperatme(3i)de Jia |ine 14. The secpndary reaptor is 15

~ VUL

operated at [tRS&RET PL?Q)sure agafgre Hri npygp react grgpAcefic agdd is
recovered frjomt heln\nlgi ur- ent er?ng t heg acePibc agi dolrlggovery s?g%dgm (L3) .1130
Reactor [Ru] (ppm) 1660 1550 1560 1560 1530

10

15

14



Wth reference to Figure 2, the apparatus incorporates features 1 to 14 of
Figure 1 and additionally incorporates |line 15 and control valve 16
(secondary 20 react or by-pass |line not shown for clarity). The
nodi fi cationm Ts necessary—t0 enabl e high pressure (HP) offgas to be fed
directly eaction zone. Alternatively a conpressor may be
enpl oyed ”mmfmm‘“mmm@m fgas to the second reaction zone. Primarily this
was to al I*ow¢t he second # eaction zone to operate at a pressure |ess than
that .of the first reaction zone. The CRS line to the reactor, 25

I ncl udi ng punp (11) have not been shown to aid clarity. Exanple 1 Using the
appar atus and met hod described with reference to Figure 1 nethanol was
carbonyl ated in the-prinmary carbonylation reactor (1) at 192.8[err]C and a
total pressure of 30.9 barg. A liquid reaction conposition was w thdrawn
from 30 the reactor through line (9).1%he liquid reaction conposition in
the primary reactor (1) conprised approximately 7% by wei ght of nethyl

i odi de, 15% by wei ght of nmethyl acetate, 5% by wei ght of water, approx. 73%
by wei ght of acetic acid, 1180 ppmof iridiumand 1640 ppm ruthenium

Then, the liquid reaction conposition withdrawn fromthe reactor was

di verted into the second reactor (2). 35 The liquid reaction conposition
was further bonyl ated in the second reactor at a 12 mid tenperature
of 190[err]C hﬂn% total pressure of 30.9 barg with a residence time of

40- 50 secondsl. The Al provésd forahe prdancmmaibmhé aaarhaﬂﬁg ﬁep edifon SRFIsOr f (2)
I’ essure o

1as barg. B anheS R BRES AR wit cABh Rorudin s Bsh e 63
g/ hr carbon nzensételevaied teroperatutesandi pressive anatiohalcols haviap nzarben adtheh is a
si gni ficant pérﬁi?&r 4 i‘é&@tnﬁ@@?ﬂ%’cx&%ﬁrg&’f tofﬂ?gdlgzg aq{amox‘ﬁﬁ‘é’ bqg hmﬁ?%¢98ar§5t | mat ed

froma base lI'ine experinent to be
5  atoms in a liquid reaction composition comprising carboxylic acid product, an

iridium catalyst, an alkyl halide co-catalyst, water, an ester of the carboxylic acid
product and the alkyl alcohol, and optionally one or more promoters, (b)
withdrawing from the first reaction zone at least a portion of the liquid reaction
composition together with dissolved and/or entrained carbon monoxide, and

10  passing at least a portion'of the withdrawn liquid reaction composition and carbon
monoxide to a second reaction zone, (c) reacting at least 1% of the dissolved
and/or entrained carbon monoxide in the withdrawn reaction composition by
further carbonylation at elevated temperature and pressure in the second reaction
zone to produce further carboxylic acid product.

15 2. A process according to claim | wherein substan_tially all the liquid reaction
composition together with dissolved and/or entrained carbon monoxide withdrawn
from the first reaction zone is passed to the second reaction zone.

3. A process according to either claim 1 or claim 2 wherein methanol and/or
methyl acetate are carbonylated with carbon monoxide in the first reaction zone.

20 4. A process according to any one of the preceding claims wherein the
concentrations of the ester of the carboxylic acid product and the alkyl alcohol in
the first and second reaction zones are mdependently in the range from 3 to 35%
by weight. )

5. A process according to any one of the preceding claims wherein the
25  concentrations of water in the liquid reaction compositions in the first and second

15



i ¥ \

and/ or mewmen” irst liquid reaction conposition. Exanple 2 10
The pro m ‘was repeated except that the md-tenperature in
t he second react dr wasstrai nt ai ned-at 185[err]C. The results are shown in
Table 1. This Exanpl e shows that dissolvgg and/or entrained COin the

|l iquid conposition is consuned at 185[err]C. Exanple 3 15 The
process of Exanple 1 was repeated except that no external heat was supplied

Lo Lne SCOONG ek aRnAhes FdcBSichdy B e QMo T08bS. Uy wlhe Exampl e shoue

t hat di ssol ve or entra ui d_ comnposition |s consuned in
the absence df- extApregeshawordimsorgiyong of the precedmgdﬁ@sm theof Exanple 1

was repeat ed d@ﬁ@&ﬁiat'bh@&fﬂﬁﬁlhhhma'th&ﬁé fbaaﬁds\oesmﬂ@osﬁmmi@tﬁalﬂaﬁ and2% v/ v
ey

t f to th Th It h
N Tabl o 1 RRMBSATRIAERT S TUFRRRIUE! DEIARAT 2RI NOHORS | o cho

| i qui d coisposl.t i.onAgnoceasiaicordingio 46§ dne efl theprecadingdainstwhkddih ther ] C. 25
e oo oqRERRATEPaPbe AR chal P RLRAIE R AGR B Bithord A hd .

car bon nonoxi contar nin second
reactor at GS@drspcondkrsacrtwus incthe rangs ﬁr@mlﬂmtm@ﬂo@pm byrweightebinigium. shows

that dissol vegl andAqyo&ss 56%&&% E,Quﬂlyrbn% lo¢ tHle &Uéé?ln%;’aﬂﬁé'vme?éin di gﬂﬂ' tional

CO feed is consuped 30 c? grocess of le 1
was repeat ed ré%@ﬁtcomﬁ‘t‘%ﬂ? q"éﬂ% Yﬁ%ﬂ“b‘dﬁ? aﬁl?ﬁ%‘??'i?é% Shnare? rftlth@“‘?% v/ v
impuritiay) vad dseurho the second reactor at 100g/hr. The results are shovvn

he 7 qui 4 coimosi S PRCRh AN e EofrRne Sromfl hdtiesFBl i tdidid™ ! 7
reaction compositions at a molar ratio of each promoter to iridium of [up to 10]:1.
10. A process according to any one of the preceding claims when operated in
the substantial absence of added iodide salt.

15 11. A process according to any one of the preceding claims wherein in the first
reaction zone the temperature of the carbonylation reaction is in the range 150 to
220°C and the pressure is in the range 15 to 50 barg.

12. A process according to any one of the preceding claims wherein in the
second reaction zone the reaction temperature is in the range 150 to 230°C and the

20  pressure is in the range 15 to 100 barg.

13. A process according to any one of the preceding claims wherein the
residence time of liquid reaction composition in the second reaction zone is in the
range 5 to 300 seconds.

14. A process according to any one of the preceding claims wherein there is

25 introduced to the second reaction zone carbon monoxide in addition to that
introduced to the zone as dissolved and/or entrained carbon monoxide.

15. A process according to claim 14 wherein the additional carbon monoxide is
high pressure offgas from the first reaction zone.
16. A process according to any one of the preceding claims wherein greater

30 than 25% of the dissolved and/or entrained carbon monoxide in the withdrawn
reaction composition from the first reaction zone is consumed in the second
reaction zone. | |
17. A process according to any one of the preceding claims wherein at least
95% of the dissolved and/or entrained carbon monoxide in the withdrawn reaction

35 composition from the first reaction zone is consumed in the second reaction zone.

16



13 at 1 Exl Ex2 Ex3 Ex4 Ex5 Ex 6 Tenp. of second
reactio ‘ | 90 185 * o 2190 190 190 m d-tenperature
Additio -0 0 35 65 100 CO

converted in second reaction zone 63 1760 51 - 93 112 127 g/ hr
First reactor tenperature ([err]C 192.8 187.5 191.7 191.6 191.4
191.6 First reactor pressure (BargQ) 30.9 28.8 29.1 29.5 29.4 29.9

5 * not reuertedA. p@@s@édésrﬂng@, oﬁbefﬂfe' eﬂlng%ﬁ@fh@ﬁvhérlﬁn the amenmr at ed
at a total sure of ?' coni :eactLvh zope ﬁ% was , oper at ed
2t 5 proosur &8 517095 mengxids T B oondh bl Soppposiipg witepae Fombe sipid oL o
differenti al rmonizeneirslmduugdft@nxamtmhatleaﬂIZD%Abgdvd}ﬁinebf theslissolved f ed down
the Tine (15),haf %n&&fieég{s%ﬁ]efeﬁ’@&ﬁd i@’&PﬁxﬁFl?ed %ﬁréa@iéﬁ%hﬁ@é&aﬁd?o# he second

reacti on zone was con nner as 4-6. The
liquid redct disselyad8nd/or additional parbon menexide.cact or 1 was si ni I ar to that for

Exanpl es 1 1qgb, 'A%roc'ésé"ﬁc&i’&?ﬂﬂoan} ok & R edin ?%lﬂﬁs wﬁ&‘im]{ﬁe‘fﬁ's% met hyl

15 acetate. a’ i r,i di um and rut hepi ym concentrati Qns were as shown in
Tabl e 2. Exafpf &eepndgeactionzgnesare maistaings) ia sepaspie reactipp vessels withimpeags s

esti lmat eddt hdbr wnbdxamtgwﬁomfth@ﬁfsbmacmsdendipmgwdxeaseddmrrewtohal( E)Ed in
the liquid re Q Q J r was
114 o/ 1 n S dbis FERESL SRR AR IS AR R ATDR SR e
second r &@ct iand/oz entainedhcazbon meraxigd.es 8 to 10 varying anounts of HP of f gas
wer e direct edgi Nt 05 LG esEARBRing to claim 19 wherein the second reaction vessel

comprises a section of pipe between the first reaction vessel and a liquid reaction

composition flashing valve.
21. A process according to claim 19 wherein the first reaction vessel is

15  operated as a liquid-full back mixed reactor in fluidic communication with the
second reaction vessel.
22. A process according to claim 21 wherein the second reactor is operated as
a bubble column reactor with limited back mixing.
23. A process according to any one of claims 1 to 18 wherein the second

20 reaction zone comprises a relatively quiescent reaction zone within a reactor in the
main body of which is housed the first reaction zone.
24, A process according to claim 23 wherein the reactor is partitioned into a
first reaction zone forming a major proportion of the reaction space and having
agitation means therein and a second smaller reaction zone having no agitation

25  means, the second reaction zone being in liquid communication with the first
reaction zone.
25. A process according to any one of the preceding claims wherein the carbon
monoxide partial pressure in the first and second reaction zones is independéhtly in
the range 1 to 15 bar.

30 26. A process according to any one of the preceding claims wherein the
carboxylic acid product is acetic acid.

35
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reacti on zone (2) through line (15). The concentration of carbon nonoxide

in this stream was approxi matelly 75%v¥v for each Exanple. Exanple 11 was

designed to determine the effects of feeding inpure carbon nonoxide into

t he second reaction zone (2). This stream contai ned 70% v/v 25 car bon

nonoxi de, 25% v/ v nitrogen and 5% v/v hydrogen. The results of Exanples 7 to

11 are given in Table 2. 13 14 Table 2 Exanple 7 Exanpl e 8 Exanple 9
0 .

Exanpl e 10 Exanple 11 HP O fgas feed 56

19 121 0 (g/hr) Additional feed 0

0 0 o . 175 (g/hr) CO converted (g/hr)
104 148 123 ABSTRACT 167 Primary reactor
187. 2 186. 8 _ 187. 3 187.5 . 188. 8 tenperature
([err]C) Reactor [Ir] (ppm 1230 1190 1180

1180 1130 Reactor [Ru] (ppm - - 1660 1550

1560 15GRIDIUM-CATALNSED CAKBONYIATION PROCESS FOR THE

PRODUCTION OF A CARBOXYLIC ACID

A process for the production of a carboxylic acid having n+1 carbon atoms
comprises (a) carbonylating with carbon monoxide in a first reaction zone at
elevated temperature and pressure an alkyl alcohol having n carbon atoms and/or a
reactive derivative thereof to produce a carboxylic acid having n+1 carbon atoms in
a liquid reaction composition comprising carboxylic acid product, an iridium
cataiyst, an alkyl halide co-catalyst, water, an ester of the carboxylic acid product
and the alkyl alcohol, and optionally one or more promoters, (b) withdrawing from
the first reaction zone at least a portion of the liquid reaction composition together
with dissolved and/or entrained carbon monoxide, and passing at least a portion of
the withdrawn liquid reaction composition and carbon monoxide to a second

‘reaction zone, ((c)reacting at least 1% of the dissolved and/or entrained carbon
monoxide in the withdrawn reaction corﬁposition by further carbonylation at
elevated temperature and pressure in the second reaction zone to produce further
carboxylic acid product.

FIG.1



15 daims: 1. A process for the ‘production of a carboxylic acid having
n+1l garbon atons whi ch process conprises (a) ‘earbonylating with carbon
nonoxide in a first reaction zone at el evated tenperature and pressure an
al kyl- al cohol having n carbon atons and/or a reactive derivative thereof to
produce a carboxylic acid having n+l carbon 5 atons in a liquid reaction
conposi tion conprising carboxylic acid product, an iridiumcatalyst, an

al kyl halide co-catalyst, water, an ép'a& of the carboxylic acid product
and the al kyl al cohol, and optionally one or nore pronoters, (b) -

wi thdrawing fromthe first reaction zone at |east a portion of the liquid
reacti on conposition together with dissolved and/or entrai ned carbon
nonoxi de, and 10 passing at |least a portion of the withdrawn liquid
reacti on conposition and carbon nonoxi de to a second reaction zone, (c)
reacting at |east 1% of the dissol vd&dand/ or entrained carbon nonoxide in
the withdrawn reaction conposition y=fmrther carbonylation at el evated
tenperature and pressure in the sec =r-eacti on zone to produce further
carboxylic acid product. 15 2. hgocess according to claim11 wherein
substantially all the liquid reaction cOnposition together with dissol ved
and/ or entrained carbon nonoxi de withgrawn fromthe first reaction zone is
passed to the second reaction zone. 3. A process according to either
claiml1 or claim2 wherein netham and/ or methyl acetate are carbonyl ated
Wi th carbon nonoxide in the first re on zone. 20 4. A process

a

according to any one of the precedi ng ios _whe 01| 1 rations of
the ester of the carboxylic acid prof and the al kyl alcohol §n the first
and second reaction zones are independgertt|y i n-tdhe range from 3|to 35% by
wei ght. 5. A process according to #hy one oftthe preceding clains

wherein the 25 concentration$ of water in t FFhuid reaction
conpositions in the first and $ecQad 15
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16 reaction zones are independently in the range froml to 10% by wei ght.

6. , A process according to any one of the preceding clainms wherein the
concentrations of alkyl halide in the Itquid reaction conpositions in the
first and second reaction zones are independently inn the range from2 to
16% by weight. 5 7. A process according to any one of the preceding
clains wherein the concentrations of ;rggiridiunlcatalyst inthe liquid
reaction conpositions of the first an ond reactors is in the range from
100 to 6000 ppm by wei ght of iridium 8. A process according to any one
of the preceding clains wherein.the |liquid reaction conpositions
additionally conprise as pronoter one or nore of ruthenium 10 and osm um
9. A process according to claim8 wherein the pronoter is present in the
liquid reaction conpositions at a nolar ratio of each pronoter to iridium
of [up to 10]:1. 10. A process according to any one of the preceding

cl ai e when operated in the substantial absence of added iodide salt. 15
11. A process according to any one of the preceding clains wherein in the
first reaction zone the tenperature of the carbonylation reaction is in the
range 150 to 220[err]C and the pressure is in the range 1580 50 barg. 12.
A process according to any one of the preceding clains wheldin in the
second reaction zone the reaction tenperature is in the rafge 150 to
230[err]C and the 20 pressure is in the range 15 to 100 parg. 13. A
process according to any one of the preceding clains wherefp the residence
time of liquid reaction confditigmin the sedd reactionfzone is in the

range 5 to 300 seconds. 14. A prdcess accordilpg to any oBE of the
i introduced to the serond reaction
t_introdu dtothe“tone as

precedi ng cl ai ns wherein fgher
zone car bon nonoxi de Jln ad&di t
di ssol ved and/or entr&i ned ca
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15. A process according to claim 14 wherein the additional carbon
nonoxi.deé is high pressure offgas fromthe-first reaction zone. 16. A
process according to any one of the preceding clains wherein greater 30 .
than 25% of the dissolved and/ or entrai ned carbon nonoxide in the w thdrawn
reaction conposition fromthe first reaction zone is consuned in the second
reaction zone. 17. A process accoralﬁb.to any one of the preceding clains
wherein at |east 95% of the dissolved and/or entrained carbon nonoxide in
the wi thdrawn reaction 35 conposition fromthe first reaction zone is
consuned in the second reaction zone. 17 18. A process according to
any one of the preceding clains mhereln the anount of carbon nonoxide in
the second liquid conposition with fromthe second reaction zone is
reduced to maintain at |east 20@6n9Es§n t he di ssol ved and/ or

entrai ned gases therein and is conpri of nreacted entrai ned and/or 5

di ssol ved and/or additional carbon nonoxi de. A process according to
any one of the preceding lQer ei n the'flrst and second reaction zones
are mai ntained in separat ‘ vessels with nmeans for w thdraw ng from
the first reaction vessel ngato the second reaction vessel liquid
reaction conposition fro eaction vessel with dissolved 10
and/ or entrained carbon ifde. ) A process accordin o claim19
wherein the second reactipn véssel fconprises a section 9%?3@%? bet ween t he
first reaction vessel and i d] reacti op conposrtion ng val ve. 21.
A process according to clpi rein the first reaction vessel is 15
operated as a |iquid-full d reaqtof in fluidic communication with

t he N\\~E;
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second regaction vessel. 22. A process according to claim2l1 wherein the
second ‘reactor is operated as a bubble colum reactor with |imted back

m xi ng. 23. A process according to any one of clainms | to 18 wherein the
second 20 reaction zone conprises a relatively qui escent reaction zone
within a reactor in the main body of which is housed the first reaction
zone. 24. A process according to cba' @23 wherein the reactor is
partitioned into a first reaction zone.form ng a major proportion of the
reaction space and having agitation neans therein and a second snaller
reaction zone having no agitation 25 nmeans, the second reaction zone
being in liquid communication with the first reaction zone. 25. A process
according to any one of the preceding clains wherein the carbon nonoxide
partial pressure in the first and second reaction zones is independently in
the range 1 to 15 bar. 30 26. A process according to any one of the
precedi ng clains wherein the carboxylic acid product is acetic acid. 35 17
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