WO 03/ 097567 PCT/ GB03/ 01592 PROCESS FOR THE PRODUCTI ON OF ACETI C ACI D The
present invention relates to a process for the production of acetic acid by
t he carbwoyBasisen of nmethanol and in particular to a pro®eTsHGHNIIRE
production of acetic acid by the carbonylation of nethanol in the presence
of an iridiumcarbonyl ation catalyst and a rutheniumpronoter. 5 The
production of acetic acid by the carbonylation of nethanol in the presence
of an iridiumcatalyst and ruthenium pronoter is described for exanple in
US 5672743, EP-A-0752406, EP-A-0849248, EP-A-0849249, EP-A-0849250,

EP- A- 0999198 and EP-A-1002785. In such liquid phase carbonyl ation
processes, the acetic acid product may be recovered by w thdraw ng the

| i qui d carbonyl ation conposition fromthe 10 carbonyl ati on react or

subj ecting the conposition to one or nore separation stages to recover the
acetic acid product and returning other conmponents of the conposition to
the carbonyl ation reactor. The stability of the iridium carbonylation

catal yst during the product recovery stage has been the subject of several
pat ent applications such as for exanple WO 96/ 14286 15 and EP- A-0616997. US
5,237,097 relates to a carbonyl ation process in which the |liquid

carbonyl ation product solution is conveyed to a separation zone nuai ntai ned
at a lower total pressure than is the pressure in the reaction zone and
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be preferably rhodju t heni u al | adium cobalt and. n kel , of which
rhodi um cadweayk ?tlorh%n%}’é'%glan‘éfrbpagé?@art%a@éocﬁésr%"glﬂpéf” yrtiop é?ert‘é&‘”élnd only
rhodi um i F Rirkidhth @6tboR)laliEcddipdms. 1 WO
03/ 09756'P§'I51251T% gd%%ggbegﬁﬁg%%gS@gmﬁfat eg to ppoiégsls (f:or purifying a
car boxyl iaad acutedinmgtromnteabt ai ned by liquid phase car bonyl ation in which
vol atile |r|d|un1 nd/ or .vol.ati '
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EP-A-0752406, EP-A-0849248, EP-A-0849249, EP-A-0849250, EP-A-0999198 and
EP-A-1002785. In such liquid phase carbonylation processes, the acetic acid product

may be recovered by withdrawing the liquid carbonylation composition from the

10  carbonylation reactor subjecting the composition to one or more separation stages to
recover the acetic acid product and returning other components of the composition to
the carbonylation reactor.

The stability of the iridium carbonylation catalyst during the product recovery stage
has been the subject of several patent applications such as for example WO 96/14286

15 and EP-A-0616997.

US 5,237,097 relates to a carbonylation process in which the liquid carbonylation
product solution is conveyed to a separation zone maintained at a lower total pressure
than is the pressure in the reaction zone and simultaneously, there is introduced a carbon
monoxide-containing gas contributing a partial pressure of up to 30 psia of the total

20  pressure in the separation zone. The Group VIII metal-containing catalyst is said to be
preferably rhodium, ruthenium, palladium, cobalt and nickel, of which rhodium, cobalt
and nickel are said to be particularly preferred and only rhodium is illustrated by

example and is the subject of the claims.



5 pressure of carbon nonoxide |ess than that of the carbonylation reaction.
It is stated therein that the partial pressure of carbon nonoxi de may be
fromO towboasisepreferably |ess than 0.25 bar. The issuecafGRBacigpitation
in the catalyst recycle loop is not considered. It has been found that
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Thus there remains a need for an improved carbonylation process in which

promoter and/or catalyst losses due to the formation of solids during acetic acid product
recovery are reduced.

20 It has now been found that by maintaining a defined amount of carbon monoxide
during the acetic acid recovery stage and optional further reaction zone(s), the stability
of the catalyst system may be improved and losses reduced.

Thus, according to the present invention there is provided a process for the
production of acetic acid which process comprises the steps of (1) carbonylating

25  methanol and/or a reactive derivative thereof in a first carbonylation reaction zone in a
liquid reaction composition comprising iridium carbonylation catalyst, ruthenium
promoter, methyl iodide co-catalyst, methyl acetate, acetic acid and water;

(2) withdrawing liquid reaction composition together with dissolved and/or entrained
carbon monoxide and other gases from said carbonylation reaction zone;

30  (3) optionally passing said withdrawn liquid reaction composition through one or more
further reaction zones to consume at least a portion of the dissolved and/or entrained
carbon monoxide;

(4) passing said composition from step (2) and optional step (3) into one or more flash
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separation stages to form (i) a vapour fraction conprising condensable

conponents and | ow pressure off-gas, the condensabl e conponents conprising
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instability during the acetic acid product recovery stages. 20 Wthout
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whi |l st a acemrtlmgrtoahrmfmhukaf instability can be tolerated since any
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defined level. This has been found to reduce the losses of promoter and/or catalyst due

to instability during the acetic acid product recovery stages.

20 Without wishing to be bound by any theory, it is believed that the precipitation
is, at least in part, due to the formation of polymeric forms of the ruthenium promoter in
the flash separation zone. ‘

It has been found that whilst a certain amount of instability can be tolerated
since any precipitated solids can be re-dissolved on return to the carbonylation reactor,

25  if the instability exceeds a certain level, the rate of dissolution is less than the rate of
precipitation and there is a decrease in the amount of ruthenium promoter and iridium
catalyst in the reactor. This requires the addition of more promoter and catalyst in order
to maintain overall reactor activity.

The precipitated solid can itself present operational problems such as loss of

30  material and blocking of process and/or instrument lines.

The first reaction zone may comprise a conventional liquid-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, more preferably 15 to 50
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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 bar g,womsepseferably 15 to 50 3 WO 03/ 097567 PCT/ CBe8r@iEmsA1s9ar g and
yet nore preferably 18 to 35 barg. The tenperature of the carbonylation
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and/ or engpaitegecondrbmiionvesyl ey canmise hdeeaven dfipopa bdreedn thsfirsteact i on zone
and at |east a portion of the wthdrawn |iguid and di s%ol ved and/ or
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hi gher. The second reaction zone may be operated at a reaction pressure in
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Preferably, the reaction pressure int second reacti zone .is equal to
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is 25 suitably in the range 5 to 300 seconds, preferably 10 to 100 seconds.

Ther e rmaywitsirawn frouutbe dirst seactien sanedn gassechiorthe peeppdEcagtipbennenonoxi de in

addi tion to thaf, L0 AUNGRH bl AT b8 B5AAA LPARLbASh ARG f 88 ged and/ or
100 to 300°C, preferably in the range 150 to 230°C. The second reaction zone may be

20  operated at a temperature higher than the first reaction zone, typically up to 20°C higher.
The second reaction zone may be operated at a reaction pressure in the range 10 to 200
barg, preferably in the range 15 to 100 barg. Preferably, the reaction pressure in the
second reaction zone is equal to or less than the reaction pressure in the first reaction
zone. The residence time of liquid reaction composition in the second reaction zone is

25  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 with the first
liquid reaction composition prior to introduction to the second reaction zone and/or may

30 be fed separately to one or more locations within the second reaction zone. Such
additional carbon monoxide may contain impurities, such as for example H;, Ny, CO,
and CH,4. The additional carbon monoxide may be comprised of high pressure off-gas

from the first reaction zone which could advantageously allow the first reaction zone to
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car bon nonoxi de. Such additional carbon nonoxide may be co joined wth the
first liquid reaction conposition prior to introduction to the second
reacti on wore/arsd? or may 30 be fed separately to one or nwca/drRIcaiiens

wi thin the second reaction zone. Such additional carbon nonoxi de nmay
contain inpurities, such as for exanple H2, N2, CO2 and CH4. The

addi t i on&E operatsdat rbighsi € prespulsevidoip Fesybimedngher flavpicgthonaneifoxidgas  from

the first re i [ I Vi | y: t ] reaction
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wi t h t he féreshigh pregsute gffegas idemmenf. car bon nonoxi de being fed to the second
reaction zone. Additionally it could elimnate the rﬁqui rement for a high

pressure of f - d48 addiignalaron MAnoXidaimaYGHs becoruBiseh 8hanathee calynal so be
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exanpl e a carbon nono e-rich stream from another plant. Preferably
great er ftilvanar®¥ér piamt.e preferably greater than 25% even nore preferably

greater than 50% r exanple at |east 95% of the dissolved and/or

ent r ai ned _caib‘ﬁg a rﬁfﬁ?tﬁfgtg?’hl@ﬁemﬁfe_tmﬁtg%ﬂ@y gg%&fﬁ’ﬁﬂzg&rﬁ‘()@‘???}n fromthe
first reagdslQplyZ008fer than 36%CRDEXIIRSe hiledshOSESELME i8Il RY/E00 rained t he
process oOf the present invention, suitable reactive derivatives of nethanol

i ncl ude ratbly monoridatiethedyithsirawyn regetiaey commpsitenHiom thedirgtaeagtionizepeise of
met hzgol and heagtgei veond rrie/at ineés t hereof may be used as reactants in the
procelds §PIUMEdpp BESSTONGTSRLINiZ8AC Water is required as co-reactant for

ether or est el fiRGRbARE 6f thEpedseritamtentiod, 3ultEld aaolivadsiivativessfinydthaobt ate are
used as reactants. At | east sone of the nethanol and/or reactive derivative

t her eof whdlideraethylase@te, dimetby! ethed apdmetypiodidend mixturgef mgthagelandt e in t he
e I b ¢ . N 4 e Nuct
or o1 vertacti BrEATERShHEREmaY be LEAGK PR A FofasRPIE AR C RO o

reacti on i@@NBOEIWhaten redquitedeis toradctaanthr sthepodesteaedctas. PasfesbB) ar e
i ndependently in the range 1 to 70% by weight, nore preferably 2 to 50% by
wei g, maskanopandyerraethyl agetate a6 vsashas FRACHRES- Wat er may be formed in situ in

the | ' qui d re%‘léa@? (ﬁgér%ﬁﬁé teBfAfol Jn%é%%m?é @eri\;%.yi(\j'e et SlifbEf 1 cation

reacti on between ne reactant and acetic acid product. Water
converted to, and hence present as, methyl acetate in the liquid reaction composition by

reaction with the carboxylic acid product or solvent. Preferably, the concentrations of
methyl acetate in the liquid reaction compositions in the first and second reaction zones
20  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 example, by
the esterification reaction between methanol reactant and acetic acid product. Water
may be introduced independently to the first and second carbonylation reaction zones
25  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 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
30 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.
Preferably, the concentration of methyl iodide co-catalyst in the liquid

carbonylation reaction compositions in the first and second reaction zones is
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may be introduced independently to the first and second carbonyl ati on
reaction zones 25 together with or separately from other conponents of the
i quid r ewotisea7sepnposi tions. Water may be separated fromcatdms/ocdrponent s
of reaction conmpositions withdrawn fromthe reaction zones and may be

recycled in controlled amounts to maintain th equj red concentration of
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of water int l: L: GhM 3 IHoh @Bspb&itibRe;nftl nd 30
Feact i on zoned R B o B e o ™ o e
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is 5 SVchﬁ{fnggaéﬁgin% ls63B3¢ BEaShich SQIRRAR Md quid rdabfor @gRsikioh® 20% by

wei ght, preferably 2 to 16% by weight. The iridiumcatalyst in the liquid
react i on ardngasertiblerts a solubteforiny Preferablydbe sriummeayche usad 2paeklordy conpri se

any iridiumcontaini ng conpound ich is.soluble in.t | 1 gui action
conposi t ifg‘?w.(’m!aﬂgnﬁ‘}c i ﬁ%r@%tfsa}"{)gﬁ aFFa%?Ihgoée addéd rtnl(’)&f2 ﬁgﬁﬁei]hqﬁl?&cjigefg%g)gt ion 5
conposi t i @fpokifloRBYmBohdne ke eknpleWitsandios aedticasid ahdisoendy bukidded gAaCt i on
conpositions or is convertible to a soluble form Preferably the iridium
may be udbereaetion asisobitioge thefein eExasmpiesefcubaltlp iddjuBceonititag GANBOINME e sol ubl e

, S . ) e T I
:Ng.t g:i% a(r)I(rJW}B? { rglggfoetag&d tlaq%én dé% %%‘g?&ﬂ%ong@gggﬁ;l%&ﬂ?%g@g% nts or exanpl e

_ tre aci 0 A dt action as solutions
added t o TG 2 L TR T M IEb R LRI PR CppR ) #e o T B
11 (o) oBORETHE| I E DO AL el Sy SR A 1,
|1 (acac) (S T aidanpsal 130G hRea e O TG apanl gt 96 conc) . and
71 ar um SyeR GASRE G TROALER po R L RRAR e HBCA prk R ERrfRIR: LS ©
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of the first and second reaction zones Is independently in the range 100 to
6000 ppm by wdirgfatabdy, the ¢aicentrativh ef thequdidnr extadyst omthediguobienitins i n t he
first andco?n%%giggnsr gfatﬁté iﬁ?srt] ahd Second reaction zones is independently in the range 100 to

6000 ppm by weight of iridium.
The liquid reaction compositions in the first and second reaction zones

20  additionally comprise at least one ruthenium promoter. The promoter may comprise

any ruthenium-containing compound which is soluble in the liquid reaction
compositions. The ruthenium 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 ruthenium promoter compound may be

25  used as chloride-free compounds such as acetates which are soluble in one or more of

the liquid reaction composition components, for example water and/or acetic acid and
so may be added to the reaction as solutions therein.
Examples of suitable ruthenium-containing compounds which may be used

include ruthenium (III) chloride, ruthenium (IIT) chloride trihydrate, ruthenium (IV)

30 chloride, ruthenium (III) bromide, ruthenium (III) iodide, ruthenium metal, ruthenium
oxides, ruthenium (UI) formate, [Ru(CO)313]"H, tetra(aceto)chlororuthenium(l, IIT),

ruthenium (III) acetate, ruthenium (III) propionate, ruthenium (III) butyrate, ruthenium
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20 additionally conprise at |east one rutheniumpronoter. The pronoter may
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i odi des vitiecRthamiym; pEpIBTer 15 {aably REsSPRn ﬂfediq EGIpliQIT compasyfqns gt a 5 kaI i ne

earth nmetal, of %)sz{chm%lu rbfoter rlﬁh ml t)ic r&n%gl[ 6419 00) UFEPJWI ty : n the

present in an effective anou uptot its
l'i qui d r §aehieothan Orf}ds imoroprsfaaatdy {Jg*reaawhdm 11111 dnd)pnafmsbiy [wt wekidd maeycl ed to
t he carbony] atjon rezglston zones fr acid recovery stage. The

acet | g
r ut heAi ur$EGRetEP 1§ adyyRt ynose Brseg‘?ﬁ‘bl?’ﬁ 'i’?elq]l qui d reaction conpositions

at a nolar raxtﬂe%oﬁéen%a% st @w@?tﬁme liduidedBfidrcdabystiangm [0. 1 to
100]: 1, preferably [greater than 1, nore preferably [greater than

1] : 1 and epcledfthalitsy afidipecond E@Ftidn mueelsmdpp@rﬂemtébb lgss tham GOGO pBIL- 1A and yet
fror € pr Efsalteﬂgggrto&%ﬁerccg%e ]iah)rbhgs ﬁogﬁ(?dqt})rnqtslug asOEO(ftho%labum promoter in

the Iiqui
Although in general it is preferred to operate the process in the substantial

20  absence of added iodide salt, i.e. a salt generating or dissociating an iodide ion, it 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

25  composition as these may generally have an adverse effect on the reaction by generating
I in the liquid reaction composition which has an adverse effect on the reaction rate.
Some corrosion metal contaminants such as for example molybdenum have been found
to be less susceptible to the generation of I'. Corrosion metals which have an adverse
effect on the reaction rate may be minimised by using suitable corrosion resistant

30  materials of construction. Similarly, 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
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each of the first and second reaction zones is, independently, |ess than
6000 ppm A suitable pronoter concentration is 400 to 5000 ppm such as
2000 to 4®@003pprss7 Al t hough in general it is preferred to eoarGios/oide

process in the substantial 20 absence of added iodide salt, i.e. a salt
generating or dissociati ng an iodide ion, it may bhe possible under certain
condi t i odescribed 1 @ 410974 38n Preferably, ionrcccombinipanss are&spbeleat ami nant s such

as, for %ﬁ%ﬂ%ﬁt}ioxﬁﬂ%h‘fﬁ{%@lﬁ%ﬁldﬁ%@a&le&‘%&i 500 i Y, BlegdiBlly 145 @nand

chrom um-a osp trogen-cont ai ni'ng conpounds or |igands

whi ch nmaps0 gpatleinrths Bquid redction cahpaestittbrh enckepriefdrabl g less tham it ppm El | mi nated in
the liquid reaction 25 conposition.as these y general l ave an adverse
effect on the T&‘E& PBH“OW;‘T@Eﬁ@CE?PF fog the Ga%%yFaﬁ@n??alﬁHP’E{s IF%%B? Fﬁﬁntlf%lﬁposi tion
whi chshas,,an, AA%er i ifeRGhpaRitQick §aCHHANIIbAIE; meRIME nRRIEASIBR et al
contam nants such as for exanpl e nol ybdenum have been foun to be less

suscept i lgasess watehandgdentr @4 pamifofic hEiro@obanss iTba praserdeoflilsigemimtbe an adver se
effect on the reaction rate may be m nim sed sg%liusi ng suitable corrosion
r esi st antcatbon mranexidgiaad genesaied iy idttydhe walerassisy reasbon wRresrmbY kapEh as

al kal i | .1 odi , | Lhi L.odi pt to a
m ni rrumm:f Tﬁoﬁg)?agﬂﬁ%éef%ﬁﬁ%]ng%(%ﬁgfd Hoetrséyé 75:5 lr‘%%@?"??’?"é"?%fg‘t}gﬁ‘rtéguced by the
use of a fomdtiallof hiydrogaaabapgriucesThe patial edsnmadf datven mesxidedn the

conposition, qr preferably a catal yst recycle stream Such process is 7
WO 03009 B8 ANPEIFoRBESICHE gones dpsita lbfé’éflqpﬁn‘fﬂéﬁx,“b@?,ri%.l o &% Fabl y, ionic
contamn thaP LW ni k@it gy at which they woul d generate
| ess thagﬁ%‘gﬁg{gﬁlm&?? bSr e#(grg el&ﬁgésbqszyt hﬁn 250 ppm 1" in the liquid
reacti on conpadsietic acid pratuet paeberabvered fem thhsarobd rqapnon zone®nd car bon

nmonoxi de reactant for the carbonyl ati on reactions nma essent. al | 5
pure or r?ayo%\?{ttagqﬁhqrﬁf@ orj SﬁBQIP‘ie{yl tggm ﬁfshga@éﬂ“b@ﬂe éygﬁﬁlaggpa ﬂ'ang,

ni trogen, AA8S AquitRbRiioR B6nfdsitih i$paRkad & 4 HRdhin W HeQs24 AfhEng The
pr esencelg;ﬂg%%?ggeﬁ i?\ult he 18ar bogésrlmnolglf’?ie and gener%t ec? in si tugby t he

wat erl5gawabiei fThe flestcseparatipg zpneghay bbhiryadieptic flagwyesbdroranagrpve, | ess than 1
nycir bgendeP e AT eaUE By 1° PRERERARFERE ap BT L wiTblSnshBRTi Y Che 10
first andnges9nd thSaaiun®Bat@i9Resditse mblofiabbfithe AMRRRRE pRSthdtet B sthigate@nge 1 to
70 bar, reférably 1 to 35 bar and nore preferably 1 to 15 bar. Acetic
aci d pr odtam a yagous drae BerbeERRsIsing asaiie ped.saronylafableicpeiant WA ardy
methyl iodide carbonylation co-catalyst and non-condensable gases such as nitrogen,
20  carbon monoxide, hydrogen and carbon dioxide; the liquid fraction being recycled to
the first reaction zone and the vapour fraction being passed to one or more distillation
zones. In a first distillation zone acetic acid product is separated from the light
components (methyl iodide and methyl acetate). The light components are removed
overhead, and recycled to the first and/or second reaction zones. Also removed
25 ovérhead is a low pressure off-gas comprising the non-condensable gases such as
nitrogen, carbon monoxide, hydrogen and carbon dioxide. Such a low-pressure off-gas
stream may be passed through an off-gas treatment section to remove condensable
materials such as methyl iodide, prior to being vented to atmosphere, for example, via a
flare.
30 In accordance with the present invention, the concentration of carbon monoxide
in the low pressure off-gas must be greater than a concentration defined by the
concentration of ruthenium according to the formula Y > mX +C.

Suitably, the concentration of carbon monoxide in the low pressure off gas is at
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optionally together with or separately fromthe first reaction zone by

flash separation. In flash separation |iquid reaction conposition is passed
to a fl aswongogeee via a flashing 15 valve. The fl ash separaiBooni®one nmay
be an adiabatic flash vessel or may have additional heating nmeans. In the

flash separation zone a |iquid frgction conprisjing. the jority of the
i ridi um deashPqmpl Fnauahas 3dp 6P i“togﬂo%orteﬁ%mmﬁt Hé-a? al frioddhertheiirpar at ed
froma v . i . ! R o e reactant,
wat er an%gﬁ%@? {1/ ?’otg?ldg‘gggédgg%@?oa@lﬁ %&ti%éggg%?ggﬁgﬂg&%ﬁ@ébndensabI e
gases such as Paeferabhe the @0cantmabomofhamon menoxigaindhe ovapdssae bidigaslisoxi de;

the liquid fraction bei ecycled t t first reaction. zone and the
vapour f@&@@?tgﬁ e {qurﬁgzgasbiﬁlr{tﬁe%egp_tﬁgﬁgo&i Z’taf’flﬁgtriu MPbnes. In a first
di sti k| athRebngafieh AGRE liGuid eéLdtios %?&sit’i(ﬁl {5 P a6 80®pimh @zweh@t.l i ght
conponents (nethyl iodide and nethyl acetate). The _Ilg t conponents are
renoved over Rdent prefandblye thesoneentratieef ¢arban mapeyids indBe Invpicesaee ¢6n zones.
Al so removed over he is.a_lo e r ff-0as i,sing the
non-conde%ﬁ‘%éfﬁ\%iea %isé@ogﬂc%ucgs?s mnt:ﬁ ?%nggE?ljg tggrgé)or%%nqoaﬁlg%@@ﬁy rogen and

carbon dicgxédEratiymnhalihgwr@icess uspaitiorgiasp t6 55@apprdy wWatghpassed t hrough
an off-gas treatnent section to renpove condensable nmaterjals. such as

met hyl i odi de,Thsracetic acid prefwrgd\nrtheprocess #eeRsdipRd? Ehe resentinypiion may a a
flar 30 | . W . r j j - i.on of
car baf s s PR g eRube pRloBSED ol AR ARpel ARIERRART e
concent r giiparitiekaduch asglwhier, uheeacted oadohylatiororactintrantiioe pitandeaatveli ng to the
formula Y > nX +C. Suit apl ){) tg% concentration of carbon nonoxide in the

| ow pr esdhereofomd higher-beiligg byprogyctiz/ 097567 PCT/ GB03/ 01592 | east 30 mol %
such as 30 to "ﬁ%;ﬁ(ﬁée%/% of BE 8%%\%nti§r@fsﬁ%ef@ﬁ'b%9 forinB§ a§ b tHRHuLMR
concentration in‘the lrquird reaction conpositiion is up to 3000 ppm by

wei ght. Rrefess.abl y, the concentration of carbon nmonoxide in the | ow

pressure off s is at least R0 | 9% preferably.in the ran 50 to 60
mol . 19 and t hel HeURFFRRS ‘B?ﬁr’é‘oeaﬂﬁé‘ﬁ%‘ﬁlﬂﬁp%tw Phkay %{{] PRSIy iagﬁwétg‘rrposi tion
i's up to BRAO PRIMHEYolSHigH Exal{Ples ald BigBfeahland 2t PRueON e dchahh@n of carbon
nonoxide in the |ow pressure off gas Is at |east” 55 nol % such as in the

range 55 diggréiS oftie. apparand usérbinthe Buamnples. Bighisehis nagrapinofithe etfects ofgui d
reaction c%%gﬁorﬁ(')&o'x?d} and r&geﬁingCSOggen%%H]orp ¥n \é\c‘)‘aﬁcgr}])trécipitation.

20 Experiment A and Examples/Experiments 1 -18.

The apparatus used is shown in Figure 1. 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 distillation column (not shown).

Commercial grade methanol, which has been used to scrub the off-gas was

25  carbonylated in the 6 litre primary reactor (1) in the presence of an iridium
carbonylation catalyst and a ruthenium promoter at a pressure of 27.6 barg (2.76 x 10°
N/mz) and a temperature of 190°C. The primary reactor (1) was fitted with a
stirrer/propeller (4) and a baffle cage (not shown) to ensure intimate mixing of the liquid
and gaseous reactants. Carbon monoxide was supplied from pressure bottles, to the

30  primary reactor (1) via a sparge (5) fitted beneath the stirrer (4). To minimise iron
ingress into the primary reactor (1) the carbon monoxide was passed through a carbon
filter (not shown). A jacket (not shown), through which the hot oil is circulated,

enabled the reaction liquid in the primary reactor (1) to be maintained at a constant
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The acetic acid produced by the process according to the present invention
may 10 be further purified by conventional processes, for exanple further
di still atworm3tegrssenove inpurities such as water, unreact@dTaBboOmkati on
reactant and/or ester derivative thereof and higher-boiling by pr oduct s.

The process of the present inventi r erfornmed
cont i nuod%aCUBPé‘“d’é%f’ég 5 A EMpRsE (H‘toﬂ? E{ﬁoﬁi gﬁrfr%uﬁ%\ﬁl‘%@‘?? Ek"t‘%\t ed by

way of exganpl rgﬂ}ayreé@gll YUCBtIEd oﬁ%&%%@ﬁa&@lé 1oep ks igu. NEhiEaBh&ate@nd
Figures 1 an gure Is a schematic diagramof the apparatus used in

t he Exanyk 8 °C En@] wraeldzatleé oa tiyr mpttondutichéflahing dins) iimediatelyoip-sisaoxdide and

rutheniu ent n,solids Bprec i t,ati erinment A and
Exanpl es/t ﬂ%sﬁ’l‘ %ﬂei@lmﬂyeas &Sﬁr ‘?E%at?.fg@ 10fls}m§ﬁ§x in Figure 1. Wth
refergnce to FHg@nirge hefthlhigAPesiusd of5 g8OWRS tehfRFed fi%hi the ALY RN (1)
car bonyl ati on reactor (1), a secondary carbonylation reactor (2), a flash

tank (3) taredghlioe 60 I wias pepsed dhigneh ¢ Aordeasrsryt sShowmhkaferiedhe picasdes wat hanol |,
whi ch has, b d t Lf the 6
Tt re pr e LS ity i pliiEoRe iRl i e £RoBHERRRELERIAT, L0 0

cat al yst raqfiod cobuipbgtioniWapivithidrhen fRtm &egfrﬁﬁﬂyﬂ*@e&fr(@?dcﬁvrbaﬁtgl vel® x 106
N'n2) and a tenperature of 190C. The rlmari/ react was fitted with a

stirrer/ pidlieg (Bintp dhe Hash tapkdd) pnder geaghor lovs @W@W t?%ﬂéﬂk%}?lé@)ﬁ]?‘f mat e
M X1 NG OMichfFreabth c%mp%teﬂogmgg&emmeta esSRER i 480X { s Y3° suppl i ed

rompress o the primary r actor Yy via a sparge (5)
fitted bawedd)hTheessiting nextufedyf. vapourrand liquslewasrseparatedgthe satalyst-oclt he pri mary

reactor (1) .the carbo noxi de was u rbo filte not
Chowry Ak Rat B SHBWRymaBHFGUGH MR HRE L1I8 SROpUIap gtk dhed
enabl ed tfy sgﬁ%sstod ?&dlthﬁﬂgﬁaﬁ&nis@@?a%rtl?(enr(ﬁl%ﬁl?'fnt& e dx%lf&ﬁoﬁ@blﬂhﬁh‘ ned at
a const ant 310975677 PCT/ GB03/'01592 reaction tenperature.

measur e dhot shewnpbevapbusol i ds formation, the rate of fouling on a near
red cell |l ocated on, t

oper dted at SRR OO BT Kot Aresia §F Tatere i £ stk et ne)
i mredi at alih 1Btasibh @@RELSuch ke tHe! s bxibny ﬂie\fﬁ‘rmaﬂ:? eabfddl(1 NGthepgass@asur ed as
absorption units/day. 5 To pur e inerts, high pressure off-gas was renoved
f rom t he directintosthe éé@hlng vglyg or rectly through the secondary reactor (2) to the flashing
valve. The secondary reactor (2) comprised a pipe of diameter 2.5cm, length 30 cm and
together with associated pipework had a volume of either apprdximately 4% or 8% of
20  the primary reactor (1). The pipe was placed in parallel to the flashing line (9), and was
provided with a supply of additional carbon monoxide via line 14. The secondary
reactor (2) was operated at the same pressure as the primary reactor (1).
The vapour from the demister (12) entered the distillation column (not shown)
where aqueous acetic acid was recovered from the vapour through a side draw-off (not
25  shown) of the distillation column (not shown) and was further purified and dried in a
purification system (not-shown) and a low pressure off-gas comprising carbon

monoxide was passed to a scrubber (not shown) before being flared.

Experiment A

Using the apparatus and method as described with reference to Figure 1 and
30  wherein the flow exiting the primary reactor (1) passes directly to the flashing valve
(that is no secondary reactor was employed) methanol was carbonylated in the primary
reactor (1) at 190°C and a total pressure of 27.6 barg (2.76 x10® N/m?). A liquid reaction

composition was withdrawn from the primary reactor (1) through line (9). The liquid
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through line (6). It was passed through a condenser (not shown) before the
pressure was dropped across valve (7) and prior to being fed into the

scr ubbi ngweyserss7 Li quid reaction conposition was w t hdr @em/dBomisde
primary reactor (1) down a still well (8) vialine (9) into the flash tank
(3) under reactor level control. In th? flash tank (3) the 10 liquid

react i on reasHABSPMPOHIIQRE the REWAY el (€ beonpised approxyhately 780 By ! 1 48 x

105 N Tl GRSHbURGRL D0, B BREUmANG LA oS seRpialid: Lhe

catal yst-rich S returned-to he primary reac (10)
and punp weiglit o$ Imam,) apprakimhely 308p by wevghs oﬁaseﬂedcrdhtltﬁﬁ)gipnaoﬂmdlmn end (12) and

th di t] to th il]at . . 15 A
Secondar yasbergr e, dba feuyliescltn SERBEN o e (B BEFRG G, O and

fitted WtdqisMeatasR er\é?ﬂtﬁbﬁ%e%képq?) b Eteﬂ Rea Fie@é’ﬂr@&f i MS‘Gartgk(q? 481 fAT Y
reactor (1) elther passed direct o the ashing valve or directly

t hr ough thNWex® };él‘cb@maialozﬁ fouding s n(ezgur@d)uslh@netara@fm rry anglysis@s dyeeibedcondary
react or ised, a ter 2.5cm length 30 cmand together
with assg‘gg’ﬁ tbf’ beé%??{%ﬁg%lwﬁu\/’g"}bg%' of either approximtely 4% or 8% of
20 the preJymms e|1eact or (1). The pipe was placed in parallel to the flashing

line (9), an provided with a supply of additional carbon nonoxide via
line 14. The sléeclag@arappara@aémd)me(hgyl dﬂ%lb%é’ﬂthtré@fe@@e thiiggeente Msthaselir e as

h h
éll gtl Ir: g?v{'%r?agogc%ﬁ{ed( no z\l/\r/&?ga%%ér eang ?ﬁggﬂgﬁg}cog‘}tl ?f:esg‘%]:ﬂgﬁf\%zté%? cof/er6ed

fromthe (yaamoﬁmﬁﬁp@hh@l@ reddetiah @mpﬁsftloﬁmrs withlrsio o thé ptimarydi stillation
colum (not shown) and was further purified and drlei]ge in a purification

system(ﬁé&ﬁ@ﬂémo‘&l?dl@ (Powlsrlisgid reactignrcomposiigmin frsinsgnadFBsHT (Honoxi de
was passed{ s Sfth angfe r?é’f*gtbf\l}@é‘igt)of%t och&e r19<yi¢>aev@%ht oﬁas&ﬁ j ment A

Usmgtheapara escrl vmth refere cetoFgureland

30 wher eiagetateg49d lovweight dfiveatéthapppot. ﬂﬂ[’/g/bywaxghmf dcidic gmé,sléQqupnecﬁt ly to the
flashing valve (that is no secondar reag{{ or was enpl oyed). hraret hanol was

car bddy| dtidgm ?quompf‘hﬁ‘ﬂiﬁm%ayﬂ% Yb(eﬂ)q“ re3gie COHPOS PR YN s sur e of

27.6 bar el ) d FARRPENT TR 1)¢aR W t hdr awn
fromt heqﬂf)élﬁrtr%rq)y regé%sg(1§&8§ ‘?‘g‘ﬁg% 156;0?1‘2\& %&?n he ?2q)w d 13%\0 03/ 097567

PCT/ GB03/184c5i9R compasitibmwas Grtheséarbarylated intthe pﬂcpn@rvcmeé@taba nfid) conprised
appr oxi rmgr%lpgragxor/g (l))%/ 1 %%b%nh a total pressure of 27.6 barg (2.76 x 10° N/m?) with a
residence time of 40-50 seconds.
20 The liquid reaction composition from the second reactor (2) was passed to the
flash separation vessel (3) operated at a pressure of 1.48 barg (1.48 x 10° N/m?).
The rate of fouling was measured using near infra-red analysis as described above and
the results are shown in Table 2.

Examples 2 to 4

25 The process of Example 1 was repeated with the operating conditions as shown
in Table 1. The concentrations of ruthenium and carbon monoxide in the low pressure
off-gas were varied as shown in Table 2.

Experiments 5 to 18

The process of Example 1 was repeated with the operating conditions as shown
30 in Table 1 except that either the concentration of ruthenium was greater than 6000 ppm
or the concentration of carbon monoxide in the low pressure off-gas was less than
50mol%. The concentrations of ruthenium and carbon monoxide in the low pressure

off-gas are shown in Table 2.
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of nmet hyl

i odi de,

approxi mately 10% by wei ght of nethyl
approxi mately 4% by wei ght of water,

acet at e,
approxi mately 79% by wei ght of acetic

acid, 145®opproy67iridi um and 4450 ppm rut henium The | i @girgcBeAacio2 o
conposition fromthe primary reactor (1) was 5 passed to the flash

separat i
N nR) .

on vessel

(3) operated at a
The rate of fouling was neas

slsure of 1.4
Jgégﬁjsn ng near

8 barg (1.48 x 105
infra-red anal ysis as

descri bgd—above ang T ST IO ARPYINIAN (TR § 229 EXamph& Laleynb the
appar at ys and net hod lggs]crﬁggéc}jv&% ref}e)rweln(!e [ E ijgure 1, t hanol 10 was
car bonyllated i n the |pvti®ar|ywt?éact wt%( 1) Jtppxdl ppal |areactonl prvehmme of 27.6
barg (2.76 x 106 N|n2). A liqui{d reactign conpOS|t|(gBf Jhdrawn rom
the prifary reactor (1) tlhrough|line (9). Thd Iiqyid“ré&4ttidh conpos|tion
in the primary reactior (1); conpfised apgroximately offfo by wei ght of mnethyl
iodide, |11 % by weight of jnethyl! aceta 4%]lby wdi ght of water, appfox.
78% by Wdixghtimefit &cetd4 acli@s 15pB6ppm of| 1#50i|r44d0ym and 44! e ppm
r ut heni Wr—Fhen—the—H-que—Feac —€off “:0"‘";&@‘—&\?«17 Eromthe
primary rEé‘éE‘tP!?rf (1) v‘\}a% di v(é?ted lln?o t hd 15485%4}352 or (2). 8 The liquid
react i oy rion Mps T|ig {her| gar bonyliaised [[43obNeg@econd [geactor (2) at
a md tlenperature aof 1904 and ajtotal prlessurle of |27.6 barg (2.76 x 106
N n2) w|tBxample ®si dgncz time0of A06.50 seqordds.| BOOTHHO i qui d 8r eacti on
conposi th L or—(2)—Was—passedto—+the—iHash-sepaf ati on
vessel (Fxaopiadhted |41 a prelsurkl®f 1. 44 léépg Pr048100 105 \Anp). Thelrate
of foul imgwas eSS YT osig e T T a=|r anpBSi S as deggribed abopve
and t hd tﬁ‘é’gﬂﬂas ar g fﬁovvn ?'n Tab? e52 Exaﬁ%loenﬂébto 4 25 The process|of
Exanpl e ]E smegpeat|exds wi t|hgbhe ppegrati ng 1c3®0d|42'20nsl3a)s showg in Table 1.
The con rations df rutheniumbnd. carban ox i low pressu e
of f - gas \Eeqperlmanﬁ'éd af‘s5 showh6i n [Thbfe 2. E%@er"r?ﬂﬁt s129) to 18 8The process of
Exanpl e s—ep et-wHth—thepperatin *chg S sto 30— Tabl e
| except Etxﬂ?ﬁ ‘mgp‘ﬁer LF% cofident FfPon of 1r%ﬁ’»t er%3§m was greater than 6000
ppm or [TRSARRBEENT a2 on jof 7car pem4 monoX| grsol eA2oel 9w preggure of f - gas
was | esq than 50nmpl|% Thel concehtrationst of rjutheni um and garhon nonoxi de
in the ||@xpprimssul(e | 4.4 6.8 10.6 1450 | 3210 | 50 8

Experiment 11 | 4.4 6.8 10.8 1420 | 2980 | 10 8

Experiment 12 | 4.4 6.5 10.1 1490 | 6210 | 200 8

Experiment 13 | 3.8 6.5 9.7 1480 | 6110 | 150 8

Experiment 14 | 3.9 6.7 10.5 1420 | 5750 | 100 8

Experiment 15 | 3.8 6.5 10.2 1510 | 4830 | 10 4

Experiment 16 | 5.1 6.9 12.6 1830 (2430 | O 8

Experiment 17 | 4.6 7.5 13.5 1970 {2490 | O 8

Experiment 18 | 4.6 6.9 9.7 1550 | 2880 { O 8

12



of f-gas are shown in Table 2. 11 WD 03/097567 PCT/ GB03/ 01592 Table | [H20]
[Mel] [MeQAc] [Ir] [Ru] "d 2" reactor w % wt% wt % ppm ppm reactor vol une
CO feed %o/ob/o9Bxperiment A 4.4 6.5 9.6 1450 4450 - - ExamplT&ED341826. 9
11.2 1460 4330 200 8 Exanple 2 4.1 6.1 7.7 1460 4300 200 8 Exanple 3 4.2
7.0 10.1 1440 3370 200 8 Exanple 4.,4.1.7.0 10.6 1530 4920 100 4

Experinent 5 4.1 7.3 10.6 1520 4410Tab 2 Experinent 6 3.8 6.2 8.8 1390 4220
130 8 EXpertment 7Ty - Carb¥nPalidhY gi7d@ J40p Gef-dasPERATE OF E2ﬂd4e£’cu{r 1.0
1460 3230 140 8 Experimgnt 9 4.2 6.7 10.4 1460 3220 90 8 Experinent 10
4.4 6.8|10. 6 1450 3pppm5Q r@te Experi ngriaral 4.(CG). 8 10.|gotliD 2%¥3i TEmp
Experinmgnt 12 4.4 6[5 10.|1 0 6210 [200 8 Exg@i ment A@&%.S g,> 9.7 1480
6110 150 8 Experinent 14 ™%9"%. 7 10.[5 1420 [37830°100 § &rilnknt 15 38
6.5 10. 2 330 L riment g . 1 % 12.6 13} r430(0 8
Experi rrerrﬁli%fgmg 6‘&7 lg 13 1970 2490 0% Experinent 18 4.6 649 9.7 1550
2880 0 § ExhshpW1 03/ 71 AT/ GB03/ 015R2 Talée 2 [ Ru]| 0G@r bonyliaei7on pp{O
LP of f - das—Rate of 7hr‘|JaQr‘f or
Example 2 4300 |[23.6 9.5 63 0.01 194.0
Example 3 3370 |26.2 11.5 57 0.01 195.9
Example 4 4920 |[27.2 11.8 57 0.00 188.5
Experiment 5 | 4410 |[25.2 8.2 32 0.11
Experiment 6 | 4220 |23.9 8.2 45 0.11 193.5
Experiment 7 | 4270 | 289 9.7 45 0.20 195.4
Experiment 8 {3230 |26.8 11.2 42 0.06 196.3
Experiment 9 | 3220 |[24.9 10.7 31 0.08 195.7
Experiment 10 | 3210 | 24.4 10.2 23 0.06 1946 |
Experiment 11 | 2980 | 23.5 9.9 13 0.15 193.0
Experiment 12 | 6210 | 28.9 9.8 55 0.02 196.0
Experiment 13 | 6110 | 30.1 10.1 47 0.22 196.2
Experiment 14 | 5750 | 29.2 10.3 39 0.42 195.6
Experiment 15 | 4830 | 274 11.7 42 0.02 189.3
Experiment 16 | 2430 | 25.3 9.7 18 0.05
Experiment 17 | 2490 | 24.6 6.2 7 0.30
Experiment 18 | 2880 | 17.7 8.1 10 0.08
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ppmrate bara [CO fouling Exit Tenp nol/1/h nmol % AU/ day C Experinment A
4450 22.0 8.3 48 0.01 - Exanple 1 4430 24.2 7.8 56 0.01 192.7 Exanple 2
4300 23. 6Ww9.0B/0636D. 01 194.0 Exanple 3 3370 26.2 11.5 57 @®eAOIGHBH1D?
Exanple 4 4920 27.2 11.8 57 0.00 188.5 Experinment 5 4410 25.2 8.2 32 0.11

Ex i 6 4220 23.9.8.2 .45 0.11 _193.5 t 7 4270 28.9 9.7 45
0. gg”lggq‘ldom@%{ﬁs?%‘?ﬁg‘s’@"ﬁ%ﬂol 88“ Eiﬁeweﬁ%qgé %rrgg’%ee“é%ﬁ‘e‘ﬂg%ﬁ? 9 3220
24. 9 10. ZoRdenthaliéh 3@15&17%1@9&&1‘161&*1& 1e59th3r 600@ Aprfh ahf tHe cbRcbhtRiiod 8f. 6

Experiment 11 2980 23.5 9.9 13 0.15 193.0 Experinent 12 6210 28.9 9.8 55
0.02 196. @rboﬁxmxrﬁbntl tlleslowmr@ssgm aff-gas is aleag 592maldG there pypepallem 14 5750

29. 2 10. nt 15 4 7. 4 8
Exper | morred Sp3gBEnd. TR i e oS b Sietetin 59 5 50
Exper isme rltnelﬁtl?%é&pﬁz?u% &c&rrih@ if tl(b&bsérﬁe V02 0088 FaZadRETMERAID1592 From
the results of | es 1-4 and Experinents 5-18 it can be seen that when
the conc@REanRHoRs foruﬁhemﬁwremowa%ﬁebon gopgide frhihg %W%‘Hﬁ]o%%lﬂst he
concentr f I s at |east
50 ol v P rste hGR TR RERK! Hoprkdpidtn (WMRERTIE: QlerdRint® B0 Tt can
be seen that the degree of precipitationis in 5 line W|th precipitation
occurring_in the absence of, a secondary reactor. \Wen the concentrations
i XA : 2 ,' ! 3
of rut heniX pnoxi de in the | ow pressure off-gas fall
out sige t 1 1l Gt tBl bt @Re bR drIA: sRwSR Tt | S
si gni ]Sé)l caﬂ%sﬁ)ééggp?)eas Ik118 %F%falgxperl men?é ng'.ﬂg o
3. The concentratlons of ruthemum and carbon monoxide in the low pressure off-gas

were varied as shown in Table 4.

Table 3
[H20] | [MeI] |[MeOAc] |[Ir] | [Ru] |2™ 2" reactor
wt% | wt% | wt% ppm | ppm | reactor volume
COfeed |%
g/h
Example 19 53 7.0 12.9 1370 | 4160 | - -
Example 20 4.9 6.2 12.5 1750 {3980 | 0 4
Example 21 5.0 6.9 12.8 1270 [ 3790 | O 4
Example 22 4.8 6.7 13.0 1180 | 3490 | - -
Experiment 23 | 5.0 6.8 12.6 1750 [ 3850 O 4

15
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10 The process of Exanple 1 was repeated with the operating conditions as
shown in Table 3. The concentrations of ruthenium and carbon nonoxide in
t he | ow pwesswprsenff-gas were varied as shown in Tabl e 4pcTatBos/odsopH201
[Mel] [MeOAc] [Ir] [Ru] 2" 2nd reactor w % wt % wt % ppm ppm reactor vol une
CO feed % g/h Exanple 19 5.3 7.0 12.9 1370 4160 - - Exanple 20 4.9 6.2
12.5 1750 3980 0 4 Exanple 21 5.0 agledy g 1270 3790 0 4 Exanple 22 4.8

6.7 13. ;1180 3490 EXperi : 3 5 014 15 14 WO
03/ 097567 PCT/ Go3/|dT8d2 @5%@5“@?"’&%0#& offigat ;)F%EQHD hff-gas Rate
of ppm|rate bara [|[G@mf ouhieng nol/||/Haraol 4@0A]day E):imihg 19 4160 20.2
9.3 60 0.000 Exanple 20{3980 22.3 9.]14 37 -().O(g}( Exanmm l? B790 19.9 9.9
44 0.003 Exanple 22 3490MAM 9 4 59 -0. 001 MBeri mpit /§§Y335o 22.1 9.0
30 -0. 0073 €5 [30) and EXper Nt$gg/7 10 34. process of
Exanpl e fx\%glgpeﬁ?peatﬁl Owi tzﬁ'qt he ooeretgi'%\rg C )r?gi tions '18’@?0\/\@_ in Table 5
5. The ¢®@xamplerHt i qrdp86f [R2ABheni um ar(94:ar boid7nonoxi d¢-0.40t he|l ow pressure

off-gas were vari-dd-as—-shown—i-n Fable Therate—of o ng was
det er ni r@éa@?l"cﬂe 1008 on of scl9%l on|&%ilter pld¥8d ip the catal yst
recycl e M Eple 2T 490 | 18.8 94 |59 0.001

Experiment 23 | 3850 | 22.1 9.0 30 -0.001

Examples 24 to 26 and Experiments 27 to 34.

The process of Example 1 was repeated with the operating conditions as shown in Table
5 5. The concentrations of ruthenium and carbon monoxide in the low pressure off-gas
were varied as shown in Table 6. The rate of fouling was determined by the

accumulation of solid on a filter placed in the catalyst recycle line.

Table 5
[H20] | [Mel] | [MeOAc] |[Ir] |[Ru] |2™ 2" reactor
wt% | wt% | wt% ppm | ppm | reactor volume
COfeed | %
g/h
Example 24 4.9 6.8 12.1 1530 | 3440 | 90 8
Example 25 4.7 5.9 12.2 1390 | 3220 | 80 8
Example 26 52 6.7 11.7 1580 | 3370 | 40 8
Experiment 27 | 4.8 7.2 11.2 1670 | 3650 | 60 8
Experiment 28 | 5.0 7.1 11.9 1570 | 3380 | 20 8
Experiment 29 | 5.2 6.6 11.9 1570 | 3380 | 0 8
Experiment 30 | 4.4 6.5 11.5 1650 | 4360 | 60 8
Experiment 31 | 4.9 6.1 11.8 1680 | 5130 | 60 8
Experiment 32 | 4.8 6.7 12.3 1480 | 4910 | 60 8
Experiment 33 | 5.0 6.9 11.8 1410 | 5780 | 60 8
Experiment 34 | 4.3 6.2 9.8 1590 | 6260 | 60 8
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[H20] [Mel] [MeQAc] [Ir] [Ru] 2" 2"
volume CO feed %g/h
4.7 5.9 IR0D308867 3220 80 8

react or

wt % wt % wt

% ppm ppm r eact or
Example 24 4.9 6.8 12.1 1530 3440 90 8 Example 25
Exanple 26 5.2 6.7 11.7 1580 P831B040182

Experinment 27 4.8 7.2 11.2 1670 3650 60 8 Experinent 28 5.0 7.1 11.9 1570

3380 20 8 Experinent 29 5.2 6.6 11.
11.5 1650 4360 60 8 Experinment 31

Thyle)

0 3380 0 8 Experinment 30 4.4 6.5
-1 11.8 1680 5130 60 8 Experinent

32 4.8 § 7 12 3 148D Elg,gl B ENRa T 5506 ELﬁoﬂ I THL@ oF410 5780 60 8
Experinmgnt 34 4.3 6 . 8§ 1590 %260 6 15 97567 PCT/{GB03/ 01592
Tabl e 6 |[ Ru] Car bonyppmi orraptpCO LP of fbayas Fa[lCé)]of pgrfonbeg hara [ CO
fouling | mol/1/h no| % g/ h | e 24 3440 22.1@1%/5 57 10.,0038 |Exanple 25
3220 21.|13 9.3 52 0.p034 %Fe 26 3370 21./d"8"8 35 C.% 37 HExperinent 27
3650 21.(55Gmm1d%4 0. DYRRD |EX0ET 1 ENt 289 8380 (27 9 9.6 4/ GbIR043 Experi ment
29 3380 {20.2 9.9 121 0.0083 EXperi 30 4360 21.5 9.12 43 0.0112
Experi merExa&iblélSO DI 9.0.32 0.0123] 9.Bxper|id®ent 32 490003A2. 6 8.2 43
0. 0116 eH-Rept—B33-5/80—21+-9-9-64p-0-06696

“Eyzample 5 3370 210 9.8 35 0.0037

Experiment 27 | 3650 | 21.5 93 45 0.0088

Experiment 28 | 3380 | 20.9 9.6 27 0.0043

Experiment 29 | 3380 | 20.2 9.9 12 0.0063

Experiment 30 [ 4360 | 21.5 9.2 43 0.0112

Experiment 31 | 5130 | 22.6 9.9 42 0.0123

Experiment 32 [ 4910 |22.6 8.2 43 0.0116

Experiment 33 | 5780 | 21.9 9.0 40 0.0090

Experiment 34 | 6260 | 23.9 9.9 41 0.0143

From a comparison of the results of Examples 24 to 26 with Experiments 27 to 34 in

Table 6 it can clearly be seen that where the concentration of carbon monoxide in the

low pressure off-gas is maintained according to the formula:

Y>mX +C

wherein Y is the molar concentration of carbon monoxide in the low pressure off-gas, X

is the concentration in ppm by weight of ruthenium in the liquid reaction composition,

m is about 0.012 and C is about —8.7 the rate of fouling is significantly reduced.

10 Figure 2 illustrates in a graph the relationship between carbon monoxide

concentration in the low pressure off-gas and the ruthenium concentration and the

formation of solids. The data points in the graph are the results of the Examples and

Experiments in Tables 1 to 6 above. From the graph a correlation was developed (dotted

line) which indicates that solids formation is mitigated if the carbon monoxide

15  concentration Y in the low pressure off-gas is maintained according to the formula :
Y>mX+C

wherein Y is the molar concentration of carbon monoxide in the low pressure off-gas, X

is the concentration in ppm by weight of ruthenium in the liquid reaction composition,

m is about 0.012 and C is about —8.7. Where the fouling rate is greater then 0.01

16



Experinment 34 6260 23.9 9.9 41 0.0143 From a conpari son of the results of
Exanples 24 to 26 with Experinents 27 to 34 in Table 6 it can clearly be
seen t hatwetwenersthe concentrati on of carbon nonoxi de in tireT/EBIBOWIPr essur e
of f-gas is maintained according to the formula: Y>mX+C wherein Y is the
nol ar concentration of .carbon nonoxi de iq,tge | ow pressure off-gas, X 1is
the conce¥d/day peh09he/Bihhaspegrasshmed that splids APTRAUOR OFHYS i qui d reacti on
conposition, mis about 0.012 and Cis about -8.7 the rate of fouling is
significantly reduced. 10 Figure 2 illustrates in a graph the relationship
bet ween carbon nonoxi de concentration in the |ow pressure off-gas and the
rut heni um concentration and the formation of solids. The data points in
the graph are the results of the Exanples and Experinments in Tables 1 to 6
abovegs Fromthe graph a correl ation was devel oped (dotted 1ine) which
indicates that solids formation is mtigated if the carbon nonoxide 15
concentration Y in the |ow pressure off-gas is maintained according to the

formula : Y>mX+C wherein Y is the nolar concentration of carbon nonoxide
in the |ow pressure off-gas, X is the concentration in ppm by wei ght of
rutheniumin the liquid reaction conposition, in is about 0.0 12 and Cis

about -8.7. Where the fouling rate is greater then 0.01 16 WO 03/ 097567
PCT/ GB03/ 01592 AU day or 0.004 g/h it has been assunmed that solids
fornqbion occurs. 5 10 15 20 25 30 17 WO 03/097567 PCT/ GB03/ 01592
Clainms 1. A process for the production of acetic acid which process
conpri ses the steps of

15

20

25

30
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(1) carbonyl ati ng nethanol and/or a reactive derivative thereof in a first
carbonylation reaction zone in a liquid reaction conposition conprising

i ridi um caoloyisati on catal yst, ruthenium pronoter, nethycTicBIzHEs92
co-catalyst, nethyl acetate, acetic acid and 5 water; (2) w thdraw ng
liquid reaction conposition together with dissolved and/or entrained
carbon nonoxi de and ot her gases from said carbonyl ation reaction zone; (3)
optionally passing said withdrawn |iquid reaction conposition through one
or nore further reaction zones to consunme at |east a portion of the

di ssol ved and/or entrained 10 carbon nonoxi de; (4) passing said
conposition fromstep (2) and optional step (3) into one or nore flash
separation stages to form (i) a vapour fraction conprising condensabl e
conponents and | ow pressure off-gas, the condensabl e conponents conpri sing
acetic acid product and the | ow pressure off-gas conprising carbon
nonoxi de and ot her gases dissol ved and/or 15 entrained with the w thdrawn
| i qui d carbonylation reaction conposition and (ii) a liquid fraction
conprising iridiumcarbonylation catal yst, ruthenium pronoter and acetic
acid solvent; (5) separating the condensabl e conponents fromthe | ow
pressure off-gas; and (6) recycling the liquid fraction fromthe flash
separation stage to the first carbonylation 20 reaction zone, wherein the
concentr%ﬁﬁgg of carbon nonoxide in the | ow pressure off-gas is maintained
accordi ng t0°the formula : Y>nX+C 18 WO 03/ 097567 PCT/ GB03/ 01592 wherein Y
is the molar copessstatthe prodiictiar dfanetimavdk wHihiprodekecdmprises desstaps obf f - gas,
X is the concentration in ppm by wejght .of rutheniumin the |ljquid

react i on (Ebiapaylatiag ,mqtlﬁmpgaxgigc]g&re@ﬁtl(y geﬁ}‘ﬂﬁ“’é%?%e(gl% Gtﬂr §t8’.agl’.°n§f.ag%’ process
accordin i L4 I Ghkt| ih® HROMARA ohk ogether 5
mith di sogiedlof ggﬁn‘@‘g“rl@ﬁ ‘r%g‘?}héé’{}%éﬂ r %g'ﬁg o B o Phe 1 1 st
react i on catabysg ritherpamgedmoter,onghylaodide cordatakysic riethyl acetate,Aacetic pidered s
according to claim2 wherein substantially all the liquid reaction

water;

(2) withdrawing liquid reaction composition together with dissolved and/or entrained

carbon monoxide and other gases from said carbonylation reaction zone;

(3) optionally passing said withdrawn liquid reaction composition through one or more

further reaction zones to consume at least a portion of the dissolved and/or entrained
10 carboh monoxide;

(4) passing said composition from step (2) and optional step (3) into one or more flash
separation stages to form (i) a vapour fraction comprising condensable components and
low pressure off-gas, the condensable components comprising acetic acid product and
the low pressure off-gas comprising carbon monoxide and other gases dissolved and/or

15  entrained with the withdrawn liquid carbonylation reaction composition and (ii) a liquid
fraction comprising iridium carbonylation catalyst, ruthenium promoter and acetic acid
solvent;

(5) separating the condensable components from the low pressure off-gas; and
(6) recycling the liquid fraction from the flash separation stage to the first carbonylation

20  reaction zone,

wherein the concentration of carbon monoxide in the low pressure off-gas is maintained

according to the formula :

Y>mX+C
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conposition together with dissolved and/or entrained carbon nonoxi de
withdrawn from the first reaction zone is passed to the second reaction
zone. 10 wo odoprsecess according to any one of clains 1 toP8&TwiBmsaiIsy2carbon
nonoxide in addition to that introduced to the second reaction zone as

di ssol ved_and/ gr. ent r(gi ned car.bon_ nonoxi de)%jrﬁ ir\%r?duced intg the second
react i onVAgHH ¥ is e Jaojplcnceiatipn Of AT MORPHIGIMNAE fBY RFSHES SHAiDnal

car bon mMNRXkGR chiPatfRrinpBin oWkt biri@ediufsh thd KM@ réa@a6k Eafp&RMAQSI ti on
prior to introduction to thé second 15 reaction zone and/or Is fed
separ at ehyistabowr{ed 1@randds & aboutat8.dns within the second reaction zone. 6. A

[ | ai.m 4 qr. 5, wh ' he. L] | ¢ id
Cont i ns 3 mpufi e «5oRi o Bhiett WAEHF e s AR bR R pp SEPR R G 6°

wher esn th@ dgldiveil a@br &RfRRA cardnimsiexiddevitdeirpi gem the distpeaegsnr e of f - gas
fromthe first reaction zone. 8. A process according to any one of clains 4
to 6 whegeheisphwseddupughoniecordieaeiipn 29Bfoxi de conpri ses a carbon

nonoxi dexcont ai ni - O, : hng: ..gne of cl ai s
l1to38 \M%‘er ei % %PP %’g g‘faC%tr (ﬁé%?(%glg}ong% “@ﬁ%ﬁrpﬁﬁgt?gﬁ@ggﬂg{#g% Elﬁlelﬁﬁﬁglﬁned car bon
nonoxi de chmpbdigord fogether wela disiainecariwehtraioed &b tbdoxde withdrmwnHeorfi i r st

reaction zone is consuned in the second reacti on zone. 10. A process
accor di nghe lrsersgctioneons 1sd1agieddo theisgeandfgaatign2okF-eat er t han 25% of t he

di ssqhveq and/yo halP@fg ¢ RREKLEE id B WHikih EAYbS nloREkikiE &

corrpggi tiq'on vﬁérﬁgeggwn O?r o%nt?fgp(%hler st reaction zorlle IS cor?surred in the
second r additibmto thanietrodikced £ theceamd reaction domegpstdissalvgd end/onéntrineidns 1 to 8
wherein greater than.50% 30 dissol ved and/or entrained carbon

f th
nonoxi de SAI9OR FPNPX 5?%‘“?8&‘&3%16%06}6%568%9 EHONEOfidr awn from the first

reacti onszone 5 5o6Q8364828ing %o t1Akn 3 $ARASH 18AAHIBAIZAMdINIRenAIRI1966SS
according to any one of clains 1 to 11 wherein nethanol and/or nethyl

acet at e gwisedcwith theyfirat liqhidvaahtiragdmanesiion exiot to infrodyrsionite de seeaardt i on zone.
19 03/ 097567 PCT/,(3B03/Q1592 13. A process_ accordin Q_any one of
clai e 1TFa519BZNeANEI%0 1% 8%‘"‘6%8%3? QY gfrwm%"feﬁo%ag?ﬁ@?’v%ég‘g?’étsee%?% the |iquid

reacti on £RAVPSHdel ONS in the first and second reaction zones are

i ndependently in the range 1 to 70 % by wei
6. A process accor

ing to claim 4 or 5 wherein { r<]3ta'dditiona1 carbon monoxide
contains impurities.
7. A process according to any one of claims 4 to 6 wherein the additional carbon
20  monoxide comprises high pressure off-gas from the first reaction zone.
8. A process according to any one of claims 4 to 6 wherein the additional carbon
monoxide comprises a carbon monoxide-containing gas stream.
9. A process according to any one of claims 1 to 8 wherein greater than 10% of the
dissolved and/or entrained carbon monoxide in the liquid reaction composition
25  withdrawn from the first reaction zone is consumed in the second reaction zone.
10. A process according to any one of claims 1 to 8 wherein greater than 25% of the
dissolved and/or entrained carbon monoxide in the liquid reaction composition
withdrawn from the first reaction zone is consumed in the second reaction zone.
11. A process according to any one of claims 1 to 8 wherein greater than 50% of the
30 dissolved and/or entrained carbon monoxide in the liquid reaction composition
" withdrawn from the first reaction zone is consumed in the second reaction zone

12. A process according to any one of claims 1 to 11 wherein methanol and/or

methyl acetate are carbonylated with carbon monoxide in the first reaction zone.
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14. A process according to any one of clains 1 to 13 wherein the
concentration of 5 water in the liquid reaction conpositions in the first
and secorworeeagtsson zones are independently in the rangePeTIGEG/020% by
wei ght. 15. A process according to any one of clains 1 to 14 wherein the

concentration of nethyl iodide co-catalyst i he .li,quid reactio
conposi t i1dns AhPTORESS AFTEHing et Y CEaﬂ’Egitt‘? h)g“é’ﬁf?é%ﬂ\%scof‘ﬁe&’grﬁg%%ﬂtly 1to

20% by wei G e 16 theAi U PEBSHONAGRROSHIBES hAha st BREsRbnE L ALIGH Aonk® 15
wher ei n%%%gﬁceﬁt ratei odf? of 1 rni diﬁ% clar blonyl atsi on ScatIz:lI yst li n tnhe l'iquid

react i on aconpeEntémiysnitie tahge 1 o 8@ %enuweightond reacti on zones is

i ndependently jin the range 100 to 6 . A prqcess according to any
one of cﬁgi msAiprlDBeSi8%%_&?5%?1@%%“%8%%%’%5%9 }%rw(;lr%q?% eicgnf)erngrgfe?%rf Ofln t he
i qui § reagdriif hedRiRPRhEHAN D Positidhs il the FirsdBed SR6AMLat8@fideNarel5 zones at
a nolar ratio of each rutheniumpronoter : iridiumin the range [0.1 to

100] : 1.indegendsngy s sangedol Wi 2ijo by Watghtone of clainms 1 to 17 wherein the
rut heni u pr oot er. i it . quyi j: C i in the
firer and secondoroaarrSiiethut Sud M3t 1 AEHGPIRHRARKELOLE
pronot er methyliiedidércd-Bathlys: inalvgiiquid peatonlémpositiond th tha fipstandsecoadcor di ng to
any one of claims 1 to 18 wherein the concentration of 20 rutheniumin the
liquid raeastippaones ppwdprangerdly hio 3080 by weigbhnd second reaction zones is

‘ “de%“g%@ ! y 94 ﬁ%@egsﬂg&rﬁﬂg% Q@an@&'clﬁmerQS%%kﬁF&m}@ dagcérﬁrgapa/opﬂe of

cl ai ns to erein the“concentration of rutheniumin t I qui d
react i on igdinposirhdnghusion athlyst ihithsliquad deasecrocmnpasitains om thedretsand second

i ndependently 400 to. 5000 . 25 21, ro s according to any one of

cl ai s 1 TER5H9B ZOHFE BN %%&%Qﬂpit_ﬁ? raﬁg"e&(ﬁﬁ%&ﬁﬁ PPBar bon monoxi de in the
first anq;secopgreRGkiRAing0 8y bie IMABRENAENE Whekdin ttGufiRARm 1 to 70 bar.
22. A process according to any one of clains 1 to 21 wherein the parti al

pr essur e ppdmoteristpoesentondlxd iguid reacten ¢ampsitns iste diist and aecondmeagtipRs i s
indeggndentl in the [

e e RE R 800 ey HSFRSASEI o 12 o
| ow pressygre of prodéss acSordinglt€any oo fMBMifs ang 17 Rehestn @R YutiRhivan of
rutheniumin the liquid reaction conposition is up to 3000 ppm by wei ght.
20 promoter is present in the liquid reaction compositions in the first and second reaction
zones at a molar ratio of each ruthenium promoter : iridium in the range [up to 10] : 1
19. A process according to any one of claims 1 to 18 wherein the concentration of
20  ruthenium in the liquid reaction compositions in the first and second reaction zones is
independently less than 6000 ppm.
20. A process according to any one of claims 1 to 19 wherein the concentration of
ruthenium in the liquid reaction compositions in the first and second reaction zones is
independently 400 to 5000 ppm.
25 21. A process according to any one of claims 1 to 20 wherein the partial pressure of
carbon monoxide in the first and second reaction zones is independently in the range 1
to 70 bar.
22. A process according to any one of claims 1 to 21 wherein the partial pressure of
carbon monoxide in the first and second reaction zones is independently in the range 1
30 to 15 bar.
23. A process according to any one of claims 1 to 22 wherein the concentration of

carbon monoxide in the low pressure off-gas is at least 30 mol% and the concentration

of ruthenium in the liquid reaction composition is up to 3000 ppm by weight.

20



WD 03/ 097567 PCT/ GB03/ 01592 24. A process according to claim23 wherein
the concentration of carbon nonoxide in the |ow pressure off-gas is 30 to
40 nol % awo wheg7sepncentration of rutheniumin the |iquidPCFAGERIBONSI2
conposition is up to 3000 ppm by wei ght. 25. A process according to any one

of clainmg 1 to 22 wherein the congentratigon of car bon noxi de.in the
ow presedre ot POGES e asbim 59 S8 QRAOPIFERaBHL T E BAroufe
rutheni um 15%&%&1{&&&#@6}9@0 N4 RIIPA2h HREohSeritidtib® oPRIGIARAIPIeWei ght .
26. A process according To claim25 wherein the concentration of carbon

monoxi de liquid reheioneampesitien iscupopf30g@ spindyseeight- 60 nol % and t he
concentration of rutheniymin the |liguid.reagsti,on.c osition is.up to
6000 ppm“y V\é}BWP‘?SSfﬁC%gmgAO ﬁ?%%’ées%flcg"é@(grld?%g V\{h()er%%;ﬂ/l of élc%%traglf)%f) 1to 22

wher kN thaof MGRRIdeah 1o pressaich@Ng 4808 Beske 50 Mdlicaridake porRssttonof f gas
is at least 55 nol % and the ruthenium concentration in the liquid

react i on of sethersiimiin thej liquihrepeti aammpepitioBys Yieiofth00 ppg1 bnweighkess accor di ng
to claimg7 wherein t [ - r ' ' - OW
pressare 211 gaerbesiyfRRRg Rl s bRin SRGRAAINGH b Gl nb AR O T

co _ncc;nt r ezlg ltlie:t/}\owrprésig\eiareIoifﬂ]glasd(s:I seac 60 niol% anp dsi c?onoe:mtn_‘asw |Iof tmhéﬁxzsﬁﬁ) W:]rpﬂfm by ]
wei ght. 29. A process according to any one of claims | to erein the
process ilsuishEpeioagompesigon srHn 19 R9I8 PBIdYe¥dEht30. Use of carbon monoxide in

a | oobr essur ey Bldedascorbihg 16 3fP0Rk (RN 490 2o MR ALARBH of
concentration i tﬁe ow pressure off-gas according to the tornul a:
Y>mX+C whart®ininohoik gletih ¢hetovgressoreadhgasas atdeaso S cad Boandibeonthegumn t he | ow

pressure off-gas, X _.is the cancentration in i ght. of rutheniumin
the I1 quicdns@Raton té%ﬁﬂ‘b‘gif?%ﬂ? COIPHOS@‘%%‘BBBttg 8%&%&%%@- about -8.7, in
a processygfor Apﬁceg%%é@feﬁ)lgrt@cmm@?%&Hege/ngge%nmtﬁho@bp@ﬁs&u menpilises the

steps of (1) carbonyl ating nethanol an a reactive 25 derivative thereof

in a firshthedolygmessareioffhigasas ot thomangedé to A5 moal.i %Gand thesathenom conposi ti on

i.Si iridj. | ati. l. ., ' : hyl
oar ds caones i B SRR EickEr sRbANG b bt PEOLHIBAREPER, 5) "W (et i ng

liquid reacti o0 pRREBASESHMG th ABREREST dMifnd 1 98 M heesin alitdhrBtess i dpaiaiar
car bon nonoxi de” and ot her gases from said carbonylation reaction zone; 30
(3) opti csaldoptiprys prgessai d wi t hdrawn |i qui d reaction conposition through

Oné Or M€ {se of carbon monoxide in a low pressure off-gas, the carbon monoxide being

maintained at a concentration in the low pressure off-gas according to the formula:

20 Y>mX+C
wherein Y is the molar concentration of carbon monoxide in the low pressure off-gas, X
is the concentration in ppm by weight of ruthenium in the liquid reaction composition,
m is about 0.012 and C is about —8.7, in a process for the manufacture of acetic acid
which process comprises the steps of (1) carbonylating methanol and/or a reactive

25  derivative thereof in a first carbonylation reaction zone in a liquid reaction composition
comprising iridium carbonylation catalyst, ruthenium promoter, methyl iodide co-
catalyst, methyl acetate, acetic acid and water;
(2) withdrawing liquid reaction composition together with dissolved and/or entrained
carbon monoxide and other gases from said carbonylation reaction zone;

30  (3) optionally passing said withdrawn liquid reaction composition through one or more
further reaction zones to consume at least a portion of the dissolved and/or entrained

carbon monoxide;
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further reaction zones to consune at |east a portion of the dissolved
and/ or entrained carbon nonoxide; 21 WO 03/097567 PCT/ GB03/ 01592 (4)
passi ng swod3oerspDsi tion fromstep (2) and optional step (@E8I/GBIBO1IDRE Or
nore flash separation stages to form (i) a vapour fraction conprising

condensabl e components and |.ow pressur ff-gas he condensable

conponent@) E%fﬁ‘ggisé‘ﬁr?ﬁmé’@%‘f‘f)’& from e &Saﬁ‘g?&mpﬁ%@l%\% RS EWF%}]%SPT - gas

conpri si g a?ﬁ{yg%&gepﬁ%hg?i)%Wép&hh&hi%@&ﬁpﬁdiﬁgﬁ@dﬂd@ﬂsa@l&Udeo’ﬁeﬂ@'Ealﬂcai ned
rawn

with the i quid carbonill ation reaction conposition and (ii) a
liquid flomptdsame offrgasi the aondensabiacomnonbah gPEPTIEAL aetig|agid produpt Rathi um

pronoter and acetic id solvent; .(5) i :
conponent WPWO‘WFS[SW@ qq.g'ﬁf’spcro&psfﬁ}n_ BFen grgén%ggc%%%%@] e&%@%‘%ﬁ%%gﬂ? ‘Iﬁgﬁ(_??rqui d
fract son cfifrafed Wah ileashh@eralighidvartdha@eon feattien Eonisdsitiardndi(yi) atiqd 10
reaction zone, to reduce | oss of catal %/st and/ or pronoter during acetic
aci d pr odaction eweprising iridpym carbonylation catalyst, ruthentum promoter and aceticact
solvent;
(5) separating the condensable components from the low pressure off-gas; and
(6) recycling the liquid fraction from the flash separation stage to the first carbonylation

10  reaction zone,

to reduce loss of catalyst and/or promoter during acetic acid product recovery.
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