10

15

20

WO 2005/107945 PCT/G82005/001 21 6 PROCESS FOR TILE
REMOVAL OF CORROSION METALS FROM CARBONYLATION

W@Mﬁ@ﬂ% SOLUTIONS The present invention relates to thﬁéﬂ@ﬁi@'s%m p

corrosion metal contaminants from carbonylation catalyst solutions
comprising a carbonylation catalyst such as iridium, rhodium or mixtures
thereof. The production of acetic acid by the carbonylation of methanol in
the presence 5 of an iridium catalyst and a promoter such as ruthenium is
well known and is described, for example, in EP-A-07524086,
EP-A-0849248, EP-A-0849249, and EP-A-1002785. In operating
carbonylation processes, such as the production of acetic acid, over
extended periods of time, corrosion metal contaminants such as
compounds of iron, nickel, molybdenum, chromium and the like form and
build up in the carbonylation 10 reaction composition. Such corrosion
metal contaminants, if present in sufficient amounts may have an adverse
effect on the carbonylation reaction. US patent number 4,007,130
describes a process for regenerating a spent carbonylation catalyst
solutigReMIISIPO R NeEiRmMOTdYOFEORRYSIONARINPAT Wit @M
cation exchange resin in Its hydrogen form. 15 European patent
application, EP RON XA Ad IR EATALY LTINS

compriging pheii iy ittisnnues eorasien Sl dIScoith st 6 el @¥ahaE8nts
resin in_its lithium form. PCT patent application, WO 97/15544 describes
éfﬁ%e@%}aé?&atﬁ?ﬁmW}&f&n%s?ﬁaﬂ%@oﬁm}%aw@ﬂ%%miﬁ%s
widahcehtainthoedinnasdiaiaikali metal to 20 remove metallic

A 24 2

* coutorl MR PR ARH ALY AR & CONAAGHE HBH e Wt grscace

e ereashﬂdme:axﬂyseﬁdai ipoobalaltinatakitsio apislliasemandliofiescribed,
%’%{ ré’x%%%e%ﬂé]%aéﬁfﬂ- 0%, W2,2002439¢ %f-ﬁ%@zlg%gg@%]{gozm.
us fe’remains the need for an ImprO\ie ving

process for remo

corrosidm opvedaingorathnmylanits frowesssh ouglictsaheqatadystiso lefiaresisvduich) over

EORESE paeriods of time, corrosion metal contaminants such as compounds of iron,

nickel, molybdenum, chromium and the like form and build up in the carbonylation
reaction composition. Such corrosion metal contaminaﬁts, if present in sufficient
amounts may have an adverse effect on the carbonylation reaction.

UsS patenfnumber 4,007,130 describes a process for regenerating a spent
carbonylation catalyst solution comprising a rhodium or iridium catalyst by contacting it
with a cation exchange resin in its hydrogen form.

European patent application, EP —A-0 265 140 describes contacting a catalyst
solution comprising rhodium, lithium and corrosion metals with a cation exchange resin
in its lithrum form.

PCT patent application, WO 97/15544 describes a process for treating low water
content carbonylation catalyst solutions which contain rhodium and an alkali metél to
remove metallic corrosion products. The process comprises contactiné the catalyst
solution with an ion exchange resin and a sufficient amount of'water to decrease the

concentration of alkali metal ions to optimize removal of corrosion metal products.
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carbonylation catalyst selected from iridium and/or rhodium, an alkali

metal and/or alkaline earth metal and corrosion metals. 5 In a typical
carbonylation process, such as in the manufacture of acetic acid or the
WRHFAEHS of acetic anhydride, the carbonylation reaction cBRFESIE/001216
from the reactor is passed to a flash zone for separation into a vapour
fraction aRes Abpgeignipsetithe nAsiEiosom priBey el erpegorifgrof e atalysesion

ComRepGtsn T RiRCRIRP BRI  Catalysh SQIVtion s asnRialy Leaycled

back to the reactor. An iridium or an 10 iridiuin/rhodium catalysed process
iscaiioBaitibe tatalvdiresalsadomn Bk adoabadantraion kitidmaias and/or

ingrapsesdnihe-alkaliiustal conaansiation is likely to reduce the
carbonylation rate and may cause a significant reduction in the rate. A

rhodiumcatiRsEl s ationPisrsests e atdr Hneanttagbre of aurig acid or
matahhawsyere tualuationsadhe alkalhmeioltRACRUALRRININ SaHSE #26) the

carbonylationreaction rate 15 to vary resulting in non-steady operation

wiRRSFPTs bBRfE dR difksleZane OResmBtioR o Ras P Bediorotdrdiaridy
patéaby waingpationBxenapes esinewithialalialicling. aarthcpstaliation

the concentration of the alkali/alkaline earth metal in the carbonylation

SOHRTS SRR AT EARaTARY e, Rarkhiodhn geartat | SRS iim-AIE the

affdeariteiinact sigachapiagesi2ah Asparling Yt ERIRSen inYRAlig b ta]
provides a.process for. the removal of corrosion metal contaminants from
ECERFEB OO AR, SECEATRIR B A 0] CARSBRYPAE kR Toduce the

sedasirdldtvn iaidiund, ihediauge andgmiitare sdheteaf iamhalad. AREMdum
alkaline earth metal and corrosion metal contaminanis which_ process
e S P i AL OB Yot O Bl SRR i
héivingpiteradtihesitia1? gl tatlydoastéshwith casefficiontrbonolanoafedisealin rate

apdior Alkaling.cari metahto, maniain ing copseniration of sald alall e
andjor alkalinesear me?a??'n e catalys soiution and Tecovéht él%economlc'
chialysw duienifonof thauoe dacirtysiondime atanomtarmiharge comtenttlildikali/alkaline
Lo Bl e RgReRt e AR RalickAthe 2aRISABIA 18 e A onyiation
removal of corrosion metal contaminants from carbonylation catalys
seflittomscabatmaaintrorndciudydny i tiomprog es st keasplitigaiinmntiieefore-
CRBRMATARISAHgcomPoSition |
Accordingly, the present invention provides a process for the removal of
corrosion metal contaminants from a carbonylation catalyst solution comprising a
carbonylation catalyst selected from iridium, thodium and mixtures thereof, an alkali
and/or alkaline earth metal and corrosion metal contaminants which process comprises
contacting said catalyst solution with a cation exchange resin having its active sites
partially loaded with a sufficient amount of alkali and/or alkaline earth metal to
maintain the concentration of said alkali and/or alkaline earth metal in the catalyst
solution and recovering a catalyst solution of reduced corrosion metal contaminant
content.
The process of the present invention is particularly applicable to the
removal of corrosion metal contaminants from carbonylation catalyst solutions obtained

from carbonylation processes employing in the carbonylation reaction composition

either an iridium carbonylation catalyst, a thodium carbonylation catalyst or a
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either an iridium carbonylation catalyst, a rhodium carbonylation catalyst
ora 2 WO 2005/107945 PCT/GB2005/001216 combination of iridium and

wihaiivgsabonylation catalysts and also an alkali or aIkaIrnf; E ) e}aOm(
salt capable of generating iodide ions in-situ. Suitably, the ca ation '

rha? tt% Lgiom ﬁndne{zh (?qlfr m_the li {)gurqa%ha%gt ar on %ﬁn f(1)(;‘a 1oglols
0 Alides'or

r'reactive erlvatlvest ereor. SUCh as & hers Yedidls
nhkxiur@sambmcfdﬂcsépit@@lpdd@:afgcuwﬂnag|d$11qtﬁe¢asably1tacetlc acid in the

presengg, of.an ﬂﬂ@&"é%&%ﬁg o ﬁ{%&%&l}’uéﬁ"}gﬁgduugﬂ C?arb%nﬂatl% bse

catalyst or a ‘combinat ilum-and rhodium car onylation cata
am@kylaﬁmm@f@&ﬁ@mmgﬂ/ah@@ﬁmﬂ@mmmmalk@mrseo@aaarra:ﬂmtatgaﬂ

ﬁ%@&@'&%ﬁ&&%@%@&m&dﬁrﬁuéaea%&%ﬁgtfgcr@éﬁé@ %}%& ac1d in the

alkaline earth metal iodide or an alkali m metal

Brsseans. Wi/pe ke dhencerdlgay el 6o dyis, iAdhodina @atbwlwmmbfsmha
BSmBHRERIHOT BRI PRI FBBY RS0 PEA RS 1‘%§§ alide co-catalyst

carbonylation reaction composition. Alternatively, th car ony ation

aedam sllsdiunsialrang bdibp etk aaiehsth sangbliogizsservanbopdidaivmom-situ
aicpholsandiarteagiyelarivatyes harefiduing dr MEEReNGS %fr Qikaline earth

rhodium cata &rgt and an alkali/alkaline earth metal salt capable of

gt R SothBersohe fatelvsteHIe Xasdistiidiumy aarphvd psBpignioNk 86
RredpgeR ieahaxvlic anfiverids 5146 basReGHGRMYANNS PLAdR PdS.AT &

carboxylic anhydride and a carboxylic acid such as a mixture of acetic
SHRDERIHE™Nd acetic acid. The carbonylation catalyst solution to be

treated«brefﬁaxpé@ﬁeﬁs SR EESR T 20V BRI GUPBEBSAR I e
i:arbo &zlatlon catalyst, a éhg(iﬁ car onylation catalyst or a mixture

agq, A RAYIRIIGRC OlEepaiedsry HEEs Begoter the
praspieofn Rl 64@19&%&15&&1725&%@ eatlitaielal badispable of

e L G N LR
Haﬂ)pxghe mbjdhdepmaﬁmﬁ Rstinvehtidndeampiseasofidiabeahomigtiate
S T Bt R PSR

The carbonylation catalyst solution to be treated by the process of the present
invention comprises an iridium carbonylation catalyst, a thodium carbonylation catalyst
or a mixture thereof. Suitable iridinm carbonylation catalysts are described, for example
in EP-A-0 643 034 and EP 0 752 406. Suitable rhodium carbonylation catalysts are
described, for example, in EP-A-0 161 874 and US 6,211,405.

‘Where the carbonylation catalyst solution treated in the process of the present
invention comprises an iridium carbonylation catalyst, the catalyst solution may further .
comprise one or more catalyst promoters. Suitable promoters are selected from
ruthenium, osmium and rhenium, and are more preferably selected from ruthenium and
osmium. Ruthenium is the most preferred promoter. Examples of suitable promoters
are described, for example, in EP-A-0 643 034 and EP 0 752 406.

The carbonylation reaction composition comprises a source of alkali metal
and/or alkaline earth metal such as salts capable of generating iodide ions in-situ.

Suitable salts include alkali metal or alkaline earth metal iodides and alkali metal or
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ruthenium, osmium and rhenium, and are more preferably selected from
ruthenium and osmium. Ruthenium is the most preferred promoter.

Examples of suitable promoters are described, for example, in EP-A-0

W23 B399 EP 0 752 406. 30 The carbonylation reaction compB6IRNS/001216
comprises a source of alkali metal and/or alkaline earth metal such as
salicbiap spid stgdmsritiss DdideliotyinleitumSaitiie dihtmimchdié: alkhliim

metaher akaling casthomelalindides.and aliali MEROCLBNR. a1 salts are the

2005/107945 PCT/GB2005/001216 alkaline earth metal acetates.
Sifititiy o entat therkigaTs MaseRBYide, lithium acetate, sodium

iodide orrsedingranaiAe cauilRbIsalkaling earth mggtho%%n@d

iodides or acetates of calcium or magnesium. The carbonylation catalyst

SGRRERY HtgPARRS BBmB s amplsrilerhods betantohylides Arravittares fereof.
example, alcohalsasthers chalides of meHasHhateafcnSYiaaly.the dialkyl ethers

reactant may comprise C1 to Czo alcohols, such as methanol; dialkyl

effibreinihe i igsouns Iylanspdande etk ey havdangtemedissramoins,
fotigxaypitaimenyaamnalind halidechadnatin L RRoRAIoMSITHE

as methyl jodide and esters of Ci to C10 alcohols with C2 ta Crl

cEEKGHE alidstoicehaliBith frdthincubayioasis e srsmmiaomehyl acetate.

Cﬁﬂi@k@@@oﬂ@@ﬁ)ﬂ@@mﬁ)fﬁﬂdiﬁeﬂ@%&f RAFIgIkdALEHILIAEERESEr ether or ester
y, met

reactants.é;;r fer ol gnd/or methyl acetate are used as

SRS, R R BB BRSPS A RS TSRS E08S of the
present Tiwentbonyhayntstbenplistamaliod hedids rr-aatalist preas
rr}gtréx{il)%dide. ref_eraé)g, the g‘%, %?H?Iéation of the a"f;él halide co-catalyst,

stich'as hBfhy T 18 TeaIRES it rl] 108 FSarRt T rER Ae G thipdidtion

is in thelteafigreblytd20%nbynivatightfithefeiah iakide db8athlyweaight abinethy]
addition, the carbgnylation catalyst solution may. comprise a solvent

o B R R P i oy
iswteghveprefarablyici 68ty corigbatible with the cation exchange resin.

For examgllgzd-w ere th 129 W I{' acid to.be produced is acetic acid

the solvent mlay e éecetlfc ag . %rgl ¥ﬁe88&2?fs é&ﬁ?{é‘ﬁ%%%?ﬂ)@&“ﬁom
acesrpliatich hroeubsiiylating process from which the catalyst solution is derived
and which is also compatible with the cation exchange resin. For examﬁle, where the
carboxylic acid to be produced is acetic acid the solvent may be acetic acid.

Where the catalyst solution is derived from a carbonylation process for the
production of carboxylic acids, such as acetic acid, the catalyst solution may also
comprise water. Water may be formed in situ in the carbonylation reaction composition,

for example, by the esterification reaction between methanol reactant and acetic acid
product. To maximise catalyst system stability-during the acetic acid product recovery,
the concentration of water in process streams containing catalyst system for recycle to
the carbonylation reaction zones is preferably maintained at a concentration of at least
0.5 % by weight.

The carboxylic acid may comprise a carboxylic acid having 1 to 10 carbon
atoms and is preferably acetic acid.

Typically, carbonylation processes operate at 100 ~300° C and at elevated

pressure (15 to 200 barg) with a partial pressure of carbon monoxide of 2-30
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production of carboxylic acids, such as acetic acid, the catalyst solution
may also comprise water. Water may be formed in situ in the

WEW@H@“ reaction composition, for example, by the estepifigaiios/ 001216

reaction between methanol reactant and acetic acid 25 product. To

'ﬁﬁfﬂ%@ﬁ&eﬁ%ﬁ&?ﬁ%@r%@%@ﬁ%@& ther@ealiaasishpeoduct recovery,
the c

ncentration of water in process streams containing catalyst s%stem

for recyls R3Ot Q4BERYEEFRHFESRERIhS BRES U e tBRASRP h AT L AEg A@! of
A&P0GERTRlON ol afieasts G:dnYe byrbeightiohhae Rt Rcidmpaying an

comprise a carboxylic acid having 1 to 10 carbon 30 atoms and is . |
orsirRISATRRRelE G Y te A1 D RLIBTAG ISR YSL LRSS Bpdia s s 165!

200G, angak slavaisdoniessste d Hole KR kang) withawpardsh@ressurnd an
of carbon monoxide of 2-30.4 WO 2005/107945 PCT/G82005/001216

aiosprire alkakingearB&eitted out in one or more reaction zones. The
processral tag s KRRy estindsis taBldicsH aclyia pidipaddestoothaa pragwal of
corrosion metal contaminants from a carbonylatjon catalyst selution. . .
CHRBHGG SO I LB RO St e POAd B Al llaline
waier masatieasi imetkyl mactate]lalisastinagabmoier selestpdtfroprovided

ruthenium, osmiu d rheniu d an alkali and/or alkaling earth metal.. ..
e SRS ALAT S S e e hen e MR Fa etk

inyentignmanbeaithernl th simbtp afigtoerttingiedidacittyPatabthe cation

alkali or alkaline .earth.metal form. Any alkali metal .or alkali _ tal
At ﬂgeégﬁ‘éjplfégefzﬂé 81\%3851 Ceag%%gf)%a ing a a#?rr&nlg?a%gg{aai%ﬁne
earth mBtah cavag-isernpdoy exkindide vk adsim etalavr diftdd seremnteiplbtal

salt capahle, of generating igdide | itably, i e resin
s TS B e G A
stivinylheictarec opedkaacior y pberesiferaatdghdapradensnnendalymer.
SHIEBN 8 SYANOAGI DB SSIBBIBRE F SUAOBARSIEANCL or esters or

divinylbenzene olymer or a phenol-formalde B{;}Ie condensation

piblyveresphadingakitzibsel @y pehenpiviayb L aciapoiy s Gk gHetspee rosin for
nﬁ%@lﬁ%ﬁ@ gr@ﬁﬁit AR QM strong-acid type resin.

The resin may be either a macroreticular type resin or a gel-type resin.

The cation exchange resin may be converted to its alkali/alkaline earth metal form by
contacting the resin with a solution of an alkali/alkaline earth metal salt, such as a
solution of alkali metal acetate or iodide, for example lithium or sodium acetate or
lithium or sodium iodide or a solution of the iodides or acetates of an alkaline earth
metal such as the acetates or iodides of magnesium or calcium. Suitable procedures are
well known in the art. The amount of alkali metal br alkaline earth metal salt added to
the resin should be such that the loaded resin has greater than 0 but less than 100% qf its
active sites loaded with the alkali metal and/or alkaline earth metal. For any given resin
the exact degree of loading onto the resin required to maintain the concentration of
alkali/alkaline earth metal in the catalyst solution will depend on the amount of
alkali/alkaline earth metal employed in the carbonylation reaction solution, the specific
alkali metal or alkaline earth metal to be loaded onto the resin because different metals

will have a different degree of affinity for a resin, the flowrate through the resin bed and
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the corresponding nitriles or a phenolic resin. Preferably, the cation

exchange resin for use in the present invention is a strong-acid type

resin. The resin may be either a macroreticular type resin or a gel-type
WO e cation exchange resin may be converted to its ARAIPBKSE 1216

earth metal form by contacting the resin with a solution of an

afka R SBPT FREe0 Slie, rstistbed A ysitativnior aikadine eataloeedtprocess

OfQelicieHOE SamPAG MY AL 28R THhARE RIS QF IR SOHHMon ; js >0 to

iodide or a solution of the iodides or acetates of an alkaline earth meta

shehrsnARdrBeatdbOrTHRIEAS bF MAgABRInm Groalbiersis sty has >0 to
PEOCEILHE S Aee Sn N el ARaW NIRRT oA @MauBH of aHsalL MEtal®e sites. For

alkaline earth metal salt added to the resin should be such that the

|G2JBHVERIARS G esterthih B Buthe senrriTabon o brodumdvpe itk reactor
leadreymitiviho rikal metalansobalkalinereacihmetal (FR ey AVEium form,

resin the exact degree of Ioadlng onto the resin required to maintain the

R aBHE-SHERP B RaRal Al e Bk e e ifeH ‘ﬂ*@%%t&l%t%ﬂ&lﬁ éPngvifuch as 30
dend smiithe eyaeies. of 30 alkali/alkaline earth metal employed in the
carbon(yjﬂ, tion reactlon olution, the specific alkali metal or alkaline earth

. metal t 338%@881’(3& tﬁ?&?&é’ﬁt%@%ﬁféﬁﬁﬁbﬁ%?ﬁ kel @&kl 95 alkaline earth
diffesefiraegteetiol effiibyfarnem resilyshe fiewraie ise u%th%ﬁ@ﬁmn%%y

: and WO 20%15/§ o Tﬁ%T/G 005/001216 the eratln erature

P e AR DLt yRisd Lhsatayst
carhadmtratpansed kibinduighi o ad-thel tffah&reaatrbonylatlon solutlon is >0 to

150 ppm, and where the r sin is to be in.its Jithiu the re uitably
has >OTh €052 cﬁtl ol v%e Si !e rgoaa V\%#Hﬂﬂ%’#lﬁgﬁ %Bsﬁéi‘%ﬁgumg the
Shftosioltstatileesites] Emcésawn}i,dm gemmdjyfeetﬂqurmeﬁﬁmﬁtﬁf@lfyﬂme resin

con ion o sod| ns in the re rbon atlon solﬁttlon is >0 to
1p;%[;&nt%zin é‘n reS| be% i 52580 IL(J%I] &rrrhes &in suitably

has >0 'i&l@@%tmtugaxft’the sitberipatienl witiysodmhidongifistiehcatidilexehange
ool i3 AR LGS EAR,rRIacn ALIDB CRIONEEERANAS ISRRD >
ta wit

alkali metal or alkaline eart 10 me e car onytaflon catalyst
Jempigatwaghos cHiciEgesing e ehilheswialyie suntiendodhtrwdbe tmmperature

R ER/HIBDAR N BYRIGAMN. (e ARINCAMBHRGRIR Y Stesirable decomposition. If
temperatures above the boiling pe'int of the catalyst solution are employed, then the
contacting should be carried out under pressure to maintain the catalyst solution in the
liquid phase. Suitably, the contacting temperature may be in the range 0° to 110° C such
as 10° to 100° C. However, pressure is not a critical variable. Generally, the contacting
operation may be carried out at atmospheric pressure or a pressure slightly above
atmospheric but superatmospheric or sub~atmosphenc pressures may be employed if
desired.

‘When the cation exchange resin in its alkali metal or alkaline earth metal form

has reached its capacity for corrosion metal contaminants it may firstly be rinsed with a
liquid compatible with carbonylation processes, for example, carboxylic acid to remove
residual carbonylation catalyst solution and then regenerated. The cation exchange resin
may be regenerated by the methods recommended by the manufacturers to displace the

retained corrosion metal contaminants. Suitably, a solution of carboxylic acid, such as
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solution is passed through a fixed-bed of the resin. The rate of flow of the
catalyst solution through the fixed-bed of resin during the corrosion metal
removal process will, in general, be that recommended by the resin 15

W?r?:?ﬂ?fi‘z%?ﬁ?er and may typically be up to about 20 bed volunféd 5ei2Abuto1216
The contactin%ﬁof the carbonylation catalyst solution with the cation

BRERAE e SikaH et tirRinmeEE RS AactBIMSHIR D H Bl Safeat

RISy Hakiee iemperRiNe.abeve the freezied Roibiakibe eaiakyst solution
and below the temperature at which the resin and/or the catalyst solution

exhibitS RSP BIEGEL SRTESHART TP26 RhRperai Pe e mBe thE Baiig may
Roipkaiitia camiv soldticaiarmnpieyeds thedhecentacingnsbas skhess.

carried out under pressure to maintain the catalyst solution in_the liquid
BRtRally R, ML COGTERRG tERPEAST S M BEHRU G FafyE Y oprgtalyst
$o16t161 i@Bekih nd0A GrdlgWenereAtesslrens siaharetical ainaldlés are being
Generally, the contacting operation may be carried out at atmospheric
rﬁﬁ?&fﬁ@y‘%r a pressure slightly above 25 atmospheric but
superalmospbesiodiruiratmasphaimpsesstivetrieapbicaniploygd iémoval of
desired. Wh(—‘gn the catior]( excglan e resin i%tsgglkali metal or alkalin
COLFOR T RAT O T AR R 18 APty For ST IEn g Rgpese an
cohibdsinan; pri¢foralyl fiy siby bed insked . Fishhecdigostbr amepaitbieanithant may be
carbonylation processes, for example, carboxylic acid to remaye,30.,
TSRS s R i SR e S R
siuhditgehgsimlimay bmagbempratd d,0690thprmieyhvod glrecOmeaéritleckinount of

th fact i i 0Sion il

e e R G e
ROTHERBH006[00¢ 2aGosicatieididherdt @ika inbiali orcéakalinbkdineearibtalctal
ﬁaaﬁgom%*}@sﬁllj%@g?%t ¢ (8 QHIM, ARG QR MRAARRRIHIL AGEI 0w rate

e used to regene e resin. The corrosion Mmetal contaminant

may
péino valabyecrdstionieasteseqianoviimior figynrsabpe it de s25 badeh or
as a CON{IURLSHAR GRS MR IRIA RN e 3 CUHIMBHS RIS SRF irPone or more

Optionally, more than one resin bed is provided so that whilst the
rambemnAaTBh B de serhaBrlat pirir ier db therrubgpyénionadimeanol
LR AR BEE RIS AP IRArred out in the presence of an iridium

and/or rhodium carbonylation catalyst, an alkali metal salt capable of gemerating iodide

ions, methyl iodide co-catalyst and optionally a promoter, and a finite concentration of
water, the product will be acetic acid. The crude acetic acid product may be recovered
from a reaction zone by flash separation. In flash separation the carbonylation reaction
composition is passed to a flashing zone via a flashing valve. The flash separation zone
may be an adiabatic flash vessel or may have additional heating means. In the flash
separation zone a liquid fraction, the carbonylation catalyst solution, comprising the
majority of the catalyst and, if employed, the majority of the promoter, is separated
from a vapour fraction comprising acetic acid, carbonylatable reactant, water and |
methyl iodide co-catalyst and non-condensable gases such as nitrogen, carbon
monoxide, hydrogen and carbon dioxide; at least a portion of the the carbonylation
catalyst solution is recycled to the reaction zone and the vapour fraction is passed to one

or more purification stages as desired to recover acetic acid product.
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regenerated. The process of the present invention is particularly

applicable to the removal of corrosion metal contaminants such as iron,
nickel, chromium, manganese and 10 molybdenum, preferably, iron and
WRRESEHEScorrosion metal contaminant may be present in theT/GB2005/001216
carbonylation reaction composition in an amount up to its limit of
solubilityB ST yrpiailyalhis pastyobeeipah RO PRm Y weighsroh MBsdRe; of the
amaoun ch corresion metal removed from the catalyst solution will
T S eGP A e cgrovon
ofredk@aimaetap aviadkatimebe arthiceétirt feldading kv teeniasioathiocapREity: is
of the resin. angd o ' nditions such as flow rate of the catalyst
so%ution,'regctﬁ%gﬁggggﬁﬁggﬁf %gr%%%(fa %ar%ée(i)?(i B FEGAS 8?/5\0‘33/55 of the
liuigephasersanbtnydation reavtiom iseehevatyndaniie dinl priovadeaaramigee
"eReliah £006R MIEE e sahanYaion saction s ine carbanation of
methanol and/or a reactive derivative thereor and 15 cartied oUt i the
pragempdagpameriddam 20 and/or rhodium carbonylation catalyst, an alkali
metal saft,capalis ARAGASKINSIORIYE iRRR-MERML IRAIde cocRtaliat o iy
and optionally a promoter, and a finite concentration of wa o the pr8 uc
witipsnsedadieciallawimg fmsmadestic acid product may be recovered from
aprastianzanai fashosany 8RR agh seRaration the carbonylation

reaction composition is passed to a flashing zone via a flashing valve.

ThiueReepi solgH FoIECPSTAd Ry R HineARAEIO RasPHAE5 50D 6t g d§5/5 wt%
haam@&%#%%m 350 2 3RBURHAN; agid, .
fraction, the carbonylation ca alilgsat&ggrllﬂion,acompristt:%g:tﬁfge%rfé%{c?rﬁgpé? ﬁ?gk ed

cAERET 4 S iFhliTB R U EPRTa RIS T (RAISOrab ek isThepasiarhsithen
awaped ackiercamprsinarrReetic 6% fRARPRVIAIHIR 18ARA ¥ E iained 2.6

and methyl jodide co-cata;lg?/st and non-condensable (gases such as

nitfsheh RerBbiPatr BB lde Aybroldn Riva et BB e ke, Hete astpared by
poiittan 0 geméheppesband ationmeataivs Se\ R nisEer)Hes iR with unloaded

reacgoT zog and the vapour fraction is passed to one or more
pf}frﬁ SAhsh ages as desired to recover acetic acid product. 7 WO
2DOATiE At RO WIB2RHE0HL216 By treating all or part of the

cgrbonylation catalyst solution hy the process of th
reparthon me%gog X was repeatelayexcepe tgat a magnesex;um acetate solution (480 g

Mg(OAc), in 2.7 kg 95/5 wt% acetic acid/water solution) was used to load the resin.
"The loaded resin contained 4.4 wt% Mg. Resins loaded with 0%, 25%, 50%, 75% and
100% magnesium were prepared by mixing together appropriate amounts of the 4.4wt%
magnesium loaded resin with unloaded Amberlyst 15.

Examples 1 to 5 | |

A carbonylation solution was prepared by mixing 17.2 kg acetic acid, 1.0 kg water, 1.6
kg methyl acetate, 200 g iodomethane, 1.9 g iron acetate, 2.6 g nickel acetate and 11.1 g
lithium acetate. The solution was pumped at 1.0 Lh™ through a bed containing 100 ml of
resin. Samples were taken after 2, 4, 6, 8 and 10 bed volumes of feed had passed
through the bed and analysed for Li, Fe and Ni content. The intial concentration of Li
and the corrosion metals and the results of the Examples are given in Table 1.

Examples 6 to 10

The procedure of Examples 1 to 5 was repeated except that in the preparation of the
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present invention, the build-up of corrosion metal contaminants in the

carbonylation reaction composition can be reduced. Preferably, a
tﬁ@ﬂh Qf catalyst solution is removed from the flash separation zone

freated according to the process of the 5 present inventibh & Fafaia1216

co ré)ﬁc,i?% (r)net I %ont%%na ts and provide a catalyst solution having
Faduced CotEsion OIS Rifia oA e tisaef lithium acetate.
tacbonidbtieneantenirhtienpraserkinvestion wihnpwshecilustiatedoyway
of example only and with reference to the following Examples. 10
Preparation Method 1 : Loading of Resin with Lithium Lithium acetate
solution (prepared by adding 460 g LiOAc.2H20 to 2.5 kg (95/5 wt%
acetic acid/water solution) was passed through a bed containing 500 ml of
pre-soaked Amberlyst 15 at a liquid hour space velocity (LHSV) of 4 h-1.
The resin was then washed with water and oven-dried at 100C for 24
hours. The loaded resin contained 2.6 15 wt% Li. Resins loaded with 0%,
25%, 50%, 75% and 100% lithium were prepared by mixing together
appropriate amounts of the 2.6wt% lithium loaded resin with unloaded
Amberlyst 15. Loading of Resin with Magnesium Preparation method 1
was repeated except that a magnesium acetate solution (480 g 20
Mg(OAc)2 in 2.7 kg 95/5 wt% acetic acid/water solution) was used to load
the resin. The loaded resin contained 4.4 wt% Mg. Resins loaded with
0%, 25%, 50%, 75% and 100% magnesium were prepared by mixing
together appropriate amounts of the 4.4wt% magnesium loaded resin
with unloaded Amberlyst 15. Examples 1 to 5 25 A carbonylation solution
was prepared by mixing 17.2 kg acetic acid, 1.0 kg water, 1.6 kg methyl
acetate, 200 g iodomethane, 1.9 g iron acetate, 2.6 g nickel acetate and
11.1 g lithium acetate. The solution was pumped at 1.01.h"1 through a
bed containing 100 ml of resin. Samples were taken after 2, 4, 6, 8 and
10 bed volumes of feed had passed through the bed and analysed for Li,
Fe and Ni content. The intial concentration of Li 30 and the corrosion
metals and the results of the Examples are given in Table 1.



Examples 6 to 10 The procedure of Examples 1 to 5 was repeated except
Weatinstheaeeparation of the 8 WO 2005/107945 PCT/G82005/03k85/001216
carbonylation solution 23.0g of magnesium acetate was used instead of
lithium acetate. The initial metal concentrations and results of the

Examples are given in Table 2.5 10 15 20 25 30 9 WO 2005/107945
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11 WO 2005/107945 PCT/GB2005/001216 The results in Tables 1 and 2
show that where the resin is unloaded all the alkali and alkaline earth
Wee¥40843oved. Where the resin has 100% of its active sitegdaacethomith 216
the alkali/alkaline earth metal, there is significant elution of the metal from

& esiwinto Tabled ludoh 2sbrebihrtorbasinbethsicon caiteatidn]dthe alkali and
%ﬁ&ﬂfﬂ@%ﬁ%ﬁhs'?&&?dvédﬂﬁ)@@ée{neoﬁ%gfﬁ o0 Wb %?P‘"%‘“'a%'% loade ded with

: : . . S € SIt
resin achieves S|gn|f|cant corrosion metal remova W?']I S Sl?l%stan |aeﬁy

ri atkidiiadceha cotkatly alcidin & ereta b tomb et adicioin dhitheaadvd iydatior resin
SeMtiRR s rAmRIRS by ANded B ¥ ' ange resin

having §O% of its aét?i%/e sites_,& fé%‘?edm\iv%?’% 'i%ﬁt?gn%v%gg%?@%%r% A'metal.
JdaeVrNFigRP P PaTEHbn DAt easisd vesimachivysarisgn franvpleod dnthestal
SRME, MR AL aRIBRRTHS RrADIMENHD AR Bhiy | isinits.. .
proton form). A catalystygolution ob%ined ?%ﬂr@%%q%gsﬂﬁé%g% gnagggt% the
Seipoagation selitem comprising acetic acid, iridium, methyl iodide,
peiRvbiaceiatgd lithium, corrosion metals and water was passed through a
30 ml'volume of each resin bed at a 15 flow rate of 300 ml h-'. The effect
drdEaraRin etsRn i shanenetndenipaiiVir it aetiinoiterdoshedwith

Rithidmids besAEN aRQNEABAS T ae. G RRHSAD IMaBlV LRy éoﬂ%)g?ﬁon Example

concentration of lithium in the reactor became significantly depleted after

1do'toiree SR MHRESH s R5askbutwdd. o kit deading dthwdspanianyoton
leaded sesimrpsubindith ybiialy Rerheichangsin biereactar JthivMction

concentration.. NP . ’
system comprising acetic acid, iridium, methyl iodide, methyl acetate, lithium,

corrosion metals and water was passed through a 30 ml volume of each resin bed at a
flow rate of 300 ml h™. The effect of the resin beds on the lithium concentration in the
reactor are shown in Fig. 1. Fig. 1 clearly shows that for the comparison resin (Ex. 11)
the concentration of lithium in the reactor became significantly depleted after 100 hours
and lithium had to be added. In contrast, use of the partially loaded resin resulted in
 virtually no net change in the reactor lithium concentration. |
Example 13 |
A 50:50 mixture of Amberjet 1500 and Amberjet 1200Na (both strong acid gel type
resins commercially available from Rohm & Haas; Amberjet 1200Na having sodium on
the active sites) was prepared. A catalyst solution obtained from the flash zone of an
acetic acid reaction system comprising acetic acid, iridium, methyl iodide, methyl
acetate, sodium, corrosion metals and water was passed through a 30 ml volume of the
resin bed at a flow rate of 300 ml h™". At 30 hours and 10 hours prior to the start of the
experiment samples of catalyst solution were taken and analysed to ensure a steady
concentration of sodium. Fig. 2 illustrates that a cation exchange resin partially loaded

with sodium does not significantly alter the sodium concentration in the reactor.

12
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20 Example 13 A 50:50 mixture of Amberjet 1500 and Amberjet 1200Na
(both strong acid gel type resins commercially available from Robin &
Haas; Amberjet 1200Na having sodium on the active sites) was prepared.
A catalyst solution obtained from the flash zone of an acetic acid reagtigpm WISE
system comprising acetic acid, iridium, methyl iodide, methyl 25 acetate,
sodium, corrosion metals and water was passed through a 30 ml volume
of the resin bed at a flow rate of 300 ml h". At 30 hours and 10 hours prior
to the start of the experiment samples of catalyst solution were taken and
analysed to ensure a steady concentration of sodium. Fig. 2 illustrates
that a cation exchange resin partially loaded with sodium does not
significantly alter the sodium concentration in the reactor. 30 12 LLOYD
WISE Claims 1. A process for the removal of corrosion metal
contaminants from a carbonylation catalyst solution comprising a
carbonylation catalyst selected from iridium, rhodium and mixtures
thereof, an alkali and/or alkaline earth metal and corrosion metal
contaminants which process comprises contacting said catalyst solution
with a cation 5 exchange resin having its active sites partially loaded with
@sifficient amount of alkali and/or alkaline earth metal to maintain the
concentration of said alkali and/or alkaline earth metal in the catalyst

bolution areFreedvetheg ansarelipSegurion wrtersesamésimsfommictarbonylation
B At rodlam o A progges ™

andtorgingenterpel1an rbkatirand/en atsping cusbi orctat emdrrgeresKin mekal
SRR YREIC BB AL BHRRRRS ARRALHING SO SRR AVUBRIBH P a cation

strong acid type resin is a sulphonated styrene divinyl benzene

evpuREssEBR Aptes HE friva sienprstdlidleadad orith 8 pHleHE amount of alkali
and/or alkaline earth metal to maintain the concentration of said alkali and/or alkaline
earth metal in the catalyst solution and recovering a catalyst solution of reduced
corrosion metal contaminant content.

2. A process according to claim 1 wherein the catalyst is iridium or a mixture of
iridium and rhodium.

3. A process according to claim 1 or claim 2 wherein the cation exchange resin is a
strong acid type resin.

4. A process according to claim 3 wherein the strong acid type resin is a
sulphonated styrene divinyl benzene copolymer or a phenol-formaldehyde condensation
polymer.

5. A process according to any one of the preceding claims wherein the cation
exchange resin is a macrorecticular resin or a gel resin.

6. A process according to any one of the preceding claims wherein the resin is
partially loaded with an alkali metal.

7. A process according to claim 6 wherein the alkali metal is lithium or sodium.

8. A process according to claim 7 wherein the lithium or sodium loading on the

resin is >0 to 60% of the resin active sites.

13
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5. A process according to any one of the preceding claims wherein the
cation exchange resin is a macrorecticular resin or a gel resin. 6. A
process according to any one of the preceding claims wherein the resin is . }
partially loaded with an alkali metal. 20 7. A process according to claim g-OYD WISE
wherein the alkali metal is lithium or sodium. 8. A process according to

laim 7,wherein the lithium or,sodiym, loadi nthe resin is >0 to O%%
the resth ASkoR SRSareHas o s PE b perem Afls Bl Q1o leadhaeiss?o o
eredththactitreusmesr sodium loading is 30 to 55% of the active sites. 10.

procgss according. to claim.1.wherein the catalyst comprises iridium, the .

B B R O R o rsin
banzmoratitnahithecthveamiboripkateimsdiutibiuisand tbelbbippneohderdration in the

9590%%?3@%@@%%35}(3& } A Oll%'uerﬁjln the catalyst comprises iridium, the

resin of its acfiv es loaded with sodium and the sodium
tbncentrationesn aheordanb dmylatior sdlation @ td HOO@PPnisdéLirAlium, the resin

RISCH YD B6SL E)CP Rg 1 RIW, 08 l(%&g'ﬁ &ﬁ%@?ﬂﬂ&ﬂﬁﬂﬁe"@ ?lrﬁ’lrlrrl] éggc%gtration in the
carbonylation catalyst sofutlon IS obtained from the |IQUIC? p]hase
cattiyanyjativorsaftinnascohod 400k, reactive derivative thereof. 13. A

héianaicd . tive thereof. 13. A
e e G N

ewbrglation satebisé selatcordingtanethiram 3hehigraihthestigaitiqutydaéon of an
gﬁ@g}%ﬁl)Am}gpﬁeg.éi%r&@g,%éjﬁg%o@ydrous or substantially anhydrous

conditions. 15. A process according to claim 1 wherein the carbonylation

ttalystuharsh dscorsiaimediam B2prbeess theprathonelativarbeii seidion is
aPiRL R EaPRiG A8 rﬂ%‘lﬁ'@@a%oﬁ&ﬁaﬂ@?@ﬁ%ﬁ%ﬁoﬁ%%ﬁ&@ﬁ&&%.

an alkali or alkaliné earth metal salt capable of generating iodide ions. 20

i6. A pfopresssaassediHgadocsdanm il fuwaeessntHie trbdrihagiosptaaljation is
SRIHE@B S under hydrous or substantially anhydrous conditions.

15. A process according to claim 1 wherein the carbonylation catalyst solution is
obtained from a process to produce a carboxylic acid and/or a carboxylic anhydride in
the presence of a rhodium catalyst and an alkali or alkaline earth metal salt capable of
generating iodide ions.

16. A process according to claim 1 wherein the carbonylation catalyst solution is
obtained from a process to produce a carboxylic acid in the presence of an iridium
catalyst and an alkali or alkaline earth metal salt capable of generating iodide ions.

17. A process according to claim 16 wherein the catalyst solution also comprises a
catalyst promoter.

18. A process according to claim 17 wherein the promoter is selected from the group
consisting of ruthenium, osmium and rhenium.

19. A process according to claim 1 wherein the carbonylation catalyst solution
comprises an iridium carbonylation catalyst, methyl iodide, water, acetic acid, methyl
acetate, at least one promoter selected from ruthenium, rhenium and osmium, and an
alkali metal and/or alkaline earth metal.

20. A process according to any one of the preceding claims wherein the corrosion metal

contaminants are selected from the group consisting of iron, nickel, chromium,

14
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obtained from a process to produce a carboxylic acid in the presence of

an iridium catalyst and an alkali or alkaline earth metal salt capable of || 0oyD WISE
wgenedatingiedide ions. 17. A process according to claim 16 whetaisihe 001216
catalyst solution also comprises a catalyst promoter. 25 18. A process

agerdingsto.claim g uhgkein the promoter is selected from the group
consisting of ruthenium, osmium and rhenium. 19. A process according to

chaim | wheFefhsthis ciitBRYREBH WRAakSE SERIAGH SCOmTBH SEY dinirffinied as a
cashanylationsatalyst, methyl iodide, water, acetic acid, methyl acetate,

at least one promoter selected from ruthenium, rhenium and osmium, and

an 30 alkali metal and/or alkaline earth metal. 20. A process according to
any one of the preceding claims wherein the corrosion metal

contaminants are selected from the group consisting of iron, nickel,
chromium, 14 LLOYD WISE WO 2005/107915 PCT/682005/001216
manganese and molybdenum. 21. A process according to any one of the
preceding claims which is operated as a continuous process.c 10 15 20

25 30 15

15



