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WO 2005/113479 PCT/GB2005/001529 PROCESS FOR THE
REMOVAL OF CATALYTIC METALS AND PROMOTER METALS FROM
CARBONYLATION PROCESS STREAMS The present invention relates
to the recovery of GroupVIll carbonylation catalyst and/or promoter metals
WROMO5rHdEs streams obtained in carbonylation processes. T§E/GB2005/001529
production of carboxylic acids and derivatives thereof such as esters and
anhydrides by the carbonylation of alcohols or reactive derivatives thereof
in the 5 presence of a Group VIII metal catalyst such as rhodium or iridium
or mixtures thereof and a catalyst promoter is well known and is
described, for example, in EP-A-0144935, EP-A-0643034 and US
6,211,405. Typically, where the catalyst is iridium the catalyst promoter
maybe selected from metals such as ruthenium, osmium, rhenium,
tungsten, zinc, cadmium, indium, gallium and mercury as described, for
example, in EP-A 10 0849248 and EP-A0643034. Where the catalyst is
rhodium the catalyst promoter is typically lithium. Typically, in the
operation of a carbonylation process, such as the production of acetic

acid, theJiguickreentiaRaORBRRIPR fTesw Rﬁﬁi%ﬁ%?ﬁ%ﬁ\%isf 19 G’
mo flah separatlon vess W 'eren e ca ays coO
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28HRINRD PEEOHAIBEH A 1R1NE YRPRUE AR ANd.IRgmetals are th %?e

[t%?ssed to the product purification section 20 of the process from where
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Oéj%%é4§[b§ﬁ%}0/gge of a resin comprlstfﬂg heterocy ¢lic nltrog]én contalnlng

6084 e CEE O AT IEaIS TG he catalyst promoter
typically lithium.

Typically, in the operation of a carbonylation process, such as the production of
acetic acid, the liquid reaction composition from the reactor is passed to one or more
flash separation vessels wherein the catalyst components are separated from the more
volatile components. The liquid fraction.containing the catalyst components is recycled
to the reactor and the vapour fraction comprising acetic acid, methyl acetate and methyl
1odide is passed to the puriﬁcation section of the process. However, it has been founa
that a low level of catalyst and/or promoter metals may become entrained or contained
in the vapour fraction and the metals are thus passed to the product puriﬁc;ation section
of the process from where they may be removed from the acetic acid product as a Wasfe
stream and ultimately disposed of.

The catalyst and promoter metals z;re often expensive and significant cost

advantages may be achieved by minimizing the loss of such metals from the process.
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product stream of a liquid phase, homogeneously-catalysed carbonylation
reaction. In 5 such a process, the vapour fraction emanating from the flash
vessel is contacted with the aforementioned resin, which removes
entrained or volatile Group VIII metals contained therein. US 6,329,435

VY2 2Utibdd4te preparation of monodisperse, crosslinked bead(Futy#aens001529
containing thiourea groups and their use for absorbing metal compound,

in 10rpasicWiar-hravyeial GO RPIESO APl MELAL EAMPAURASY product
P-A-1203777 .d%;cribesL%t i #Yrea-fténcti?alised resin for enhance
iu

SUptaka of o hd' R Hydr8GSHREE At Hbiem comprising

hEpR118 185 disclusesiar ogess foitthe semevet Of-cosrosiomenatakon the
ronlerainanls tom.aligud omrosiion fomRLNG 8 croic ackd, of
pcarboxylic acid an ydrilﬁ(q:i%1 15 risin% a cheSTgting ?Zg%.cﬁt?g?ﬁ%lrgélrlgﬁgi%% ahl

SRR S Hrocese P8 s tessrerysirefiadba fardr v preshistemetedsvith the

aﬁﬁﬂmeﬂﬁbﬁéﬁ/faﬂiﬂﬂvﬂﬁm%rﬁﬁgﬁéﬂ%ameﬁ&ﬁti%ﬂ@t’ilé't(‘ﬂgh'lbd\}?ﬁ metals contained

ﬂ%c%g%ntageous if the catalyst and/or promoter metals could be recovered in
prell'e"rence to other metals typically contained in carbonylation process

streélﬁ§§@&l§3i§dmpr@m§)ﬂil§®mﬁ;oanﬁ alkadidinptals, acddelleaisbad
pladue! Rrrification: Typically, e GHASIAR sneRIfound In carbonylation
process streams include iron, nickel, chromium and mgl%daenum. fThas

PR ST OURY T SCEMSBRRYFaThe MM G AriBeBESfunctional groups .

can BreAiseottny selectitaly 4 emave.Grastib Ml carkenyistioneatalshake of
irr(r)wnetz?\}IEr%%l/é)nr1 prom t%rq 25 meéals f_ﬁom carbonylation process streams
and. In particUIAr to Temove it ARG EFPREals in preference to corrosion

met%éo@ﬁ&l@édiiSpb)s_xawb@r@dﬂkﬁmﬂhmm@ﬁb@ﬁporf&@ﬁﬁfdiﬁ@dycdhﬁmmmm
RERSARNIRN AR RIGY s BHOCESR TBLNE RAIPEING (RMAVAL. Ol HOUR,.

VIII carbonylation catalyst metals and/or promoter metals‘from a |Iun7
UEBPGRRIEH 88 Brising a carbonylation product, at least one Group VIII

carbnnyaiien 3Raatedysda eda b anekess R MRIRICBIRIS o EeRIRSIaNMRIAlS
d ?gt}g&gfls\/falkali %r alkaline earth metals which process corré@gses

pgoglﬁ?aétmg Said Ui SO BESRiBICHth L RS alihBrESH Ao Haromi bt
afvastag qustid ot tvd Greud of ik cabenylatibr calidlyste metad dddesference to
oRfgmRIsRRelakRPRtARRL NG Aanid.eompariienand whereln the .o
metals and alkali metals added to aid product purification. Typically, the corrosion
metals found in carbonylation process streams include iron, nickel, chromium and
molybdenum.

© Ithas now been found that chelating resins having thiourea functional groups can
be used to selectively remove Group VIII carbonylation catalyst metals and/or promoter
metals from carbonylation process streams énd, in particular to remove the catalyst
metals in preference to con'osion‘meta]s contained in a carbonylation process stream.

‘ Accordingly, the present invention provides a process for the selective removal of
Group VIII carbonylation catalyst metals and/or promdter metals from a liquid
composition comprising a carbonylation product, at least one Group VI carbonylation
catalyst metal and/or promoter metal, corrosion metals and optionally alkali or alkaline
earth metals which process comprises contacting said liquid composition with a
chelating resin to remove at least a portion of the Group VIII carbonylation catalyst

metal and/or promoter metal contained in the liquid composition and wherein the
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WO 2005/113479 PCT/GB2005/001529 chelating resin comprises at

least one thiourea functional group. Chelating resins have functional

groups which attach to the metal to be removed. The chelating resins

suitable for use in the process of the present invention have at least one
WhidUREY HTctional group. The following chelating resin may BEU€820/taes29

process 5 of the present invention: S NH2 (I) wherein P represents a

ahemicaldackhenesct heicheBicahRackbaredpay ba,grganic or inorganic.
Su“?ﬁlll!ra@f or an'&c 10 chkbo[]e may be_a polymer backbone, for

examiple poky/s VRS S IRTaEISnA émb’Bﬁ/Méﬂ]fa%mgt?, By ters wmoved.
Plybropyieneipreféwdiiypolystyr éneprbhepalyiegrbackhoni Uy as: lcast
&Qlﬂﬁmﬁﬂ%ﬁ‘aﬂx&?g%ﬂlyﬁ% %ﬁt?@’i@%&%%ﬁ% e%&%%'%é{iﬁ%&sed in the process

divinylbenzene, divinyl toluene and tivinylbenzene, espe
ﬁi@?ﬁﬂ“ﬁéﬂﬁéﬁ@“’?ﬁé:chelaﬂng resin maybe macroporous, or may be of the
gel-type. 15 Macroreticular resins which comprise porous and
interconnected gel pha resulting in a 3acroporous structure may also
be emp(Byesck P ple of a chelating thiourea-functionalised resin
having a polymeric batkbone suitable for use in the process of the
present invention would DEHzwatit TP214 (trademark) available from
Sybron Chemicals. 20 Chelating resins having an inorganic backbone
may also be used. Examples of suitable inorganic backbones include

vﬁ&'&?é}_nqil}gl}ygge]jtggq)nége@%gq,b%%( nia clays and zeolites such as

aluminosilicates and aluminophosphates. Chelating resins having
bacKbG e Prskrenr mpn bsrgeniv hwoiseganiay Sidabbe thenpioyed in
bihetRiacess Bt e RreseBhiRYeRtian: @éaﬁﬁ&%m@bg!a%{cﬁgﬁtg?r use

pi thetproc SS ofohhe resent invention have a polymeric bac bone.
R R RNy o R e by ooty essmg hepolymer
biigkiidne.ompositiotythycughraafixedihed pbtha sesimiEherseatnent ofithe
dk@ﬂﬁb%ﬁ%&%ﬂqul toluene and trivinylbenzene, especially dii/iny]benzcne.

The chelating resin may be macroporous, or may be of the gel-type.
Macroreticular resins which comprise porous and interconnected gel phases resulting iﬁ
a macroporous structure may also be employed.

An example of a Che]a‘cing thiourea-functionalised resin having a polymeric
backbone suitable for use in the process of the present invention would be Lewatit
TP214 (tradémark) avé\ilable from Sybron Chemicals.

Chelating resins having an inorganic backbone may also be used. Examples of
suitable inorganic backbones include silica, alufnina, titania, ceria, zirconia clays and
zeolites such as aluminosilicates and aluminophosphates.

Chelating resins having backbones with inorganic and organic moieties may also |
be employed in the process of the present invention.

Preferred chelating resins for use in the process of the present invention have a
polymeric backbone.

Treatment of the liquid composition is usually effected by passing the liquid
composition through a fixed bed of the resin. The treatment of the liquid composition

may be carried out as a batch, semi-continuous or continuous operation employing
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may be carried out as a batch, semi-continuous or continuous operation
employing 3 WO 2005/113479 PCT/GR2005/001529 methods and
techniques well known in the art of chelating resins. Continuous operation
is preferred. The liquid composition may be contacted with the chelating

WS By suitable temperature above the freezing point oPGEGBRAeF/ 001529
composition and below the 5 temperature at which the resin and/or liquid

X sitian_exhibits unacce t%ble dec o] s'gion. Seuitabl , the process
e e L A N e R BoBooptainaby oos
‘ﬂ'iéft’r@ﬁﬁé-S to 80C Pressure is not a critical variable and generally,
atmosRIREE CERIPSSIHES I BHY oARRYE FMPERNEHERESSULE NAY, RE tabie
employed. Howeyer, superatmospheric or. 10 subatmospheric pressures A
*ﬁ%’é@e %”b‘%é%f’i‘fedté&i HLSF PGP PRE ORI SOPRSGHIPE FRES e dhg) of
temeplicptiecanpositiba tisiongh @ lixed bedpofithe ekefitingrRsibwile in

e in g LSych as.inthe ran e 10 12 h", The
e e U
P15 pefarsitedurbsitense miwySBelireated off-line. Contact of the liquid
compesiian iscrasedish QLRRIAredhechelain &%@1@3§ o&eﬁgps%geistssli ghtly

%a acitgl for the catalyst and gromoter metals. The chelating resin may
HEIT BEURREES By SRR BRecRiQE Go FostRisk the rrars pheric or
sRegenepation pktbechelatingusesindadybe achieved by the methods

reco ! manufacturers. 20 More than one chelating resin
et S T oo G R paoaepen
fined (e phdvsbmabad wae orilthorattel, tesin bedsnarel being -

j@gépﬁf@{@ggﬂ;ﬁr%%gquat{phdjelating resin maybe subjected to a
destryctive process in  order to recover the metals. Such destructive

metHods e EETRANHERADAC Hyrstg<hy Bte proersimidhe asesnipostaronay
heaesihinidie esultabt tesidde fhdyde treated or digested with a suitable

pron D e e 00 S S T R e
reached its capacity for the catalyst and promoter metals. The chelating resin may then
be treated by any suitable means to recover the metals. Regeneration of the chelating
resin may be achieved by the methods recommended by the manufacturers.

More than one chelating resin bed may be used such that whilst the }‘iql;id

composition is being passed through one resin bed one or more other resin beds are

- being regenerated.

Alternatively, the chelating resin may be subjected to a destructive process in
order to recover the metals. Such destructive methods include combustion, pyrolysis or
chemical decomposition of the resin. The resultant residue may be treated or digested
with a suitable dissolving medium, such as a Bronsted acid, such that the catalyst and
promoter metals are solubilised for recovery.

The process of the présent invention is particularly applicable to the removal of
Group VI carbonylation catalysts such as iridium, rhodium and mixtures thereof and .
their associated promoter metals such as ruthenium, osmium, rhenium and mercury . \
from liquid compositions comprising corrosion metals typically found in carbonylation
processes such as iron, nickel, chromium, manganese, zinc and molybdenum,

particularly iron and nickel.
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The process of the present invention is particularly applicable to the

removal of Group VIII carbonylation catalysts such as iridium, rhodium

and mixtures thereof and 30 their associated promoter metals such as
ruthenium, osmium, rhenium and mercury from liquid compositions
VEBrIfdiRG Eorrosion metals typically found in carbonylation PeaceBs@s/001529
such as iron, nickel, chromium, manganese, zinc and molybdenum

partigidarhciran,and fﬁlg@t 141\%’19(%9@?%%@&%91}? a%?é{a%‘le ARS 9 %‘e%:%c?va h1$

roc%s of the present invention is pa icularly appl e removal 0

NP R B AN B R e ik el S i mAatien procesobtained
ﬁsmetam@ﬂmmﬂmbnfwranthec@mbmyﬂah on:0fa0! aleObph sYehrsIRshanol
ct ve t n_th presen e of a Grou V111
thggeg!g%ygtlgn %éagt%jlégt\{ ?ﬁog a |El 180 8/% caﬁafi}C Y5 aRaliogt %?Bﬁ‘?di%‘r
Caé#d%[ﬁl@ﬁﬁawfﬂfm@%dwéem?miéﬁm firite rcoﬁhgmqumh egmpasition

treated ininedarapessof fRepresant jyantion IS0 GO, (I)%emlalé(allsfor
1S 0

tals such as lithium, sodium and/or potassmm

alkaline earth m
R TR Ak A AL A P B AF R PR Sy areigalpategam. Sals
mmw&mm&gerﬁumemmmmﬁﬁalyﬁeﬂ@@mamyla&mrygrg&esses and/or

pl%ﬁ:ﬁo@é}gﬁgg%s%ps %ﬁ%@%ﬁlﬁg g%laliysc car u”g 18(5%0 r}%ﬁdﬁﬁ%gﬁ‘%}bﬁ zli%fa%}ided to

composition to be treated In the Process of the pres
digidlromforisBnsrieanvdieationaisenylation reactant, for example, alcohols,

ethanss h@lﬂ%x%&l%l@%@f@ﬁ@é&@@y &@Q%Xﬁﬁgsr %Q'?tl% 81&]11%}%

als ﬁ%lse CrtoCO a such as methanol; dialkyl ethers w er

“S‘Esé“?ﬁ%l‘&%‘ﬁ éﬁf H%\?E"Ff&aféa&%%%ﬁﬂal%rﬁ@omlﬁﬁhﬁmémhdes
audi:fmeetlstyiethﬁma%bkyl thalmdﬂ&hﬁmmgl TelerthQr W?@B@Qﬁmxfﬁ EXAITHRI s,
o t sf,3 retrgng: al ols \{lwth C 11 carbox I|c
° %ﬁ%&%ﬁ%ﬁgrﬁ% m%% acetate. (ﬂjﬂq e c%srﬁlﬁ)dg ’rlﬁlé')}léf?o to 10

Caé%‘?ﬁﬁﬂ%}ésaﬁoﬁéﬁmkf ﬁ‘ﬁ@ﬁtﬂ‘ﬁh@ aHQ]ﬁéaNﬂsém“lmg lars@ficadbon atoms,

foﬂ@idﬁﬂ@ﬂé’ mgpwaﬁh@raﬁ@ dodider salbef amalkal ol '@“{bec?ar@brﬁ%?'
table ua ernar sphine jodide salts are 20 described in'U
a"hf%z% “@ﬁté‘iﬁg‘ L?a? Fary AR drere SHierare HRISe rAEIPI LS

10@,1%@faaglau&nﬁﬁﬁ%ﬂwpﬁﬂe,%@ﬂ96ﬁBntTrhedWﬂmﬁ&HﬂEQﬁHQ Rodide.
saif%?tﬁga @:Hq%r Qﬁgﬁﬁ)% glftﬁhx%& ?S§u1LcaQYCe<?1}£ema @/p%gss%igx%@gclg e salts are

solvent compatlb e with
described in US 4,333,884, Smtable quaternary amine iodide salts are described in US

4,333,884, US 4,430273 and EP —A-0479463. The liquid composition treated in the
process of the present‘ inventionmay also comprise a solvent compatible with the
carbonylahon process from which the liquid composition is derived. Where the liquid

c0mp051t10n 1s derived from a carbony}atxon process for the production of a carboxylic

, a01d, the liquid composition may also comprlse water.

Suitably, the liquid composition is derived from the liquid 1‘éaction'c01np;)sition of
a liquid phase carbonylation reaction for the production of carboxylic acids and/or
carboxylic anhydrides, preferably acetic acid and/or acetic anhydride by the
carbonylation of alcohols, ethers, esters and/or halides in the presence of a thodium or

iridium carbonylation catalyst, a halogen-containing carbonylation co-catalyst and a

" carbonylation catalyst promoter/stabiliser.

Suitable rhodium catalysed carbonylation processes are described, for example, in

GB 2146637, US 4,994,608, US 5,001,259, US 5,026,908, EP-A-0144936 and EP-A-
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carbonylation process from which the liquid composition is derived. Where

the liquid composition is derived from a carbonylation process for the

production of a carboxylic 25 acid, the liquid composition may also

comprise water. Suitably, the liquid composition is derived from the liquid
Wezétomiésthposition of a liquid phase carbonylation reactio® €5y ¢i#a005/001529

production of carboxylic acids and/or carboxylic anhydrides, preferably

cA9ats Al anglek. acellc apvaide prdig,athanaton g algenols.

ethers, esters and/or halides in the presence or a rhodium’o

SCABONY IR CSEARAES SeRRABYH sOPRRSAARS dai Bisiyladiortico-catatyst did

aaidsaﬂbbfatﬁii@ﬂ@&mwﬁi(w@rggte,rﬁst@gﬁis%i&u&%llal%@%i %ﬁ%&ggfﬁsﬁgeﬁc
[ tion processes.are ihed, for example, in 46637 , US

e BT DR e R e R oo e

appptit 34 0oPEITIGR A005/0018R6t 01 4085 whiith relate to the

pProducian.QfaRIACYIC A Q%Qyngﬂg&pﬂ%%g%By Br 21 8§dgibgéwm

d&scrib,es carbonylation processes for the production of‘car OXWCO acids

AR A BRARR KPR cRES CersTb e b 6 WHBH escribe the preparation

of acetiabaninydrie dyheashanyiasion, &P/ 008820 whichigseripan they

ogiyct rl r without the net production o

Sl Tl Cot LA oAb ErEGESB Pyt
apr dassetion. dbrcarpapylimde 21pF8,dridles are described in GB 2,333,773.
Suitphle-rhadivm SRIReRYIANAN.C re described..for example, in. .
_EP-A-0 1619874, T g%%bgg ?%?, B R i eposition
IS TS RREfoH 24Pty S PRI B g Rfelodisrexample, in GB 2,333,773,

PreferabiynideothpeliitionGats) v Consamntbation et Jiguit I8a6H M tion
weight of rhodium. The

mpeosition. is.in the, range 100 to 2500 ppm
b R B g b e iR PoEshn e
agishnpesitisiyoicatpatt praseboasbomylatiaic vbalbtiothéor, tyesprofdictionaks in
acappaulic of aasigs prefarably.acaticacid 9;/39359&%'@%% %J%EOL§dium

eihersgesters and/or halides'in the presence of an iridium carbonylation
C

ISP SR ecaralls bt fana-fls. caprbryiatonctealySestiite
caleghtratide @osesatalyst, a catalyst promoter and a finite

Suitable iridium catalysed carbonylation processes for the production of
carboxylic acids such as acetic acid are described, for example, in EP-A-0643034, EP-
A-0752406, EP-A-0846674, EP-A-0849249, EP-A-0849251 and EP-A-0849248.

Suitable iridium carbonylation catalysts are described, for example in EP-A-0 643

034 and EP 0 752 406.

Preferably, the iridium catalyst concentration in the liquid reaction composition is
in the range 100 to 6000 ppm by weight of iridium.

Suitable iridium carbonylation catalyst promoters are, for example, ruthenium,
osmium, rhenium and mercury, preferably ruthenium and osmium. ‘

A suitable iridium promoter concentration is 400 to 5000 ppm.

The liquid carbonylation reaction composition may also comprise an alkyl halide.
co-catalyst such as methyl iodide. ‘Preferably, the concentration of the alkyl halide co-
catalyst, such as methyl iodide, in the liquid carbonylation reaction composition is in the
range 1 to 20% by weight, preferably 2 to 16% by weight.

Water may be formed in situ in the liquid reaction composition or may be

6
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concentration of water, Suitable iridium catalysed carbonylation processes

for the production of 20 carboxylic acids such as acetic acid are

described, for example, in EP-A-0643034, EP- A-0752406,

EP-A-0846674, EP-A-0849249, EP-A-0849251 and EP-A-0849248.
WOPAEE fidium carbonylation catalysts are described, for exBETEBE#05/001529

EP-A-0 643 034 and EP 0 752 406. Preferably, the iridium catalyst

. ion.in the liquid.reaction composition is 25 in the range 100 to
O o by e oF ok o S Bl iy oer
CPPORABEEIS Grdcitieehammolepastieniuicfoshiiuthe treniunmagng eheraurin the

lateferabliorehenivmand asmilahA suitable widiumpipmater a
lg%mtg/engratio is 400 to 5000 ppm. The liquid carbyonyl tion Pé%gfi%fﬁmb]y’ 1o
comp"ésfﬁagﬁla 3{)} 5?5{)00%%rise an alkyl halide 30 co-catalyst such as

metRYhéod e Preférainliy thiel conbentiation lafi thealkythalids £04 satabyst,
iodide, i iquid garbonylation reaction composition is
g e S S
Oﬁ%(ﬁé"ﬁﬁ%ed in situ in the liquid reaction composition or may be 6 WO
200311 A4TN DTSR 005/00322% &ramgwﬁ@qammﬁgﬁmﬂfiy‘!?‘{g%arbon
e

a{&ggt&rctgrgg}{h r Wiflh %gegarat _Ig:’hfro_m the other components of the
reaction Composition. Pref }gﬁﬁi & IS ORESHRPAY GFEBE RrAfAIH ehactiéid

apbEéridn composition is in the range 0.1 to 15 /0 by weight, more

pref Yo, especially 1 1o 10 wide. here a carpoxylic
an h%’?%]g]é’ t%‘%@%ﬁ?{?&%%ﬂeﬁ%%%?ﬁ eeaﬁgii))d%g ct ﬁll%B?ﬁﬁy nis
PE B ER AR AR Ed we By Pelimtartiative adlvgdrousimonainifessothan

a@hbpE%cwaamENS Cathauybatian ROGUCMaY e A garboxylic acid

having from 1 to 10 carbon atoms or carboxylic anhydrldsé thereof and is

pre#g?gﬁwléﬂ HEUERRAIPBIPLuR I 90 RIRRGHH eV iRgbibaly cecabof latioment
inprotessesmperdte, aqhd0re300E @athatialay atadHare s L1 42,209 more
cé}@&%ﬁ’é}&ﬂ&%@@ ! %gysréed cf> gq{g)s%nz%%na?g gxees(.)sfugé %glow that of the
reactor(s) wherein with or without the addition of heat, a liquid fraction comprising the
majority of the carbonylation catalyst and, if employed, the majority of the promoter, is
separated from a vapour fraction comprising entrained or contained carbonylation
catalyst and/or catalyst promoter species, carbonylation product, carbonylatable
reactant, water and alkyl halide co-catalyst and non-condensable gases such as nitrogen, '
carbon monoxide, hydrogen and carbon dioxide; at least a portion of the liquid fraction
1s recycled to the carbonylation reactor(s) and the vapour fraction is passed to the
product purification section which generally comprises one or more distillation zones.
In a first distillation column (generally referred to as the Iight ends column)
carbonylation product is separated from the light components (alkyl halide co-catalyst
and unconverted reactant). The light components are removed overhead, and recjrcled
to carbonylation reactor(s). A crude carbonylation product stream is removed from the
first distillation column and fed to one or more further distillation columns to obtain a
carbonylation product of commercially acceptable quality. Where the carbonylation
product is a carboxylic acid, the crude carboxylic acid from the light ends column may
be fed to a drying column to obtain a dry crude acid product which is then fed to a

heayy ends distillation column to remove high boiling impurities such as propionic acid

7
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atmospheres and may be carried out in one or more reaction zones. In a
typical liquid-phase carbonylation process to which the process of the
present 15 invention is applicable, liquid reaction composition is
withdrawn from the one or more carbonylation reactors and passed to a

WA 2HYbhE 8t a pressure below that of the reactor(s) whereiPGivGB2005/001529
without the addition of heat, a liquid fraction comprising the majority of the

2SSy hanylatiancatalyshangs Efo%gem%ﬂe_Ug?b%ﬂtf%é%‘afp%%&%" ’ﬂ?teaih!?

separated from a vapour fraction comprising entrained‘or containé
CaEATB Y RO RO Cata St hrRIOFEERI ST BRI PPt estroatbohidationgle
copibisatccrianylatable reactant, water and alkyl halide co-catalyst and
ondens arbon monoxide, hydrogen

nony. 1€ a1 Ol ?%!F g{;‘a%e% asly(fg]ra§0nlgt%%en1t (i f § g - ]
and carbon dioxide: at least & Portion bitha gt raliidnofu s byeiertyn
seficairboisiatio nreavion e thehvapbeciraotighispassadiedheitions and

a1y QdusL RUFfiEALIRN SEEHRN YD) _13&9&@&&9@%?%%&% or more

distillation zones, 25 hi a first distillation column {generally referred to as

the Tight SHdeBIBRIIO TS BE HFHEd A REEIRE 1@ Separatatio dm thestight
incamponents¢alkyilbalisencoreptalyst andincapraniariaaciantol kedight

an%ga(gp;fgroone(r)]{[sra% removed ovdelfr:g]eaccj), and re cled to carbgnylation
reactor(s). A crude carbonyiation Brodtidt Sreairieresraahimbhpranss
ofdistifeasent cotemirant: fég thenedfimoredistiiet distllatianeelumasias from

h@@ﬁ@%éﬂgeg@g)&mél ' I t i cceptable guality.
t Where the carbon |a??£%gr§§ﬁ%%g%%gb%g%%%géﬁ&e@’ e%%é 81>2§/1Iic

dryg ?P&W@“ﬁé‘?ﬁé%@@&@?ﬁﬁ%’é‘}nbe fed to a drying column to obtain a
dryKreigecacis g adusiyehichvanthended 4Aaavbesyyenda:digtilletioRpositions

lumn to rem high bajling impurities such as, propionic acid WO
e T O b B b NG o bR st
fromcenraphitne Cogtrosgtincasitl garboudationgmmesearboxylic acid processes, .
lightengledamenahabd YIing. ' ' ingle combined. . - -
e%olumn. The amount of&’cgtalyst gﬁh%?g%%%&%%%%n %iﬂizj%%rh%n% with
E

relsrsReetbtisredasing Ssetsiewill depend on various factors such as the

Exanpoaylation reaction conditions and also on the configuration of the

N O B D W o e el
Ingpotbegesipsare corpplished tadbonyiatienpcdyatysine resins, and contain
different chelating functional groups, namely iminoacetate (TP207), aminophosphate
(TP260) and thiourea (TP214). Prior to use the resins were pre-swollen in acetic acid.
In addition, a mineral acid pre—treatment was performed on TP207 prior to treatment
with acetic acid in order to remove sodium 10ms.

The liquid compoéition to be treated was derived from a carbonylation procéss for
the production of acetic acid and comprised dcetic acid, methyl acetate, methy] iodide,
water, approximately 2000ppm Ir, 4300ppm Ru, 90ppm Li, and varying levels of
corrosion metals within the following ranges: Fe, 14 — 60ppm; Ni, 14 — 92ppm; Cr, 8 —
20ppm; Mo, 18 — 60ppm; Zn, 4 — 6ppm. ‘

The liquid composition was passed through 30mL of a fixed bed of resin at a

- temperature of 20° C, a pressure of 1.5 barg, and at a liquid hourly space velocity

(LHSV) of 10. The resin was removed from the vessel, washed with water and dried in

an oven at 80°C for 16 hours. The metal content retained by the resin was then

&



10

15

20

and/or promoter. Suitably, a liquid composition to be treated according to

the process 10 of the present invention may be obtained from a distillation

column stream such as from the base of a heavy ends column and/or

from the base of a combined light ends and drying column and/or from a
Wity Eottithn. The process of the present invention may alsBéGRIeeF 191529

treat liquid compositions containing Group VIl carbonylation catalyst

meta s and/qr promoter metals derived 15 fro

fhe elr]r())eg(:b e%gu% carbonyiation Shor ?%%Ie]snég!s]dﬁ%egresé mv%rﬁl?gﬂrw ii*how
spreeithstayddryiay. @ﬂéxadnpte’@m l§oBPie wiabimeefévencentostienfaiiawingopy
EARIessiEXamRle. lrThechrlalingnssing ysed were Lewatit TRP207,

TP260 and TP214 (Sybron Chemicals 20 Inc.) The resins are

stlinked macroreticular polystyrene resins, and contain different

chelatin gfunctlonz?l groups, namelymmapeﬁaéat@fﬁ@ﬁ),,

@minophosphate (TR260) gnd thigurea (IP214). | Prlor  use t%e resins . -
Were pre-Qwollen i acetic acid. In addition, a mineral ¥ |d pre“tfeatmeht

was perfa¥ineshion [TPEO7 pride tortpsatnamnh withmacetigpaid ippnder tppm

remove sodium fons. 25 The fiquid composition to be treated-was derived
from alcarbonylation é)rocess for the production of acetic acid and
Ci

brised ac8tic "metiy! acetdfe, Melfyl, ofide, 3RBter, 550 <25
approximately 2000ppm Ir, 4300ppm Ru, 90ppm Li, and varying levels of

Ry Crr 8 20ppra Mo 16 - 0k 24, 4 Bgpm. B The i

compasition was ppssed through 30mL of a fixed bed of resin at a
Temperaturegef 20 C,ggpressyre okd.5S bagg, and@t a ligyyd hoysly spaces
velocity (LI-ISV) of 10. The resin was removed from the vessel, washed
with water and dried in an oven at 800C for 16 hours. The metal content

retained by the resin was then 8 WO 2005/113479 PCTI GB2005/001529

eter ay fluorescen J‘Il‘ldlum ruthenium, atomi .
e T R R S B
seppisyith Spbdtrgseopy Woicthécoorbsionheetalsfifihaes dtewrefshiwn in
s&@éﬁ@e]mmo'val of carbonylation catalyst and promoter metals.

Example 2
The liquid composition to be treated in this Example was obtained from the base of a

. heavy ends distillation columm of a carbonylation process to produce acetic acid. The

metal content of the liquid composition is given in Table 2. 150ml of the liquid
composition and 15m] of Lewatit TP214 (Sybron Chemicals Inc.) Whicjl had been
soaked in glacial acetic acid was charged into a round-bottomed flask and stirred, using
a magnetic follower, for a total of 48 hours at ambient temperature. 10 ml liquid
aliquots were removed from the flask at periodic intervals and analysed for their metal

content. The results are shown in Table 2.



10

15

20

25

Table 1 Metal Content of Resin Resin Hours On Ir Ru Fe Ni Cr Mo Zn Li
Stream wt% wt% ppm ppm ppm ppm ppm ppm TP207 290 2.7 2.5 200
1200 <50 300 550 <25 TP260 80 0.4 0.53 3600 950 100 1000 1400 <25
TP214 80 6.8 5.1 50 50 <50 <50 100 <25 5 The results in Table 1 show
YRt 13ABlating resin of the present invention (TP214) is SBEEG#2805/001529
chelating resins which do not have thiourea functional groups for the
Ta8lective removal of carbonylation catalyst and promoter metals. Example
—=2-10 The liquid composition to be treated in this Example was obtained
from the base of a heavy ends YR € timn of a carbonylation
Spnpgless toeroduceraceticricid. Tie metahcontent-of thediguid ¢
composition is given in Table 2. 150ml of the liquid composition and 15ml
_ofLewa ittP214 YV bron EhemicRe Inc 53 Rich PR bedPBoak&Hn
Fegdcial ackti acidtivas chétged iftea rountl-bottomed flask andstisred,

1using 15 asprpgnetig followgy, for agotal of 48 hours at arp?ﬁent 1.87
emperature. 10 ml liquid aliquots were removed from the flask a’tgpeliodic

2im8Rrals P anafied-fod their m8fal coftent. THE resul@lare shéfn|in
43 ables2. 2609 W12005/118479 PET/GB26805/001529 Table 2 Metals

1%

o~ T a Py P 1
Content-Sample+e-CrNi-Moe-Znr--Ru-K—ppm-ppm-ppm-ppm-ppm ppm

ppm wt% Feed 1600 450 420 100 <55 240 2.19 1 hour 1500 430 380 80
Tegregiism Ta7e 24l oy $hk1 50MA RSB st K& QAHEBENg resin of the

present invention retains the carbonylation catalyst metal and promoter metal in

preference to the corrosion metals and the alkali metal.

10
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48 hours | 1500 430 340 70 <5 <5 30 1.86 The results in Table 2 shows
that the thiourea-functionalised chelating resin of the present invention
retains the carbonylation catalyst metal and promoter metal in 5
preference to the corrosion metals and the alkali metal. 10 15 20 25 10
LLOYD WISE Claims 1. A process for the selective removal of Iridium
carbonylation catalyst metal and/or at least one promoter metal selected
fMmagmsuthenium, osmium and rhenium from a liquid composition
comprising a carbonylation product, iridium carbonylatlon catalyst 5 metal

bind/or ARSI Bl ¥B AR A E AR BN AP R KRt metal

alkaling l@att&mptafaomﬁhbmmw&&&pﬂmﬁlseﬁl@mmﬁcamﬁm%hquml:mum from
sition with a chelatin move at least a t|o of the

esi tO
SIS SSIPBOAIR SRR o AP RS i atign catalyst
Betected fomidyhaniion mosel]worasibiireiulnacd n;ﬂinﬁmy] dhelliguiglkaline

posé;tillcﬁ)nc%n(?1 wherein the chelatir;% Sin cor%p rls at least. 10 orh

S S RAT G St SR ISF5 CUER Ffiy (R SO
digpliticg repasitioencoraptikestallpalition allkdkne darthonbtalgladioA @ratgssnetal
accggg%ltnl% (% pclaum 2 Wrtleefrgen?£ eﬁ»!lé% y r};etal %hselected from “th'inﬂemum

ium ané Oola Slum process according to Pmany one Oe}nt

wﬁmﬁthdgrxdﬂmeMeoanpdm«mmemtm@memrths ofidtatinigleesBr ¢Pvvrisk at least

wherein P.r
one 1our%.exeilunct1c(>a aﬁegﬁ)ﬁ% a chemical backbone.

LLOYD WISE

2. A process according to claim 1 wherein the liquid composition comprises alkali
or alkaline earth metals.

3. A process according to claim 2 wherein the alkali metal is selected from lithium,
sodium and potassium.

4. A process according to any one of the preceding claims wherein the chelating

resin is of formula:

S
74
(PywWNH—C
N\
NH,
wherein P represents a chemical backbone.
5. A process according to claim 4 wherein the chemical backbone, P, is a polymer.
6. A process according to claim 5 wherein the polymer is selected from the group
consisting of polystyrene, polyacrylate, polymethacrylate, polyethylene and
polypropylene.
7. A process according to claim 5 or claim 6 wherein the polymer is a crosslinked

polymer.

8. A process according to claim 7 wherein the crosslinked polymer is a crosslinked
polystyrene.

9. A process according to claim 8 wherein the crosslinked polystyrene is a
divinylbenzene polystyrene.

11
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5. A process according to claim 4 wherein the chemical backbone, P, is a
polymer. 20 6. A process according to claim 5 wherein the polymer is

selected from the group consisting of polystyrene, polyacrylate, LLOYD WISE

polymethacrylate, polyethylene and polypropylene. 7. A process
according to claim 5 or claim 6 wherein the polymer is a crosslinked
polymer. 25 S. A process according to claim 7 wherein the crosslinked

RRYME R &0t BAl: ROMEHT AP &eth BIOCREMAGTBLIRKLIR FisBlected
wherein the crosslinked polftyrene is a divinylbenzene polystyrene. 11

e s e rensisHRs et At Ag fo M £ e FiFOHE Gsth i zeolites.

brackbongrdieis slerinth foB1HAe ONa#Ra0 iR T 8ibeakiduB)iPas inorganic
titania, ceria, Z|rcon|a clays and zeolites. 11. A process according to
iRTERABIRIFIHRe chemical backbone, P, has i inorganic and organic

moietios prodssAddiadnss RCAGr dingodirnyrenal digtbRipre eengrciaddhelating
wherein the chelatlnq resin is almacroporous resin or a gel resin. 13. A

&Y 8h& &F d%&Breceding claims wherein the liquid
t®Mposiipescisstheroedmpisaaybadiofmhapdesmtngclaideashergartieniqfid

the rhorﬁum IS .remove rocess aceording to any one of the
SRS et e g B DS B L e o i

s@imoivedntinuous or continuous process. 15 A process accordlng to any

‘?e OfA recegécgrglal 5 Wheorgénomﬁ ﬁ gﬂ’yon gp%ch%gcz\ss 1S
e rarnge

with the'&h a%sng resin perature |
pprocesd mbamtbhgs‘mmiﬂy)mmwomm mana@mmg etagess.wherein the liquid

L e R ehin i
ﬁqmimosdbmmegmqueatbdhﬂ@plagng)mm at a temperature in the range 0 to 100
°C.

16. A process according to any one of the preceding claims wherein the liquid
hourly space velocity of the liquid composition is in the range 1 to 20 h'.

17. A process according to any one of the preceding claims wherein the liquid
composition is treated in-situ or offline.

18. A process according to any one of the preceding claims wherein the liquid
composition is a process stream obtained from a carbonylation process to produce a
carbonylation product which is a carboxylic acid.

19. A process according to claim 18 wherein the carboxylic acid is acetic acid.

20. A process according to any one of the preceding claims wherein the liquid
composition further comprises one or more components selected from the group
consisting of unconverted carbonylatable reactant, a solvent, water and iodide ions.
21. A process according to any one of the preceding claims wherein the liquid
composition is a process stream obtained from the carbonylation of an alcohol and/or
reactive derivative thereof in the presence of an iridium carbonylation catalyst, an alkyl

halide co-catalyst, a catalyst promoter selected from ruthenium, osmium and rhenium

and optionally a finite concentration of water.

12



18. A process according to any one of the preceding claims wherein the

liquid 20 composition is a process stream obtained from a carbonylation

process to produce a carbonylation product which is a carboxylic acid. 19.

A process according to claim 18 wherein the carboxylic acid is acetic acidLLOYD WISE
20. A process according to any one of the preceding claims wherein the

liquid composition further comprises one or more components selected

drom the ﬁf@éﬁs%'é&ﬁﬂﬁigttﬂ%mrﬁmowmféﬁdtﬁé@%&@%ﬂ%%e alkyl
solvent, water and jodide ions. 21. A process according to any one of the

hirkde st RIReHR F RN BROIR B Ssteiad ApPoReReiyraapsmium and
@Jetamﬁdaﬂ@méherbaf@mmti@@@fd@ﬁtadowhﬁIaanﬂf@rcéﬁa@ﬁmﬂgmﬁw@r.
ereof in the resence of an iridium ¢arbonylation c lyst, an alkyl .= .
Fhiice APINER GRS PBIHIE 2 e e e o i
5  enfpheidnniodR &edtaptmtaﬁmadlﬁﬁmmﬁeﬁnﬂtadmm:wm@feaﬁz LLOYD
ISE rocess ccord ereln he alcohol is .
et A ARSH Rt 1o SR e GG L B AR RDRB ream i
méemédrﬁmrthagmrpmn@mgm‘f antteahefivmmtherididbe Cailkanylatidscisumn, a
onduct ith a finite concentr fio water. cess agcor t
S T e e A o BB e e R S i From o
dittyatgato:hmhtalned from a distillation column stream. 24. A process
COI’d}Q rtgcgslglggc%g’ Whetr(-)e!drl]lthoeng IOS}! %tlorncc umn rea Iesrei“:’ne §Ct1e uid
om the%roup consisting of a Stream eavy ends
colupnsifianstrebimdednir one aag@pdlhsemrhbmé@mgmrendsand drying
lumn ry 25, rdj
2B oy A IR B0 MR A R 5 B I Blosion
mbtalnedelmmdaﬁgm hleaseurnebosisiatief prasasekols ciirgrriges gnanganese, zine,
1%%9 ﬁﬁxﬁg&p&‘stﬂ%@roqceding claims wherein the corrosion metal
IS S ecte rom the group consisting of iron, nickel, chromium,
15 manganese, zinc, molybdenum and mixtures thereof. 15 13
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