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PROCESS FOR "I'HE"'RE/CO\/ERY OF GROUP VI NOBLE METALS The present invention

relates to the recovery of Goup VIII noble netal catalysts fromthe
products arising from carbonyl ation processes. More specifically, the
present invention relates to a process for recovery of Goup VIII noble
netal catalysts from5 process streans containing high boilifg.0ssa b?
polymers (known'in the art as tars) which have been produced as by-products
in carbonyl ati on processes. Goup VIII noble netal -catal ysed carbonyl ati on

processes are now well known in the art and are in sone cases operated 10
commercially. Typical exanples of such processes include (a) the rhodi um
cat al ysed hydrofornylation of olefins to higher alcohols, aldehydes and
ket ones; (b) the rhodium catal ysed carbonyl ati on of methanol to acetic

acid; (c) the rhodi um cat al ysed—ctarbonyl ati on of nethyl acetate to acetic
anhydr| de or ethylidene di aceﬁ@stsgeeanskﬁeelrbk Beed t he rhodi um cat al ysed

carbonyl ati on of nethyl acet at t hanol to produce both acetic
anhydride and acetic acid as d 87870. A problem often
-encountered with carbonyl ation S

es o this type is that, in addition
to the desired products, there is 20 often formed, as by-product,

consi derabl e quantities of a high boiling organic poI ynmer (tar). On
comercial plants the formation of such tars is particularly undesirable

si nce they tend to buil d up in the carbonyl atlon reactor and eventually
reduce the effici encyERHCESE FOR, T, RECOVERY JOF, GROVR, VILI NOBLE METALS tars, jt is
t herefore 25 necessary to rem)ve contl nual ly or i nterm ttent ly a side

2 process streamfro for a ca recycle stre or the

car bonyl ati on react o?]“f |pclfuf%n eé‘rjhign a"ﬁé % %ﬂ tg"t e BXGRVEBh°: gnh’é“tpa?”gs vel |
as Goup VIl nomtdempetal cardlgstd Lromriheaprddysts amdls txgs 6cimtechanydatioar S
and co- pronot erwromh§es§' Aoy ?ﬁ%%i?&fl%amﬂ%f pPesent! {fRLEhH e Fath@YesYUCh

that the G oup | e metal cata
process for recovery of Group VIII noble metal catalysts from

5 process streams containing high boiling organic polymers (known in
the art as tars) which have been produced as by-products in
carbonylation processes.

Group VIII noble metal-catalysed carbonylation processes are
now well known in the art and are in some cases operated

10 commerc1a11y. Typ1ca1 examples of such processes include (a) the

rhodlum cqta%ysed fydroformylation of olefins to h1gher alcohols,

Pldehydesﬁéhd ket%n-s, (b) the rhodium catalysed carbonylation of

15

methanol to produce both acetic anhydride and acetic acid as
described 'in EP 87870.

A problem often encountered with carbonylation processes of
this type is that, in addition to the desired products, there is

20 often formed, as by-product, considerable quantities of a high

boiling organic polymer (tar). On commercial plants the formation
of such tars is particularly undesirable since they tend to build up
in the carbonylation reactor and eventually reduce the efficiency of
the process. To avoid build up of such tars, it is therefore

25 necessary to remove continually or intermittently a side
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associ ated pronoters and co-pronoters are recovered therefromand can be
returned directly or indirectly to the carbonyl att reactor whilst the

tars can be di sposed of. One approach to such a rge@seeyHapBaoBedaced t o

distil the 10 process streamto forma solid resi mai nly

Goup VIII noble netal, pronoters and co-pjonoters _ t he
aci d.

residue with a solubilising liquid, such as a stron e Goup VIII
nobl e nmetal, pronoters and copronoters dissolve in the solubilising |iquid
and can then be recovered fromthe solubilising 15 | i qui d using standard
techni ques. Althou such a _process can [in princi be used on a

h | e
commercial pl antp’7°t°g§f1fsftéF§m 8P £RE TieEBRraft ‘é”gtélgﬁtattef’fcl@aﬁ?ﬁﬂa’“e%’s it be
oper at ed cont i nueardbyylaRion asasetor Wiqwild cantebes Gpdretiietl sworbnmontiaing thave

been described f | g 1 Hﬁ;? 3 S S 7,420
GB- A- 2094284 and SEX?O%S%%‘% §§%2§ b e&%‘?’g‘g?"éﬁ%&%}gg%gﬁdpr ocess
for renoving tarassogiptedgpromptees @pf (rosProgatetRss Thiy sifge nreeefepyrem is

catal'yst valgles {reaBed i%ahakaySbadr2EnsO tub i @ouf eviTY esbrleOmeta1 PEARIGEL QR
systemin which acetic

nhydride is prepared by carbonylatjn t hyl 25
Setate I'n'the AEORHRiOPIROLArY, 1P ST AT CRACARE: S18¢ TRFOVPRRA BeTRIEPE 9, he
catal yst-tar solcedn dba resusadsinditerdly coradndixtectilyt itonthes cacpomgl bfloni oshctier and
aqueous hydr ogen,,i-qdi a IS« are recovered in the aqueous
phase. US 436490 1ggg§%ebg§rsg@%€o%eé}5%{%%ggt%ﬁe recovery of rhodium from 30
tar in which a rhodi 88 @SR¥2ACHi ¥R) suak A yeEeveay RForets df ¥ ddgt¥ladhed in a

first extracio Onprézesd StRbAY ltol Astinde sV1dd e LS cBXSFIRIRE nadhiF@robfier eby

recovering cat al val.ues in the agueous, phase and tar _cqntajning residual
hodi um 0t he. rA, RIS RaRel BRBo aTHe P STREm ST RER iy R TS ar | <
submtted to a sewddde eithatisodwbidIsingudiquidiaswh- asma stidsigeacidier Thesol vent
for the tar and @QUEOPSIT nobdeETUL, 2pldholBe?lafla 'R kahRlrd NALELYE Bn 12

aqueous phase.

solubilising liquid and can then be recovered from the solubilising
15 liquid using standard techniques. Although such a process can in
principle be used on a commercial plant it suffers from the
disadvantage that it cannot easily be operated continuously.
Processes, which can be operated continuously, have been
described for example in US 4476237, US 4388217, US 4364907,
20 GB-A-2094284 and EP-A-0255389. |
US 4476237 describes an extraction process for removing tars.
US 4388217 describes a process for the recovery of catalyst
valﬁes from a catalyst-tar solution derived from a production system
in which acetic anhydride is prepared by carbonylating methyl
25 acetate in the presence of rhodium, lithium and methyl iodide
wherein the catalyst-tar solution is submitted to an extraction
using methyl iodide and aqueous hydrogen iodide and catalysf values
are recovered in the aqueous phase.
US 4364907 describes a process for the recovery of rhodium from
30 tar in which a rhodium-containing catalyst-tar solution is extracted
in a first extraction using methyl iodide and aqueous hydrogen
iodide, thereby recovering catalyst values in the aqueous phase and
tar containing fesidual rhodium_in the methyl iodide phase. The
residual rhodium-containing tar is submitted to a second extraction

35 using water-immiscible, inert solvent for the tar and aqueous
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GB- A- 2094284 descri bes a process for recovering Goup VIII noble netals -

bound to residues of noble netal catal ysed carbonyl ation reactt ein
said residues are separated fromthe 5 carbonyl ati OnTmmheétHerheen]i(ture
and are treated with a reagent conprising an amine, ther ced
noble netals fromsaid residues and enablifig sai d bound 0 be
extracted by subsequent contact with a hal ogen acid. GB-A-

GB- A- 2095221 describe simlar processes. According to these three 10
pat ent applications the hal ogen acid nay be used as an aqueous solution and

a solvent may b sent t dISSO esi due.and se ar te it fromthe
aqueous | ayer \/\/na“fl?nng q: Qt na whi é con?‘gﬁqns ehgxﬁ % 0Bl e netal . One

di sadvantage with t h@B-tﬁséOfoZBéx@q%@bﬁﬁ asmmss)rfgrctﬁqoaémmthWr BTN

iodide is that agigeUuseth?s bJﬁMdrtQQ?Qsi&QEd& hSbeCh¥t fOLEOSIyKEs SO that
speci al equi pment i s required. Another disadvantage is that recycle of the

aqueous phase di FHCPPYIgdoR Fe2ELiBanvresein Faid Kasdduas aeR Separatsd; frpmuphoof
met hyl iodide i mdﬂbenﬁmﬁemﬂaeememﬁitu&beamr eﬁerteeawd H\fh hyedap@at i odi de

in the stream Oonseg]u.ent lX amibe rr%%/.ﬁr?ebyng%ae%%gr dc% rlg 'Pé/t*‘iobfafc?%nfm Idl ary

equi pnent to recover the aexcess e
hydr ogen i odi de xssitvesangeenakt nes sai}ﬂlbéenCF mohlde metshssterke Aktmched ibyel v,

it may be necess@figeldtCEomBkt Wikn! Dol bER.f Lol .t hgp-adeesiissSideam and
separately recycle it to the carbonylation reactor. US patent nunber US

4944927 descri be® é‘%%grﬁz?hLﬂﬁ§§rb‘?eoéé‘§%laZ5Pr°°F6?eﬁ“ec‘%ﬁF€Fﬁf§ 5o &hesp Wree

nobl e net al 1oat aégtﬁhtfdﬁpll’léaﬁoﬂerwéaﬁﬂdg&y dehe el yémrsbsa&s @ &juek®d ene or

t he reaction of kelt(‘gnen va\‘nnah Qe 9k mar%e er;g;p%c, s s t:hacetlﬁ anhydri de
or ethylidene diacetate, cﬁ prOCEss Conpri ses ot s St eps 6f “H LB iFY t he
tar containing tmaGWQtW#OFn hhﬁ)laauqzmlsallamt whicht fwnishambtwnycth icodtai@st 0

‘produce a 30  PIQCEREraztifLATbWIineRal S RSTARLIRNLEANLALE Gle Widd oAN
-extracting streamconpri S|<glguéacet|c acid in water so that the Goup VIII

nmetal is extractBTF PR BRIV PRUCORTRINIRS é’é(ﬁf°5%né°‘l)‘ﬁetﬁe§§abraﬂeé%‘§es is
entirely satissf agidabyen Theidf as exerfhesr@os Bregi 86 t&aﬂ&iﬂciﬂl’ eqiipmdpt Odeed

process for the L %(&deetf y Rxﬁot%ér dlgagy&t\a{lgé llS 0 ergc?}c Ctattgl ya'stfugous pEPase
tar-containi ng proce

d1rect1y to the carbonylation reactor leads to a build up of methyl
iodide in the system because of the presence of the hydrogen iodide
in the stream. Consequently, it may be necessary to employ
20 ancillary equipment to recover the excess methyl iodide and convert
it back to hydrogen iodide or to purge excess iodide from the
system. Alternatively, it may be necessary to recover the rhodium
from the agqueous stream and separately fecycle it to the
carbonylation reactor.
US patent number US 4944927 describes a continuous process
25 for recovering a Group VIII noble metal catalyst from tar generated
by the polymerisation of ketene or the reaction of ketene with one
or more of methyl acetate, acetic anhydride or ethylidene diacetate,
which process comprises the steps of diluting the tar containing the
Group VIII noble metal catalyst with methyl iodide to produce a
30 process stream which is thereafter contacted with an extracting
stream comprising acetic acid in water so that the Group VIII metal
is extracted into the extracting stream.
None of these processes is entirely satisfactory. Therefore,
there remains a need for an improved process for the recovery of

35 Group VIII noble metal catalysts from tar-containing process
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4 streans. Thus, according to the present invention there is provided a
process for the recovery of Goup VIII noble netal catalyst froma process

stream conprising Goup VIII noble netal carbonylation 5 catal yst and
‘tar, which tar has been generated during a carbonyl ati on prhiscShees HisgBeeri Replaced
production of carboxylic acid anhydride in the presence of *!!mﬁ'mml!u I
nobl e netal carbonyl ation catalyst, a halide pronoter and a '
co-pronmoter, which recovery process conprises the steps of: a)

m xi ng the process streamw th al kyl halide to produce a conposition-
conprising al kylhalide, tar and Goup VIII noble netal catalyst; (b)
contacting the conposition fromstep (a) with an extracting sol ution
conprising (i) waterThusiijccoadingxpditheaprakens inventionctiigres poatonigddoat he
carboxylic anhydiedésdirarusle Pledrdfy AT BAMY FIORPIOGESS: chidipke flhile
salt co-pronoter derived fromthe carbonylati on process and (1v) " a Kyl

hal i de, to prodPF8CeFF S§HRAFUSOPRTASEnE: GrpHR JTRE nepbrietr) canbonyd ahiany|

catal yst and an caltkyysthahd darphasen GaiPhis bBgh tgaherated &fting (£) separating

t he aqueous and al kyl -hali de phases. e present invention_solves the need
descri bed above °§§I§¥Welag§%n ipﬁg‘fﬁ’?g gﬁ%ggﬁs&?g’t‘?ﬂ‘@f‘i?{gcgﬁ?‘ﬁﬁgﬁ dan i odi de

'salt co- pronot eranhrdcidehss theepredence/of 4 1Gryaug WEIT arobde el crarpomiasson The
i odide salt in theaexd, 261908 PrthdiQd LAFiah e odBbbARb 0Nyt e

) %tl§§ h
nobl e nmetal catal yst” into the aqueous g ase. SO, since it 1s dérived from
t he carbonyl at i Fi¥°p¥YTeBECGoES nefPrELsqseEhe |sk8PT ®ft he car bonyl ati on- process
with the nohbe nebalmmAahglghet probess Hteeas with d1Re1 Ha@s@ltol prcaake o) may be

used to recover Group VII1], .noble tal carhonyl.ation catalysts_from process
streams 30 contai n‘?°r’?§°f’atri§np?°6"8§¥sé & ﬁﬂgch%/]ﬁgﬁylt iﬁ’hdaﬁ"}/%‘bpe&q d’ng'?le
production of carboxsdtiag eadiallystnhydri des preferably acetic anhydride

(b) contacting the composition from step (a) with an extracting

solution comprising (i) water, (ii) carboxylic acid

15 corresponding to the carbpxylic anhydride product of the
carbonylation process, (iii) iodide salt co-promoter derived
from the carbonylation process and (iv) alkyl halide, to
produce an aqueous phase comprising Group VIII noble metal
catalyst and an alkyl halide phase comprising tar; and

20 (c) separating the aqueous and alkyl halide phases.

The present invention solves the need described above by the
use in the aqueous extracting solution of an iodide salt cé-promoter
which has been derived from the carbonylation process.

The iodide salt in the extracting solution facilitates

25 extraction of the noble metal catalyst into the aqueocus phase.
Also, since it is derived from the carbonylation process it may be
recycled to the carbonylation process with the noble metal catalyst.

The process of the present invention may be used to recover
Group VIII noble metal carbonylation catalysts from process streams

30 containing tars produced in a carbonylation process for the
production of carboxylic acid anhydrides preferably acetic anhydride
optionally with coproduction of acetic acid for example as described
in US 4374070, US 5003104 and EP-A-87870.

The term Group VIII noble metal means any one or ﬁore of the

35 metals ruthenium, osmium, rhodium, iridium, palladium and platinum.



‘any one or nore of the 35 * metals ruthenium osm um rhodhigphest; i ghagdd
‘pal | adi um and pl ati num 5 Preferably, the Goup VIII not1|

o i .
optionally with coproduction of acetic acid for exanple as described in US—

4374070, US 5003104 and EP-A-87870. The term Group VIII noble netal nea?a%ed

ei ther rhodiumor iridium nore preferably rhodium The car|ty Il
process which generates the tar involves reaction of an al kyl ester, for
exanpl e nmethyl acetate, or a dialkyl 5 et her for exanple dinethyl ether
or of reactive derivatives thereof with carbon nonoxide in the presence of
a Goup VI ne rb n_cat al and a_hal i ronot er and
an i odi de salt BJ B"r%"ﬁ?@i’m%" T%’é‘}luﬁa%n?}f n%'ia}cen %"’(}nﬁfeeri% %dhe‘bl BhotdAiumhas
been di scussed atorbemgﬁlarahyotﬁn@riumatents such as GB 1468940, GB 1538783,
10 | GB 1233121, GB ARSEIAR, FRn 0470465 s 4430543, 0L VB 4374070 and

hence are famliar to t ase o odium'c sts a
hal i de pronoter reaehioasoé 45'r éh#ﬂee%?eﬁ»omnjex@mﬁﬁomf@mrﬂeé#m)l yrn%tdhylkyl

i odi de nmay e usee@leaszo&r SXRp®E Ay IWelke 068 ¥ r@mevé inlr@\eaﬁ%; thereof

co-pronoters sugg ‘I:f'"r di de sal s, of quaternary am nes, phosphi nes,
n

-invention. The tar"1s a

arsines, stibin P Jronoxiflen 1n thenPrfifenss °f| ?&fﬁP&rﬁIIGa'i‘ﬂi’&FdFﬁtaFl t hi um
and the |ike. Batarbenylpkitomiedtalyisti gdde acladldly Siropotarotasd /aaopcsdmetﬁltsysterrs
based on these c r roces th resent
%QJ”BP%QEE %ﬂe qfsecgf ;.s;ﬁg&&%é)ﬁ§éegr% %1{1:?3 CQ p%ﬁomoéersmﬁ en QS 20
produced as a byliseesRedt at deaﬁuﬁnwwernweetmah -a5a 6B 6890, GB 1538783

~carbonyl ati qps. d¥siziieef Qina@hynsbh%f—ﬁiodﬁzpweUEYMB%Q%J%dO(is 2374070 and

~carbonyl ati on process for

roducti on of a carboxyiic acid anhydri de
such as acetic é’f‘?ﬁ%rﬁraefaWtiﬁgJP s ribtedo™ e bhutdensAsEngt thedtdr it i s

bel i eved that i rcamalizxmyhatalme [proa@egesudions tidrafide pf dddedd @Bmpdunacet i C
anhydride, the t e r Isa f erene. nd/ or
e vk 19 eQﬁlgF J%td?? %ypgé J a% #‘ %1:8 alie?%l ﬁl one or

reacti on of ket acet at e, ace I'c an ene
di acet ate and t merejjedidegyadt co—promoters such as 1od1de salts of quaternary

15 amines, phosphines, arsines, stibines and metals such as chromium,
zirconium, vanadium, lithium and the like. Both simple and multiple
catalyst/promoter/copromoter systems based on these components can
be recovered using the process of the present invention.

.The tar is a high molecular weight organic polymer which is

20 produced as a by-product in Group VIII noble metal-catalysed
carbonylations. Most preferably, the tar is the by-product of a
carbonylation process for the production of a carboxylic acid
anhydride such as acetic anhydride. Without wishing to be bound by
any theory it is believed that in carbonylation processes for the

25 production of acetic anhydride, the tar may be generated by
polymerisation of ketene and/or reaction of ketene with methyl
acetate, acetic anhydride, ethylidene diacetate and the like and/or
by condensation of acetone by-product. The character of such tars
has been discussed in US 4388217.

30 The process stream containing tar and Group VIII noble metal
catalysf may be derived from the carbonylation process intermitently
or continuously by removing a liquid side stream or recycle stream
from the carbonylation reactor. Preferably the process stream is
concentrated to remove volatile material which has the advantage of

35 assisting subsequent phase separation. Most preferably the process



by condensation of acetone by-product. The character of such tars has been
di scussed in US 4388217. 30 The process stream containi ng tar and
-Group VIl noble nmetal catalyst may be derived fromt heThi

“process intermitently or continuously by renoving a |iqui or
‘recycle stream fromthe carbonyl ation reacfor. Preferabl

‘streamis concentrated to renpove volatile material which has the a vant age
.of 35 assi sting subsequent phase separation. Most preferably the process
6 'streamis a side streamof the Ii qui d phase recycle froma carbonyl ation

. product recover ash, stage. Thus, | his e I ment qui d

| (F:)ar bonyl at i on cg?ﬁfc?gﬁ“t’r “f ’o%pﬂ’rsﬁaﬁ‘g gtg’? @f ﬂg‘aﬁ%tfeéy?'f]ﬁ AF°R & bonyl at i on
catal yst, a hal i cerbbnylatjpmmrbdugt aaco\m}ydﬂasalstaee: pronoter, car boxyl iC
aci d anhydride and/o S S | J ' ar,

| y Ehdd, n‘focrhig eg&%@ﬁtxﬂ%t RALY rﬁg?b?nﬁh?gi% .gﬂrDaé @L# e he

reactant such as al kyl ester er a t
. car bonyl ati on re%R!”tPéSFS‘&’ﬁdas‘iH?PEc‘fIéa %‘8’18 'Pqt&éh“:?é’ﬁaﬂﬂtllm agtelysds aihafida

the additionp of 151%51:&10 BAOLHAGBe (ALt AcopPEMStel| AGbOMHY110 aci@OsMNyESId0
~carbonyl ation pri(‘)"r?g°i" nd vol atil e reacﬁ)ant and pronmoters_and (b) a liquid
n

fraction conpris | SPTHCEPRIYAR SATPPXHIISGI %"’r‘?et‘éﬁrb{?%%ﬁ?? deppreat
:catal yst, iodi deswal &s cikpl Gspeeror ctiaarllkﬂyéuheraamddtmhydﬂqudemsm ithe
Ecorrespond| ng ac of th q ct |
‘treated accordi n%ﬂibgg{%gggjﬁ orggsgérggﬁifgb?ﬁted reseﬁjfi%hngéepdat a{"ﬁ’ ,wg&
‘remai nder bei ng Yiddput ddet @ﬁdtiﬁémeahfbbﬁﬁtl a‘ammd?@aéﬂbra VF?%frefEﬁﬂtjﬁont he

_process stre@mn CoMp@i&ingdchPonist iGh Opbdalet lanBOR)18t MRS @éadt%neoamasimtué h

‘water to convert carboxyli Cld anhydrides to correspondi carboxylic
aci ds since, if %’ﬁicﬁggoay W%yﬁf?‘ﬁégxccc?ﬁi’ﬁﬁinﬁ/a{"é’f’l?ﬂlfh‘é"’b‘go%Es“‘b'flet he

invention, |ocalmdtal spdbsylstion astihlystlhiciidentAiet tdrpromdtieryadabosyliche
performed prior Loq BeACe6S0aRlr Y0F RFehatd S04 1 ead® B Lol LNC
process of the present "I nvent

part of the liquld fraction is treated according to the process of '

15 the present invention, the remainder beihg recycled to the
carbonylatioﬁ reactor.

Preferably, the process stream containing tar and Group VIII
noble metal is contacted with water to convert carboxylic acid
anhydrides to corresponding carboxylic acids since, if such

20 anhydrides contact water in the process of the invention, local hot
spots can result. This contacting with water may be performed prior
to the process of the present invention or as part of the process of
the present invention.

In steps (a) and (b) the alkyl halide preferably corresponds to

25 the alkyl halide promoter used in the carbonylation process,
preferably an iodide or bromide, most prefefably an iodide. For
acetic anhydride production the alkyl halide is preferably methyl
iodide. TFor a carbonylation process using rhodium/methyl iodide/NN!
dimethyl imidazolium iodide as catalyst/promoter/co-promoter for the

30 . production of acetic anhydride, the ratio of tar-containing process
stream to methyl iodide stream in step (a) may typically be in the
range 1:0.3 to 1:3 by weight.

In step (b) of the process of the present invention the
iodide salt co-promoters in the extracting solution are preferably

35 iodide salts of quatermary amine, phosphine, arsenic or



In steps (a) and (b) the alkyl halide preferably corrq&p% ds to 25 the

al kyl halide pronoter used in the carbonyl ation process

i odide or brom de, nost preferably an iodide. For acetl

production the alkyl halide is preferably nethyl |od|d

car bonyl ati on process using rhodi un met hyl; i odi de/[err] dlnethyl

I m dazoliumiodi de as catal yst/pronoter/co-pronoter for the 30 producti on
of acetic anhydride, the ratio of tar-containing process streamto nethyl
‘iodide streamin step (a) may typically be in the range 1:0.3'to 1: 3 by

weight. In step of the cess he present  inpvention.th odi de salt
co-pronoters in é{“?] ¥ Fat dqmgss%l ¥ |m5tr'i‘ gsre pﬁe era y v BPre f 3’139 salts of

~quat ernary am nel,odphosqc;htﬂ@f au@ewnersoramme $r phospining egmuuwsnér of

metal s such as li&Rishm je&d %ﬁ@xp'o)ﬂe'%'ldg s%aktx&yoie Q43k T Mk YuRbA&ulh
~phosphi ne compounds and lithium Mre than one iodide salt may be used. The

‘use of such comfOTREEEs 22 £HABBPRALAE TN °65‘t]é('|s§s‘i°'€6°“ﬁ?rt6ﬁ5t"é’rtsn‘tﬁ1ﬁs AtagEst
.catalyst 5 5 stalabiisREs im adcfRNRsY TecbBREFVEIItePE MASSPHrevabudliyeéddiiS| v

been described f a n_US 433388 A-Q4 4374 :
Thus, suitable qdagf”é’f’(brfg%ubﬁg p‘ﬁtlenens 63?355&& sEq,cg A}'%l'ggql gﬁ'&eiéaﬁ@'of
‘quaternary orgaripeosptiteble quatrouads phasthias st?albbllts)alrs nesmpy £ sepliegisteoni um
i odi de, trioctylg AL hyd qQﬁ%ﬁ.—BQP}"'ol}ELxJJ}hos;hR%QeeomLSd:Jd@“A’Jch”EL hyl

phosphoni um i odi de, triphenyl - nethy hosphoni um I odi de and the |ike, which
conpounds are dé’sFé?’PU@deW‘Y@SPH‘???BS’BW‘“ 1qgidey strigrtyl-pathyh Phesphenim 5

car bonyl ati ao CO.rclafi@éTptthilélﬁvldﬂaﬁbﬂ.b(ﬁiispﬂorﬂ&n4ﬁﬁ4@3p trEpiengl akdtyyl t he

i odi de salt co- pronD ext.r t|n solution is an iodjde.salt
of a quaternary %t °n18’r‘+p’0°drhl§e e ig‘ffef' 3%%1103‘/’8?‘1”61“21? ofiat islecsccfo{r’r%dgund in
whi ch at | east dﬁ?e4a)$3&8he (e cnse atfomsthﬁsm dodidet esnmrcprbonyletiar atom For

exanpl e N met hyl @bk ghdttmd adkddabed! i ydiamksd i m dazol i um i odide;
N- net hyl - 3-pi col i1 nium i odi de; N-ne 2,41 uti di ni um i odi de
N- et hyl - 3, 4-1 ut i dln?{ﬁﬁprably, the 1od de salt co-promoter in the extracting

15 solution is an iodide salt of a quaternary amine compound such as a
heterocyclic aromatic compound in which at least one of the hetero
atoms is a quaternary nitrogen atom. For example N-methylpyridinium
iodide; N,N'-dimethylimidazolium iodide; N-methyl-3-picolinium
iodide; N—methy1—2,4—1utidinium iodide; N-methyl-3,4-lutidinium

20 iodide; N-methyl-quinolinium iodide; which compounds have been
described in US 4333884 and US 4430273, or alkylated derivatives
thereof, although less substituted derivatives are preferred over
more substituted derivatives. Most preferably, the iodide salt
co-promoter in the extracting solution is an iodide salt of a

25 quaternary amine compound such as described in European published
patent application EP-A-0479463 that is:
1,3-dialkyl-4-methylimidazolium iodide;
1,3-dialkyl-4-ethylimidazolium iodide;
1,3-dialkyl-4-n-propylimidazolium iodide;

30 1,3-dialkyl-4-isopropylimidazolium iodide;
1,3-dialkyl-4-n-butylimidazolium iodide;
1,3-dialkyl-4-sec-butylimidazolium iodide;
1,3-dialkyl-4-tert-butylimidazolium iodide;
1,3-dialkyl-2,4,5-trimethylimidazolium iodide and mixtures thereof

35 where the alkyl groups are independently C1 - C9p alkyl.



20 I odi de; N-net hyl -qui noliniumiodide; which conpounds have been
described in US 4333884 and US 4430273, or al kyl ated derivatives thereof
al though | ess substituted derivatives are preferred over TmanheesHhssBeert
derivatives. Mpst preferably, the iodide salt co-pronoter |gﬂg[‘m um |
solution is an iodide salt of a 25 quat gf nary am ne corrp

descri bed in European published patent application EP-A-04

1, 3-di al kyl -4-net hyl i m dazol i um i odi de; 1, 3-di al kyl -4-et hyI i m dazol i um

i odi de; 1, 3-dial kyl -4-n-propylimdazolium i odi dg I30 I . I | .
1, 3-di al kyl -4-isopro dazol m i odide; 1,3-dia -4-n-butylimdazolium
i odi de; 1?/3 di al k5| pi/‘?é kb“ufﬁ#‘fﬁ galtocPiRRomteidn the extracting solution

1, 3-di al kyl - 4-t et dbuivwedi mq;hazhé icarbonydiatiiin process which gener;tes t?e ?::arhas

1, 3-di al kyl -2, 4, ' d tures t o]

wher e theyal kyl 'glroa%‘gﬁtgrg %hga%% %%t ahgﬁlggﬁf&%l ﬁgn%e ca%?ﬁ{'ﬂftﬁm ois (o=
sal t co-pronot ervith f?f‘é"@‘;’(%dr 5€?¢m§I§bI1\9P1Q)r'Perl GGF#M@G is copp4t@ble with

carbonyl ati @n prieessrbdily At IS8 N¥RESS. t hodtaphas rhbEy  28NaANLAGR Khpt | odi de
salt returned to the car5 ’r%l ation process W th recover ed Goup VIl noble
PEeAD

metal catal yst ¥ dﬁﬁ"ﬁ’dS rom the carbeyletinn BFPGSE8cHs & Pre-\pst
preferably, the éxsetacieionabtepco- mwsm)izerste;s (d@rtneegdrdde@s s8R am afAeRY418bi ON

rocess in a pr c in_ste ). the process s

&h. ch al so coPrprl sggiés% hﬁ{hﬂe%dée SaT °€op1|5?'%rtn% &° ‘é'esllv\@isl é’pd'}{}gp VI
nobl e netal car RaP}PeaRateh wrbanxﬂ@tuoreaaabwm ceaxbpay ldihyelid dehwirdderandfor
s cOT T eSpandi oG headhihibd adsd, Mintedai sk bidhAL 1K ARLNCLE! whlor

produce (i) a pre- ext actl aqueous phase conpri sing wat'er, carboxyl i
aci d correspondi'fy Pf’i’) Yfe ’g)arabb’iﬁ/’lei“ﬁra&??ﬂ“ AAHSRAS BRass: GORRLisine pRET, _
carbonyl ation processylial kyid betdedpomiidgi vritHe @abbxyaae PdcaRDEGIydendk (i1) a

pre-extractionzll ‘[hllgtg h 0, r|S|n rl‘] %

Group VI nobl MLC s eIIg ?éoq‘y%”lt pr B-8x racatlkaini% %1Js1ee§n rjé’d%%eer?agt

separ at ed and tﬁp-m@r@gtercgydb@j(w |anre-extraction alkyl halide phase comprising
15 alkyl halide, tar and Group VIII noble metal catalyst. The

i ng

pre-extraction phases are then separated and the water, carboxylic
acid and/or alkyl halide concentrations in the pre-extraction
aqueous phase may be adjusted to required values suitable for use as
all or part of the extracting solution for step (b) of the process

20 of the present invention; the pre-extraction alkyl halide phase and
adjusted pre-extraction aqueous phase are then contacted in step (b)
of the process of the present invention. This has the advantage
that there is compatability with the carbonylation process of iodide
salt co-promoter returned with the Group VIII noble metal and also

25 build up of iodide salt co-promoter in the process can be avoided.

In the pre-extraétion the ratios of water to alkyl halide to

process stream depénd upon such factors as other components
present in the process stream. The less water used the higher the
concentration of iodide salt co-promoter in the pre-extraction

30 aqueous phase. Preferably, the amount of water used should be as
low as possible consistant with achieving phase separation. For a
carbonjlation process using rhodium/methyl iodide/NN' dimethyl
imidazolium iodide as catalyst/promoter/co-promoter for the
production of acetié anhydride the ratio of water to process stream

35 derived from a carbonylation product recovery flash stage is
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acid and/or al kyl halide concentrations in the pre-ex rac I on aqueous se

may be adjusted to required values suitable for use as 'ﬂhdSheatH

extracting solution for step (b) of the process 20 of t \

i nvention; the pre-extraction al kyl halide phase and adJ

pre-extraction agqueous phase are then contgacted in step (b of t he process
of the present invention. This has the advantage that there is
conpatability with the carbonyl ati on process of iodide salt co-pronoter
returned with the Goup VIIl noble netal and al so 25 build up of iodide

salt co-pronoter t.he prqcess can, he 0|d re-extraction the
ratios 01I‘O wat er tIyB %?]EE;I P’hgﬁg P 188 %lridéa'é f'r eg eagg%gnﬁp% e‘§ﬁ5¥‘|“$é%’f ors
as ot her conponewusoys pbase may domprime06@<WAsof dhm ioflide |sads evepeomarsed t he
hi gher the concenipalyeop &ﬁesgoﬁr@%ﬁ%@eh C%@r bflrdcRiddGq éo%sefﬁ%es%ggi n

30 aqueous phase. Pre era e anount wat er used shoul d
“as possi bl e congiostain sqpe H;raemlvéﬂ rﬂj"’bﬂd'seéaéé’&&?hﬁtoﬂnd rSF dpech? HdSyl at i on

- process. usi Bg r hdkenBenst NdrboBitdeddd £ sinTehd\Warbsiydagtn pradeadi 4lri/as

cat al yst/ pronot /co ony, r . the production.of ti.c hydri de the
rati o of water tq'é' ]cféé§s°éf‘?’é%%"é3“°“d§?‘%/éﬁh¥d|‘6§? é’r8§ G&OI’IMI on product
~recovery flash sptragamrsctiongstgmmanlueyusqsﬂ tthehydxnipme0cdrbbxybic2 at¢id Typi cal | y
the pre-extracti 9151%@1%%05? &Q%-H@ﬂtﬁﬁgpgr ﬁ?ce@Q g&/é)aﬁfaédhghér%"E§q?re%QJn}]ase

. CO- pronnter fro e process stream use re-extraction agueous
“wi |l contain soet@rys in ItF‘erﬂiﬂseq‘Fﬁ?ttaFtﬂ?&taﬁﬁﬁ RE9Ge8%r due to the 5
. presence of jpar boxylnp tasl;sief-éﬁﬁat:hﬁnpanbaﬁyéa,t iiedider BERSSoMih@hg process

- hydrol ysis of carbon nh dr uct . This pre-extraction
step may be usecfttr%“% ?01913‘%’2 %rig 39‘?13 Veher gt i3RY ( frguence-
“tar-containing mreémlzt rtdhanpearess hi;rreby qarleallécortl lm:ltidsmnespire’rmﬁw before
subsequent stepspRfyddee PL Qagss. 10 In the pre-extraction the water,
-1 odide salt-containing process stream and al kyl halide may be m xed
together in any sequ'%’r?cére'ﬁxé’r'%ﬁrtéﬁ’f‘yStePHE’YpPﬁd@§§°§‘l°Feﬁ?na&ﬁos‘H-FR93re hal i de
are pre-m xed bafeBpérature provided that phase separation can be achieved. Thus

the water and process stream may be mixed at any suitable
temperature preferably elevated to facilitate hydrolysis of
anhydride, for example at about 100°C and then cooled to facilitate
phase separation, preferably at 5°C to 25°C. The pre-extraction
20 step may be performed at any suitable pressure, preferably 0 to 5
barg. Static or moving mixers may be used to mix the water, alkyl
halide and iodide salt co-promoter containing process stream in the
pre—extraction step.
In step (b) of the process of the present invention the
25 extfacting solution is preferably pre-saturated with alkyl halide
Prior to contacting with the alkyl halide-containing composition
from step (a). This may be achieved at least in part by the
pre—extraction step of mixing the process stream comprising tar,
Group VIII noble metal and iodide salt co-promoter with water and
30 alkyl halide to provide a pre-extraction aqueous phase for use as at
least part of the extracting solution.
Whether or not prepared by pre-extraction, for a carbonylation
process producing acetic anhydride the ratio of acetic acid : water
in the extracting solution is preferably in the range 1:1 to 10:1

35 but . depends upon the concentration of other components. The ratio
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the water is added. The pre-extraction step may be perforgegd at. a

suitable 15 tenperature provided that phase separation ed

Thus the water and process stream nay be m xed at -any sui qm” re
, t

preferably elevated to facilitate hydrolysis of anhydride

about [err] and then cooled to facilitate,;ghase separation, preferably at
[err] . The pre-extraction 20 step may be perfornmed at any suitable
pressure, preferably 0. to 5 barg. Static or nmoving mxers nay be used to
m x the water, alkyl halide and iodide salt co-pronoter containing process

in th e- ext t tep, . | tep,(b), of the process of the
oresent 1 nvent | a8 TanceBilr Righ SBeech € RRtteRintas pRarbARBRFLPE: < Bher at ed
with alkyl hali @styactdng tsolubivinaptefiegabiiyt hotprdses ekwdml B0eangon0RibRi Ng
CO'TPOSi tion fr O%§él‘ﬁ'p aé@i_)i‘c_ I@idts gﬁYe Qgtiaoc QE eé/aggo:@}li%g&%td. *:g' VB%QQ i@/%)%ege

pre-extraction step of mxing the process stream-conprising tar, p VIII
nobl e nmetal ande®¥btActdng fAclutienppPransred B pre-wEtvactierl i30adivgtry/(byhal i de to

provi de a pbse- exidAGohOsE FJUEOUSaiBRFeid Qe idSRAASr Alky L RalidAbtidH tbhie
extracting sol ut,i on. e)t her or not prepared by pre-extraction, for a

car bonyl ati on prndcsese? r‘oduci ng acetic anhydride the ratio of acetic acid :
wat er in the extractihagcaekutrasion fpiefideaidly corprhmotteantipe the ledtradfing 35

but depends UPORoi i o O §RES Albh Ay be UrdCYai@BONEN Sy 13 atio 10 s
ing p

preferably high subject to_maintal ase separation. e extracting
sol ution pref er &BISPiddkdHr i Tos Paternesy Fpiandiondds Brltwitdnt cancentratier ds The

rati o of car®oXxypblcadly din @navalaie 0k L NQ 8% PChd Gt SOITE! hAN LRESRRILEE Y
pre-extraction is on of, water, carboxylic acid

and/ or al kyl hafaf’%i%q’lpgfs’%%qptiggL?gﬁiYeﬁlagg’létfl"fﬁ‘}c.ti?ﬁeth@Bn"cfﬁ’r‘l’f*?%ft“igoﬁattﬂ”?"odi de
sal t.- co- pronot estabiliRer echcadirabipnsofert iesample séidpvéd byneyingeléassy waedrue up
toits limt ,Of in the pre-extraction step, reduces the amount of acetic acid with
respect to water required to achieve a given Group VIII noble metal
15 extraction in the process of the present invention. Excess water in
the extracting solution is not preferred as this is recycled to the
carbonylation process with the recovered catalyst and can reduce the
amount of carboxylic anhydride produced.
In step (b) of the process of the present invention the
20 tar-containing composition from step (a) with or without pre-
extraction and the extracting solution are preferably contacted in
counter-current manner, preferably with stirring or agitation to
achieve good contact without axial mixing. Typically, this is
effected by introducing the denser composition from step (a) into
25 the top of a multistage extraction column such as a Kuhni column
and introducing the lighter extracting solution into the base of the
coluﬁn; the aqueous and alkyl halide phases being removed from the
top and bottom respectively of the column. Preferably, this
extraction process is performed at temperatures less than 25°C
30 provided that the liquids do not freeze and that phase separation is
maintained. Any suitable pressure may bé used for example 0 to 5
barg provided that phase separation is maintained.
After separation in step (c¢) of the process of the present
invention the aqueous phase comprises the Group VIII noble metal and

35 iodide salt co-promoters and may be recycled to the carbonylation

10



solubility. For quaternery amine iodide salts the concenmon\is—:’fﬁ)\
typically in the range of 1 to 30% by weight. It has beeﬂhx‘ssrrbad-rakﬁe

anhydride derived tar extraction that increasing catalyst
concentration, for exanple achieved by using | ess water in ”‘] m
pre-extraction step, reduces the anobunt ofjjacetic acid with re

wat er required to achieve a given G oup Vi II nobl e netal 15 extraction in

the process of the present invention. Excess water in the extracting
solution is not preferred as this is recycled to the carbonyl ati on process

th th f I an, red cethea unt of, carboxylic
\z,imnhydrr Ser S(r:g\éﬁrr?eg gﬁa : ?%Sdl g’PP{‘{? cggrgprdggf%éaﬁr’@sgﬁ’tsﬁdne‘érﬁ i on the
20 tar-contai mengrwnpom:rtr. ofprf Empsleeq;n e¥ypaziat br sthere ttheutarpasd alkyl.
extraction and tﬂl@l@(ta'iacéépggat?e%l Uti}{é“t@f Qspﬁgpggaplo\f Qﬁ)cpttﬁgt e.l%gi ri'xal;'.l.de

counter-current manner, gre erably wwth stirring or Itation
good contact w tifobecTHIpS | £0F; R’“fen@n theopeedesy, of rirhe qrgsgﬁf devent ipy and/or

i ntroduci ngst he uﬁ@n&ﬁfboﬁQIHQQShtﬂrQBeéé' om step (a) into 25 the top of a
mul ti stage extracti coI umm suc é(eer}g]lucol u and introducing the

| i ghter extracting s eﬁ‘tf?ﬂd" é‘°B’a ’Ttﬁét Ibé’nﬁefelrﬁ%""a&ﬂe*d}fs and
al kyl hal i de phaﬁsésbﬁegngtmmeddfclmﬁnﬁe ihoyhizhdF igoté olmremﬁts val y of

the colum. Prefgpables £%a§%§?&éu@nf&r ggﬁs:ﬁl 'tﬁe%%ié)isméf'cf e present

tenperatures |ess than [e rovided t ul ds
and that phase s&pepticrofnd iﬁ%ﬁen?a“r%édgr%#y%GP‘Pabilmenb?]es‘swléSnabﬁaﬁee@sed
for exanpl e10 t @emokur@t Pigd¥hélGtobbad obhaxee ps&Rat alvaRticn.Mi Ntai ned. After

Shase. conpri ses t he THRoRE PP ShaBt Srtgral APERISn Bavoly dareipd out for
co- pronoters an@xnmylebeﬂuz:ybéatpaoattdsesmbwmlaﬁre)n Ipthesase Bhe al kyl

hal i de phase corg;rthﬂsqgr;@; Tﬁ@ﬁ,ﬁ 59 R iggPALREd %Qr%é]:l %’ﬁe ].%rugqulrrgl e an

evapor at or where the tar de are separate
di sposed of and AR %I°E§P°H¥APFH§ P§°q"é&y’€q°€He¥5brf1%§esFPBet gsomrEocess of the

present investi Ghodifii-Qktdiysed (dA@bER 1RO Lb&WAsPEACRES .co-production of

acetic acid and acetic anhydride and comprising rhodium catalyst,
methyl iodide carbonylation promoter, iodide salt of a quaternary
amine carbonylation co-promoter (such as N,N'-dimethyl imidazolium
iodide and its alkylated derivatives), tar and carbonylation

20 reaction products is withdrawn from the carbonylation process,
diluted with methyl iodide (MeI) and fed into static mixers (1).
Water is also fed into the mixers. In the mixers the water, CRS and
Mel are mixed and pass through cooler (10) and chiller (11) into
setting vessel (2) where they are separated to produce a

25 pre-extraction aqueous phase (l12) and a pre-extraction methyl iodide
phase (13). Prior to the coolers, in the pre—extraction mixers
acetic anhydride is hydrolysed to acetic acid. The pre-extraction
aqueous phase is saturated with methyl iodide. The pre-extraction
methyl iodide phase comprising tar and Group VIII noble metal

30 catalyst is fed along line (3) to the top of a multistage extraction
Kuhni column (4). The pre-extraction aqueous phase comprising
acetic acid, water, methyl iodide and iodide salt of quaternary
amine co-promoter has its methyl iodide and acetic acid
concentrations adjusted to ensure that_it is saturated with methyl

35 iodide by addition of methyl iodide and acetic acid in line (5) and

11
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The invention will now be illustrated by reference tO’I‘lIxJ'S%eJt i &eﬁ

exanpl es and drawi ngs in which Figure 1 represents i'n

apparatus for use in the process of the present invent 2 is a
graph of experinental results obtained 10 dennnstrat s of
the present invention. The process of the pjyesent |nvent|on may be carried
out for exanple using the apparatus shown in Figure 1. In this case a
catal yst recycle stream (CRS) being a side streamof |iquid phase froma
carbonyl ation product recovery flash stage froma 15 rhodiun}catalysed

car bonyl ati on prggﬁénf&d %(I‘)le e 2adly gguscotlug{]onogzﬂa\i%%t ]Dcattagl 9f %Eg I@‘fm% column

anhydri de and conprising r I'umca e car ony
pronot er, iodi de(®al t Infthe Kihad ceqiamy ia‘m netivértﬂﬂiyﬁ-aﬁqn@nird@smmswiottsuch

as N, N -di met hyl gig dR¢ YPreliRdradi da 8l ahhsod! Kydﬁkefhgdesiafcmva&%) tar and
car bonyl ati on 20 reaction products is wthdrawn fromthe carbonyl ation

process, dil ut ed®MRAESEERYPTIIBET F2 PREACYS RIESe SPPRIH 8 e WiTlepebler) .
Water i-s al's® femetalt and HedidexeaBt olenqadtermvyemsiﬂeheo-w&bﬁdstercaﬁl andetdWpl are

m xed and pass thr h_.cool er 0 ch | er into,settin ess (2)
where they are sepé;;égt%t%fste oc°m % %ng' H‘e agué rgh"f | o%s a eﬁ%%%s\ép %
(12) and a pre-eker a@tthmihyblwdtm@uphalsi@e((@) andrriegycled tdieheool ers,

in the pre- extraeumyme&%ﬁs% ReELd qna@@ﬂmﬂe irffe fwreunx%ﬁ gom@&‘;ilfoda&éd
~The pre- extracti on aqueous ase is saturated wth net

pre-extraction nafpl if diﬂ“ﬂ\éedpﬁé% t&?&n‘tﬂsies??\ghﬁalfuhéh&%“%&m%h AdRR e
metal 30 cHi al ¢Bf. | Bhé adtm}mrigdidenes (sibafaxeahﬁamoan@ftaa iﬂlh:hé Sle@BL

extraction Kuhni ,c Iu ). extractlon ue np ISI ng
acetic acid, wat er'P1 (sle |cej’é é'na &t e agaf of &%fﬁca & r‘ya‘amI;

co- pronot er has b%%lgnéi-msedcnf i des.ahu latretlila: aadi thecoethwit ietidenweiad| usted

to ensure that itedyi1s@tey ﬁi:@%i\‘.‘htﬂcgﬁi YEaﬁéontéﬁ‘ihgeprm!eé’sdgH-éé?uniﬁ)fthe
met hyl iodide and acetic acid l'ine ( 12 t hen

extracting sol ut PERFeES ?%éhbdtrteéﬁ‘?tofm‘(%ikﬁkﬁ’i‘id/%ltﬁrrﬁ"e carbonyLation

15 process.

The improved efficiency of extraction which is obtained using
the process of the present invention will now be further illustrated
by the following Examples. The apparatus used was similar to that
shown in Figure 1 except that a stirréd mixer was used to mix

20 water, methyl iodide and CRS which had already had its acetic
anhydride hydrolysed by the addition of some water. Also the two -
parts of the process, pre-extraction and the Kuhni column were
operated separately.

In the'Examples the following definitions of extraction

25 efficiences apply:-
rhodium efficiency (%) =

mass flow rate of rhodium in aqueous phase x100

mass flow rate of rhodium in aqueous and alkyl halide phases
tar efficiency (%) =

30 " mass flow rate of tar in alkyl halide x100

mass flow rate of tar in alkyl halide and aqueous phases
quaternary amine salt (QAS) efficiency (%) =
mass flow rate of quaternary amine salt in aqueous phase x100

mass flow rate of QAS in aqueous and alkyl halide phases.

35 A process stream (CRS) from the liquid phase of a product

12



(4). In the Kuhni columm the nethyl iodide-containing conposition fromthe

pre-extraction and aqueous extracting sol ution are_contacted-te—produce an
aqueous phase conprising Goup VIII noble 5 net al and ﬁi{sggR ciq of

‘quaternary am ne co-pronoter and a nethyl iodide ph S ar. The
~aqueous phase is renoved fromthe top of tjge Kuhni cdl ine (6)
and recycled to the carbonyl ati on process (not shown)l. ai ni ng
met hyl i odide phase is renpved fromthe base of the Kuhni col um through
line 10 (7). The nethyl iodide is separated fromthe tar in the nethyl

I odi de phase, faqr _exanp Ln_an evaporator (not shown); the tar bein

di sposed of e.g."*By"Hdr %1:13?156’ 3?11 % ﬁg f&th nyﬁ%‘iﬁ%e"”ﬁé’f‘%ﬁ ﬁg’écf}lﬁ Bﬁ“f"d’tgr?&

wi th incom ng t®f- acattiai midgapt @cesixs shhwiniie rfrohengbhenels andfmethel prcesye

i nventi on and/ ort e ony |l atd The J. .efficiency
of extraction \Aﬁflcﬁmit? % %%Pngéd/ au%#%&“%ﬁ?tg%gggg&c{y’ghéhg?%@élﬁﬁl|ar?\?%ﬁ I on
wi Il now be furtirdide |((Auakeraset aping [Felt olQABhiasgaleanpysten Wi uaphdnaths

“used was si Bi | arfol Dovial Expae et . Figdr £t rba®XRPEnd BBL16WwiRE | typ8Laiti Xer was
~used to mx 20 vvate(rg de and CRS which had already had its

. _methyl i od]
acetic anhydri dE°REHH F%e‘%"b@eiﬁﬁgi‘addition of some water. Also the two
parts of the procesdcepie-aphydridei on and t he Kuhni col urié.8®re operated

separately. In the Exapplesighe followi ng definitions ofgpexgraction 25
efficiences apply:- rhodiumefficiency (%9 = mass flow rate of rhodiumin
aqueous phase x 100 Mp&BE! fiodide £MeIbf rhodi umin aqueous 3ah¥ al kyl halide
phases tar ebficienmethy) aceBbre mass flow rate of tgaggin al kyl halide
x100 mass flow rate of tar i'n alkyl halide and aqueous phases quaternary
anmine salt (QAS) effi®iency (% = mass flow rate of quater %ry am ne salt

I n aqueous phase xl(@matesmry| avineas€ tof QAP Scorpramoreaus aidozml kyl hal i de

phases. 35 Alﬁ{ogg@%agf}%@m (CRS) fromthe liquid Zegapsp% %fmdaiugr oduct

' The process stream was mixed with crude methyl iodide (99.4%

15 methyl iodide 0.6%Z methyl acetate) and deionised water in the weight
ratio CRS : crude methyl iodide : water of 47.5 : 47.5:5 and allowed
to stand for 2 hours to hydrolyse the acetic anhydride and provide a
methyl iodide-diluted, tar-containing process stream for use in
subsequent processing steps.

20 The pre-extraction stage was demonstrated by contiﬁuously
feeding the methyl iodide-diluted tar stream together with further
water into a stirred mixing vesse} having a residence time of
greater than 60 minutes and a temperature of less ﬁhan 30°C with
good mixing. The contents of the mixer vessel passed to a settler

25 vessel from which was taken a pre—extraction methyl iodide phase
comprising tar and rhodium catalyst and a pre-extraction aqueous
phase comprising quaternary amine iodide salt, acetic acid and
methyl iodide.

Analysis of the two pre-extraction phases showed that some

30 rhodium and quaternary amine salt passed into the pre-extraction
aqueous phase and some tar passed into the pre-extraction agueous
phase. Experiments were performed using differing amounts of water
and differing CRS/methyl iodide ratios and the rhodium, tar
and stabiliser extraction efficiences were calculated as defined

35 above. The results are shown in Table 1. The results in Table 1
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13 recovery flash stage of a carbonylation process for the production of

acetic acid and acetic anhydride from net hanol and nethyl aecetate—+n the
presence of a rhodi uni et hyl iodide/NN'-dinethylinidaﬁoliu éél RYel=
(quaternary amne salt, QAS) catal yst system was g M‘qﬁ‘ ml ‘ H ?ol | owi ng

Experiments. The stream had the foll ow ng,typical y wei ght):
Aceti c anhydride 16. 5% .
30.5% Met hyl iodide (Mel) 3.5% 10 Met hyl
acetate 8. 9% Tar ' _

19. 6% Quaternary am ne salt (QAS) co-pr ef 21. 0% Rhodi um cat al yst

700 ppm rhodi um The process stream was with crude nethyl iodide

(99.4% 15 met hyl iodide 0.6% nmethyl acetate) and dei onised water in the

weight ratio CRS : cr Ud%}@%'(}ﬂ %ltﬂ@szrﬁﬁﬁtﬁﬁz—%réﬁai)ﬁ $ngE'S: 5 and al | owned
to stand for 2 hours to hy ovi de a net hyl

i odi de-di luted, tar-containing process streamfor use in subsequent

processing steps. 20 - - The pre-extraction stage was denonstrated by
conti nuously feedi ng jrhe—rethy—edi-de—eit+ut-ed—ta caf--agether—w-h
further water into a |stiFEREpIFEOWKRATIOSeSS|el ha\EHXUDRAGTIOR EFFEOIENCIES® Of
greater than 6@ es—anmt—atenperatureg—of—te < er-+wt-h—good
m Xi ng. The| &pterjt s datehe |m xMel vesseRhEffsed t Bam BE6t t | eRARS Effvessel
from whi ch was| t HRen |a pr €RExt rlact¢®$n nef hyl%i odi de phake coppri sk ng thr
and rhodi um cafalyst [and a gre-extractlo AqUE0 prase comnpy ST g
quat ernary &fihe2Podilde 388 Hcefi@8acild ARR methyl 7od de.| AnBSabsi s bf
the two pre-extrggticn pd?%%% gho 8 ha z me 30 r hibd um and8Yfat erpary
am ne salt paspged_jntlo t e pre-lex 1’48t i oh_&hueous |phabt ‘and konkdt%ar passed
into the pre-extrgctifon gfygpuy phase. Hxperinments wer e 3perfor nggl 8usi ng
differing anountszof fwatgf 57, 1 19.3 76.5 87.7
14 0.280 1 35.5 72.4 87.2
15 9 0.282 1 25.5 75.8 85.7
7 0.318 1 27.7 74.3 88.1
4 0.332 1 85.7
Y 0.344 1 17.3 84.2 88.1
17 0.354 1 28.4 79.8 85.3
34 0.372 1 22.9 80 85.4
36 0.380 1 17 87.4 81.2
31 0.384 1 22.8 80.8 87.3
20 22 0.384 1 81.6 82
18 0.386 1 22.2 84.3 83.5
26 0.402 1 15.3 84.2 82.2
11 0.406 1 ©17.8 83.4 87.6
21 0.444 1 9 82.7 83.9
5 0.498 1 9 . 85.3 85.9
13 0.522 1 15.8 91.1 80.0
25 12 0.602 1 12.8 88.6 79.8
19 0.652 1 15 93.1 84.4
15 0.670 1 11.3 90.2 80.5
20 0.682 1 9.8 95 91.9
10 0.696 1 12.8 93.4 78.6
24 0.486 1.714 92.8 75.4
30 33 0.582 1.714 7.82 95.3 64.5
35 0.510 1.862 9.56 84.9 72.0

35
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and dlfferlng CRS/ et hyl iodide ratios and the rhodi um m

extraction efficiences were cal cul ated as defined 35 abdbi SheefEhen uI ts

are shown in Table 1. The results in Table 1 14 TABLE Sblaced
RESULTS FROM PRE- EXTRACTI ON STAGE 5 FEED FLOW RATI OS : :
EFFI Cl ENCI ES Expt . Wat er Mel 15 Rh Eff. _ Tar .

Ef f. No. CRS CRS % % 10 -~ 29
0. 338 0.728 19.2 76. 8 86.6 23 0. 340

0.728 71. 8 81.9 30 0. 342 0.728

%é 3 79s§o§ that at a C%Z methyl iTlge ratio 1§ é 1, as the ‘?%oqglt of

87{'7 14 30280 water fed]to the mix@8H.(excluding wat2rdalready addéd .t ihe

9 0. 282 8

0. 318 1 process !ktream to h%grgiyje§ the aceZéc %nhi'dﬁide) éag éc)éegafed

1 from about 0 26 of the ngrys7of/the procegg Zfneam (CRS) to about 17.3
84.2 588. .10 of the mals ¥l the procesL stream (&&)4 the rhod1u$9e:§:ra§%ion
35'33034 1 efglcientjﬁ in t&e pre—e?é;—fa%ti%n aqueouglphfsgldecreased ér%about

1 22.8 25% to aBGut3 10% whereasBZh& t2A} extrdBtion efficledd®# into the 1

gé g 26 82 égzbezxtract&nsggthyl iodii% pénase incgga%E ﬁrom abox§:47§§ tf iliout

0. 406 1 95% and t{he gatalyst stapjliser efficiepgy ghamged from 8P} £4182%.

1 910 Changingsghé7ratio of mé%iy@ f%dide to pgbd@gg stream ga%e no 9
85.3 85. 91.1

80.0 25 12 s?gn:?fi@a%bfhange %.n 'Iihe rhodi%lmlfttg‘acti]b?x gfflcggncg and in the79 8

tar extraction efficiency when changes in the water rate were taken
into account in these experiments. The distribution efficiency of
quaternary amine iodide salt (QAS) was reduced by about 10% by
15 increasing the ratio of methyl iodide to process stream in these
experiments. Overall the extraction efficiency of the iodide salt
was about 857% across all the experiments performed.
Product from the pre-extraction step experiment was used in
further experiments to demonstrate the extraction/separation using
20 extracting solution comprising iodide salt co-promoter according to
step (b) of the present invention. A glass Kuhni column was used
which had an internal diameter of 18mm, a working length of 1.2m and
an effective volume of about 240 ml. A 12mm PTFE paddle was
provided down the centre of the column with feeds being pumped in by
25 positive displacement pumps. The phase intérphase was maintained by
a weir at the base of the column. The column was maintained at a
controlled temperature of i 0.1°C using a circulating water jacket.
The acetic acid content of the pre-extraction aqueous phase was
analysed and adjusted to a pre-determined value by the addition of
30 glacial acetic acig. Methyl iodide was also added to saturate the
solution; any excess being decanted off. 1In these experiments the
concentration of components after adjustment in the extracting
solution.fed to the Kuhni column were: QAS from about 3 to 11% by
weight ; methyl iodide from about 19 to 34% by weight; acetic acid
35 from about 40 to 56% by weight; water from-about 13 to 20% by

15



19 0. 652 1 15 93.1 Baads

0. 670 1 11. 3 90. 2 80.5 20 This oS8

1 9.8 95 91.9 10 0. 696 cen Replaceq
12.8 93. 4 78.6 24 0. 486 1.714 U’ ’lllmm,m

92. 8 75.4 30 33 0.582 ¢ 1.714 7.82

64.5 35 0.510 1.862 9. 56 84.9 72.0 35

15 show that at a CRS : nethyl iodide ratio of 1:1, as the anount of total
water fed to the m xer (excluding water already added to t he process stream

to hydrol yses t 1 h ) e df u 26 of the
mca)ssyof t%e prorc}gé ﬁg't 'ang é%s‘l)aqg fo bou?urlsb ?Sc(? U{ 3rﬂ'ﬁsasb°8\" 4-Reto
process stream (SGRE)by twheefrthe!!ql trkpeium abeutods etof 150 @mmy in the
pre-extraction aqueogis @b@&th@@&ro@aaﬁdpié%@mtﬁn%é%w t%bPM{ %R,gfe‘@ggr oS

the tar extraction efficiency into the pre-extraction neth ase
i ncreased from 3656t 249485 taIRAT SR FR thR cPROSEEY f§Fe%tfa'BPl‘?f§er

efficiency shanged-éxtomcBidh sbeBA¥d the twdCRaag Bged NAtE@iated And"BidPhked

i odi de to procesg.siggam gave no significant change in the rhodium
extraction effici gncy and in the tar extraction efficiency when changes in
the water rate vere ¥hekehfqost of ddébenent| acethesws idhpaer neatiios ffhehe

di stribution ef féx@k%goéolm'!%@'bﬂa{ﬁé @ma%‘ pole] QQT %gclti'ac( ef%(?ién%qgged
by about 10% by 15 increasing the ratio of | odi de to process

streamin these ®xphs Kvbpt §°1@‘bta£| 70 Fhér%)?f‘?‘&ttlpo?ﬁbéﬁf? cfPén‘é,‘SP @{ffeyent
i odi de salt 10as rabood cR5ERYeaO&S uabd mhehéa)pperdmmﬁoaeééa@wectt Vindygt

fromthe pre-ext tion ste i ment _was used |nf er experinments to
denonstrate the Je%?r%c |\(§)rh°7 ggpar gg‘l f SrouRt r?% YRfer ‘é§&dr r;'r'? gPEHIEHtT A5k ion,
conpri sing i odi ddestdvercthqrehin of aidor diatgr txegsingp (:b))ac:hﬁevtdﬂe prweaent

invention. A gl agsakKuhRs&QleHsy, \ﬁ@§sdﬂ§1€gy waich hagl 3R L gipal, di aneter of
18mm a working length of 1.2mand an effective volunme of a out 240 m. A
12mmm PTFE paddle?qﬁﬁ tration of iodide salt in the extracting solution. Tar

15 efficiency shows the opposite trend.

Table 3 shows the effect of acid : water ratio at two different
ratios of CRS : methyl iodide in the pre-extraction. At a CRS :
methyl iodide ratio of 0.6:1 the efficiences were very sensitive to
acid:water ratios. The results also show a reduction in QAS

20 efficiency at high tar efficiences as QAS in removed with.the tar in
the base methyl iodide phase from the Kuhni column.

Comparison experiments (numbers 1 and 37) were performed
without the iodide salt and pre-extraction using methyl
iodide-saturated aqueous acetic acid solutions having compositions

25 of acetic acid : water : methyl iodide of approximately 60:15:25.
(Experiment 1 acid : water ratio = 3.3:1; Experiment 37 acid : water

“ratio = 3.8:1). The weight ratio of composition comprising methyl

iodide and tar: extraction solution was 0.28:1 for Experiment 1 and
0.21:1 for Experiment 37. The stream compositions are shown in

30 Table 4. The rhodium extraction efficiences were 74% and 87% and
tar extraction efficiences were 31 and 14% for Experiments 1 and 37
respectively. Using the data in Table 2, the acid/water ratios
necessary to achieve the rhodium efficiencies of thé comparison
experiments were determined by extropolation and these were then

35 used to estimate the expected tar efficiences in the process

16



]

provi ded down the centre of the colum with feeds being punped in by 25
positive displacenent punps. The phase interphase was naintai ned by a weir
~at the base of the colum. The colum was maintained at a controlled
‘tenperature of [err] using a circulating water jacket. Th&his$hestHes Baci Replaced
content of the pre-extraction aqueous phasg was anal ysed an .
pre-determ ned value by the addition of 30 gl acial acetic
i odi de was al so added to saturate the solution; any excess bel ng decanted
off. In these experi rrents t he concentration of conponents after adjustnent
in the extracti i e from t 3
to 11% by wei gh':lag:;cgp(!l gdpjegfégﬁng% 184;?(%1?%[" éff@?e'f’ucte' 22?
acid 35 from a@8u87%0 ?‘b‘f B360BDy Virtieghratiggae®r2. ﬁrbrhhabmn eitswtlen@é}%vbyld
16 wei ght; nethye aggdcab® do0be musmplrzzt&séeéc@veiﬁranﬁrm a% Opatelr0 3. 5%
by wei ght and rhoil um ago$1t 15 to 150 ﬁ"n“ rates of the
pre-extracti on pradeLh o e thudr Thiahtrater eondf e expacsed dior be piffdand
t he product 5r at €2%f r Gietéicare signif feamtily daitten thhexhdael élclhee\'iémwﬂtlﬁ:lﬂﬁ firen
integrated and ogat her.. ect of different acetic acid/ water
ratios in the e%@%@% F%é" sagﬁgu&eoﬁxg%%fgéi rhodium and tar extraction
efficiencies in the Tagnthe aregassaet [therjregent dnvention dldiowe £2rf tncrensed
different 10 naki && bt {RSENEEEndsSad fl{bd&ﬁl@ eRE Pac®ibh aé‘fff&@{bnéaég%f I't
will be seen that the | ower the appunt of water used in the pre-extraction,
the | ower the rdtPE FFOSETHS: “wafircs é&ﬁlﬁ“édﬂi‘lﬁli&%rﬁ"é%‘“d°§|?féﬁc%?fb‘éleﬁm
ef ficiency, 1pr esareaidverséiys reSatddg 1hb1&a|§bgheﬂbdﬁm@2ﬂid’caﬁbxﬁlha9fbd odi de
salt in the extr tio 5 ficienc sho opposite
trend Table 3 S%Q‘.Li ggll.é:i 5:' tr%_ ai(?}idefficfi necrlelga rreségo \.’IL\%g 3’°f é‘nt
ratios of CRS : Hﬁ??ﬁﬁesrodl de in the pre-extraction. At a CRS nethyl
iodide ratio of 0.6:8ighbe £khowd @OELH PR 1URTIaSLAS bkt VRt iOn 3Gtk NALELs
rati os. The results al so show a reduction in S
n the Kuhn1 column at different temperatures and at a CRS:water
15 ratio of 2.6:1 in the pre-extraction, an acetic acid:water ratio of

3.0:1 in the extracting solution feed and a CRS:methyl iodide ratio
of 1:1.

20
25
30

35
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20
t he base net hyl

pre-extracti on using nethyl

havi ng conpositions 25
approxi mately 60: 15: 25.
Experinment 37 acid :
i odide and tar:

conprisi ng net hyl

water r

i odi de phase fromthe Kuhni
(nunbers 1 and 37) were performed without the iodi dﬁsmktM@Mchﬁf:m

LR

i odi de-

of acetic acid :
(Experinent 1 acid
= 3.8:1).
extraction solution was 0.28:1 for

atio

sat urated aqueo
@t er

mater
The wei ght

efficiency at high tar efficiences as QAS in renoved with the tar in

col urm—Comparisom experi nents

ol uti ons

rati o of conposition

Experiment 1 and 0.21:1 for Experiment 3fg gll3e stream conpositions are

shown in 30
and tar
respectively.

Tabl e 4.

! _ or Experinents 1 and 37
Us i st @rdé i /irRrERARAEIOZ AT T Piti-StkiiceoN afekp SrAT@§ESSary

The rhodlun1extracrrUn efficiences were 74% and 87%
extraction efficiences were 31 and 14%f or

to achieve the rhodiumeffrcrencres of the conparison experinents were
determ ned by extropolation and these were then 35 used to estimate the
eXpeCt ed tars ef fi cierees—ra—the P-qc€ss arecot-ci 9] ot IIC Pt esent
i nvention for rhodi mef icile qQf T4 gpq, t?R{g gpr }:B% halgk fAL10
d EfF.

of 2.6:1 the tar eflfitiences mug$d %fe%%ec Ogoa 5 41%?
respectively and fdqr a CRS :| Watew |val Feedf 1)5: % thetar %ffifienctes
woul d be expected tjo be 38%lapdiH ZYao The¢se are gignificaptly better
t han those achieveq without jthe iodide salt apd pre-extractionf Thus the¢
process of the predent 1 nvention alllows for | fjcreased|tar extrpction
efficiency ato rhodijum kxtracf i ons3®fifi cisenci es|of dnow| pradessps 62,7 si fce
tar and rhodi um extjrac{d on fi Cif nci e 0 ar e ggnverlsel y,,r el pt edg_@n
i ncreased rhodi um gxtraction ¢ obtai ned for tar extract|o1
ef ficiencies corredponfl ng t WeAm] pr dedsses| Fidure |2 siws hvePlge
rhodi um and tar extpaciion flP-excLes_44L44ma_KuhnL_coLunn—aL-dLLLeLeni
tenperatures and atf a CRS: er 15 ratio of |2.6:1 in thetgre extracti ¢n,
an acetic acid:watdr rttio of 2-39 3.0 78 2 98.7

15 17 2.82 2.85 95 16 98.4

11 2.46 2.7 89 32 98.3
26 2.49 2.6 85 35 97.8

20 Note: CRS/MeI =1

25

30

35
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3. 0 1in the extracting solution feed and a CRS: nethyl iodide ratio of 1:1.
20 25 30 35 18 TABLE 2 EFFECT OF ACI DY WATER RATI O AT TWD PRE- EXTRACTI ON

FEED RATES 5 Expt. No. CRS Acid/ Water  Rnh Eff. W
Wt er Feed % % Rat i o Ratio 10 This Sheet B} Been Repla

1.53 4.0 98 14 1999. 7 15 Hmumﬂm

95 24 98.6 20 1. 47 3.5 ”'r

99.2 18 2.59 3.0 98 26

17 2. 82 2.85 95 16 98. 4 11 2. 46
2.7 89 32 98. 3 gg%?%: 2. 49 85
35 97.8 25 30 35 19 TABLE 3 E ACI D/ WATER RATI O AT TWO

DI FFERENT CRS/ Mel RATIOS 5 Expt. CRS CRS Acid/ Water Rh Eff. Tar

5” . QAS Eff. Nopppiil 8F aci¥Pdarer raTIOFEPYWO DIFFERENY CRS/MeI RATIOR
0

5
Expt.| CRS CRS Acid/Water Rh Eff. Tar Eff. QAS EfE.
No. |Water | MeI Feed % 4 b4
Ratio [Ratio Ratio
10 29 2.96 }1.37 2.4 80 23 98.6
30 2.92 |1.37 3.0 97 9 99.4
23 2.94 |1.37 3.2 97 6 99.5
33 1.72 ]0.58 2.5 26 56 94.8
15 35 1.96 [0.54 2.8 26 58 95.7
24 .2.06 10.58 3.0 68 41 97.0
20
25
30
35

19



Ratio Ratio  Ratio 10 29  2.96 1.37 2.4 80
23 98.6 30  2.92 1.37 3.0

99.4 23 2.94 1.37 3.2 97 ’-_6’————99%3

1.72 .0.58 2.5 26 gl BeenRe 10381
1.96 0.54 2.8 26 20 0.58
3.0 68 41 97.0 20 25 30 Date

de -

COVPCSI TI ONS FOR COVPARI SON EXPERI MENTS 5 Conposi tion

~Diluted Tar 10 Experlnent 1
Experi ment 37 Rhodi um (ppm TABLE 4 365 340 Tar (%
by wei ght) 11 L =====0.4 QAS (% by melght)
9 15 Water (% by wei ght)
5 1 Methyl iodide (% by oné' %0R COMPARISON R Met hyI acet ate
(% by wel ght) 5 WedohBbdrrr %g MPARISON EXPE %% woi ght)
19. 19.3 20 Conposition of Extracting Sol ution
Experlnent i Experiment 37 Water (% by wei ght) 17.7 '
14.8 25 Methyl iodide (%Db mei%htz 23.1 d 27. 7
Methyl acetate (%MEM“W———D“—“@—T@% Acetic acid (% by
wei ght) 58.8 56.3 30 35
10 Experiment 1 Experiment 37
Rhodium (ppm) 365 340
Tar (% by weight) 11 9.4
QAS (% by weight) ' 9 9
15 Water (% by weight) 4.7 5.1
Methyl iodide (% by weight) 42.8 47.3
Methyl acetate (% by weight) 5.7 6.0
Acetic acid (% by weight) 19.5 19.3
20 Composition of Extracting Solution

Experiment 1 Experiment 37

Water (% by weight) 17.7 14.8
25 Methyl iodide (% by weight) 23.1 27.7
Methyl acetate (%Z by weight) 0.9 0.3
Acetic acid (% by weight) 58.8 56.3

30

35

20



21 Cdaim 1. A process for the recovery of Goup VIII noble netal

catal yst froma process streamconprising Goup VIII noble netal

carbonyl ation catalyst and tar, which tar has been generated during 5
carbonyl ati on process for the productlon of carboxylic acid anhnglckﬁdAE 2)
the presence of a Goup VIII noble netal carbonyl ation catal yst é
pronoter and an iodide salt co-pronoter, which recovery process conprises
the steps of: (a) mxing the process streamw th alkyl halide to produce a
10 conposition conprising alkyl halide, tar and Goup VIII noble neta
catalyst; (b) contacting the conposrtion fronnarep (a) wwth an extracting

solution conprising (i) water, j d corresponding to the
car boxylic anhydride product of tl m;ﬂ imm!iw process (| [ |) 15 i odi de

salt co-pronoter derived fromthe canbony At al kyl
hal ide, to produce an aqueous phase conpri.sing C?oup V1II noble neta

catal yst and an" al kyl halide phase conpr|5|ng tar; and
aqueous and al kyl halide phases. - 2. A process as clal
whi ch the iodide salt 20 co-pronoter in the extracting

derived fromthe carbonylation process in a pre-extraction step 1 n which
process stream conprising iodide salt co-pronoter, Goup VIII noble netal
carbonyl ati on catal yst, carboxylic acid anhydride and/or its corresponding
acid and tar, is mxed with alkyl halide and water to 25 produce (i) a
pre-extraction aqueous phase conprising water, 22 correspondi ng
carboxylic acid thereof and tar, is mxed with alkyl halide and water to
produce (i) a pre-®&Paction aqueous phase _

1. A process for the recovery of Group VIII noble metal catalyst

from a process stream comprising Group VIII noble metal
carbonylation catalyst and ﬁar, which tar has been generated during
5 a carbonylation procesé for the production of carboxylic acid
anhydride in the presence of a Group VIII noble metal carbonylation
catalyst, a halide promoter and an iodide salt co-promoter, which
recovery process comprises the steps of:
(a) mixing the process stream with alkyl halide to produce a
10 composition comprising alkyl halide, tar and Group VIII noble metal
catalyst;
{b) contacting the composition from step (a) with an extracting
solution comprising (i) water, (ii) carboxylic acid corfesponding to
the carboxylic anhydride product of the carbonylation process (iii)
15 iodide salt co-promoter derived from the carbonylation process and
{iv) alkyl halide; to produce an aqueous phase comprising Group VIII
noble metal catalyst and an alkyl halide phase comprising tar; and
(c) =separating the aqueous and alkyl halide phases.
2. A process as claimed in claim 1 in which the iodide salt
20 ¢co-promoter in the extraeting solution is derived from the
carbonylation process in a pre-extraction step in which a process
stream comprising iodide salt co-promoter, Group VIII noble metal
carbonylation catalyst, carboxylic acid anhydride aﬁd/or its
corresponding acid and tar, is mixed with alkyl halide and water to

25 produce (i) a pre-extraction aqueous phase comprising water,

21



coﬁpri 5| ng water, carboxylic acid corresponding to the carboxylic acid
‘anhydri de product of said carbonylation process, alkyl haLLdeS\and
i odide salt co-pronoter, and (ii) a pre-extraction al kyl  halide phase—————

conprising alkyl halide, tar and Goup VI Ig noble netal c lﬂmm
whi ch said pre-extracti on phases are separ ted and said pr ”Mm },ZU.,JL
aqueous phase is used for at least part of said extracting 'solut ton¥ i ns

(b). 10 3. Aprocess as clainmed in claim2 in which said process stream

conprising iodide salt co-promoter, Goup VIII noble metal carbonylation
cat al yst, car boxgpPrresaendingnearberyfieicopcid shersof canso har ndscmixedxyitihc abiesild

thereof and tar hg1Qfl aadQdtéF @R SAddcE A1) 0N ral &kt aPE RRCaGudd¥is VhHaRE aWi Ng
a liquid carbonylation 15. .conposition conprising a Groug VI11 nobl e netal

car bonyl ati on caf3PRAdfing Wa5eT g &b Rcid Foroefreading £o ctheprarhoxet ic
carboxylic acid aahydnhgeride ﬁﬂwumrolfesmndamnymﬂiaxyénoeemi dlkyichebide

Conpost ton Fo aaft 80 dateleoRrbabdRl SR 5% brel 54 ERORMNLhE PR,
to produce (a) apbaﬁpﬁ)epml?rrlae{is @dAkahdal fde,atat qof deropp cYiIdnnedepretalng Group '

VIT1 noble netal cga4t g‘gﬂyla&fd' Of wh @t ls¥$d  prieOcidac6fnt phokeRl 2D sEharated and
carboxylic acid anh‘g I de or the correspondi ngs car boxylic_acid thereof and

tar. 4. A proces§a%1 PEPEFATEACT PR PHteRPS RIRShTSCHSthECE difc dprTtaPrEn St oFaids

wat er, carboxyli exaacdmg sallkiyionhﬂi isdepi¢b)sai d pre-extracti on aqueous phase

are adjusted yad| n_of r |I.C 1 d.qr, al k al i de before
use for at Iegst ga t §¥°°tel'sns ext rrl?il e?ng solau'%l ‘in Whm? sal%{bgrmcgss ﬁtl%r Otess
as clainmed in cl gseeprAsing iledéde saitl Cprer@fm'-@acﬁrm K{UERS n&hl@@@!‘,abhase

conprises 60 to %Qf@&lfylaeidil w&iﬂlget sala}b&amé cm&%h §P18eS 84 cther ocess
stream conpri si ngel odi de_sal t | e netal, carbox %I‘Fﬁc acid

anhydride or its ebr52epHiTsi ﬁ@rbz%?"dfaﬁﬁldt &Per‘%’f ﬂf‘dprtﬁ’éejsss°5tsa i THeg Faid
claim11 in whichcehisonyanbivoybraceasiy anthadavilg prhdued oirbemildtion

carbonyl ati OTS pr %gggdssi%%g)rcioggxsis?ggeta! %rg'lg) VIf}JP r;%g{é gngtal carbonylation
catalyst, a halide promoter, an iodide salt co-promoter, carboxylic
acid anhydride or the corresponding carboxylic acid thereof,
carbonylation reactant and tar and subjecting said liquid
carbonylation composition to a flash separation with or without the
20 addition of heat to produce (a) a vapour fraction and (b) a liquid
fraction comprising Group VIII noble metal carbonylation catalyst,
iodide salt co-promoter, carboxylic acid anhydride or the
corresponding carbéxylic acid thereof and tar.
4. A process as claimed in claim 2 in which the concentrations of
25 water, carboxylic acid or élkyl halide in said pre-extraction
aqueous phase are adjusted by addition of water, carboxylic acid or
alkyl halide before use for at least part of the extracting solution
in step (b).
5. A process as claimed in claim 2 in which said pre-extraction
30 aqueous phase comprises 60 to 90% of said iodide salt co-promoter
from said process stream comprising iodide salt, Group VIII noble
metal, carboxylic acid anhydride or its corresponding acid and tar.
6. A process as claimed in claim 1 in which the carboxylic acid
anhydride product of said carbonylation process comprises acetic

35 anhydride.
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237 A process as clainmed in claim6 in which said Goup VIII noble netal
conprises rhodium 8. A process as clained in claim

carbonyl ation halide pronoter and said al kyl halide conﬂlmwm I,l”)m,de
5 9. A process as clainmed in claim8_,n which said

co-pronoter conprises an iodide salt sel e@%ed fromthe group consi sti ng of

| odi de salts of quaternary am ne, phosphine, arsine and stibine; chrom um
zirconium vanadiumand lithium 10. A process as claimed in claim9 in

whi ch said iodide salt 10 co-pronoter conprises N, N dinethyl imdazolium
i odi de or an al kyt ate@rerassyas iojeinadeinglainib ip ‘BTiGEe%asldagr%‘PaVdePWe
claim9 in whiChetal @ohpslisde S¥dtiufO-pronoter conprises |lithiumiodide. 15

S 20R2SES0RSS 8. A process as claimed in claim 7 in which said carbonylation
halide promoter and said élkyl halide comprise methyl iodide.

5 9. A process és claimed in claim 8 in which said iodide salt
co-promoter comprises an iodide salt selected from the group
consisting of iodide salts of quaternary amine, phosphine, arsine
and stibine; chromium; zirconium; vanadium and lithium.

10. A process as claimed in claim 9 in which said iodide salt

10 co-promoter comprises N,N' dimethyl imidazolium iodide or an

alkylated derivative thereof.

11. A process as claimed in claim 9 in which said iodide salt

co-promoter comprises lithium iodide.
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