10

15

20

25

30

WO 2006/064178 PCTIGB2005/004438 1 PROCESS AND CATALYST
FOR THE MANUFACTURE OF ACETIC ACID The present invention
worglates4a process for the production of acetic acid and in BSAMaRRe(s/604438
process for the production of acetic acid by carbonylation in the presence
of 5 arhodium catalyst system. The production of acetic acid by the
carbonylation of methanol in the presence of a rhodium catalyst is known
and is descrlbed for example in, US 3,769,329 and EP-A-0 161874 US
NI CAIALY ST ﬂ@ﬁﬁ%ﬁ%’lﬁtﬁfﬁ?% PN b Lo (1)
T arconoror e €SLET, eltieT diid
hallde derlvatlves with carbon monoxide in the presence of a catalyst
sysipm comprising & o Th.ARd A NAIOUGNSA0ReNER! SHeth
ass}fn%etﬁy ﬂt%?orgfejar{{é |508 %gl% Q%e o%hfﬂ%%l US g 227,519
padasdumsaapmmisnf@hqmogmm% ncgflemém@admslwrh@ the presence of
ar?h %;an%toégglﬁlcohol in a liquid reaction medium containing a

odium cata n 15 alkyl iodide, an iodide salt and a trihaloacetic acid

proﬁ@W@WMﬂﬁ@PWﬂ%bY Hescarhraziaion e rsalitibis sreence of a
rhGRIRR A REIY WRRIR I AR alsahRlsysh aamatianclys eecied WMdnEp-A-0

carbon monoxide in a liquid reaction medium containing a rhodium
16d&¢4yst stabilized with an iodide salt such as lithium iodide along with an

alkylL@ﬂ%a@@@a@&m@@ﬁ%@emﬁm@Beoqae@&maﬁ@aamfymmaml as
has now been surprisingly found that by usmgkggrtam

acﬁ%aﬁgﬁd*eaﬁ%ﬁa@a 18 gk %Pma SRk iSRS ASHSAt YRS it
cafBbilgdpndestiomhebaseticeastid iniravesstenrbomylasiop 1 alﬁ;ﬂlmﬁ)ccb)eponent

ieved. Thus, according to the pr. ntion th rOV|d
o ) Gy UG SO BEHAN St D SR AT B €Dl
comusearhoal mmﬁaeb@qymm&sthata{ymmhybwbbdghaadlw wabe
riop hy(%rohafo enoic acid.prompter in the s%b%a%nltllalaarg SE ec%fta st, an
Q?Ra?[ iStalic ecs arlikalne Sartaodi e%lem alcc%mpe es capa }y
aligdnedatengn ipdnié sdﬂsmhp&ldl@lmﬂcgemecail meoRoTdre present |nvent|on
also oK ARIOEEI Rl NGRLASHAN BIARHEACK R RANNGA wherein
carbon monoxide with met | and/or a r

active derivative théreof in the
an3(0cebbksachias aisbaes sfighesdil itatabiaascaikade inaditid agelion medium

colif ?h%oﬂ%%ﬁﬁ caRARIS 1 ISR fo SRS ARPRNEQfERALTBERE Blong

in a liquid reaction cormposition comprising
with an alkyl iodide and an alkyl acetate and a finite concentration of water.

It has now been surprisingly found that by using certain non-hydrohalogenoic acids
in a thodium-catalysed carbonylation process for the production of acetic acid improved
carbonylation rates may be achieved.

Thus, according to the preseﬁt invention there is provided a catalyst system for the
production of acetic acid which catalyst system comprises a rhddium carbonylation
catalyst, methyl jodide, and at least one non-hydrohalogenoic acid promoter in the
substantial absence of alkali metal iodides, alkaline earth iodides, metal complexes capable
of generating I', and salts capable of generating I'.

The present invention also provides a process for the production of acetic acid by
reacting carbon monoxide with methanol and/or a reactive derivative thereof in the
substantial absence of alkali metal iodides, alkaline earth iodides, metal complexes capable
of generating I', salts capable of generaﬁng I' in a liquid reaction composition comprising

methyl acetate, a finite concentration of water, acetic acid and a catalyst system comprising
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methyl acetate, a finite concentration of water, acetic acid and a catalyst

system comprising WO 2006/064178 PCT/GB2005/004438 2 a rhodium
wocarsamylasion catalyst, methyl iodide and at least one PCT/GB2005/004438

non-hydrohalogenoic acid promoter. The present invention further

provides for the use of a catalyst systedn for the production of acetic acid

which catalyst system comprises a rhodium carbonylation 5 catalyst,

methyl iodide, and at least one non-hydrohalogenoic acid promoter in the

substantial absence of alkali io Ikaline earth io | taI
o R A R Pt R oA e b B eh A e ot acid
premﬂté‘rydrohalogenom acid for use in the process present invention may
ui be at least one.of.an oxo Cld a eracd a etero id.
jﬁ] §e(§F i W‘_’Lﬁlﬂ %ﬁ‘&‘r‘é&é‘h" |ds e sgr%ae g ererrlﬁ)t?ﬁ\/{gg
prodiaytioa ofecktiucieidsymioivee ot aysiemstdmpr[ttfﬁerdmdmmdsmylauon
o551 MO en uperanids oL alieas e deie I BraRpasid e 2
fea f c? and% %8

ure 0O at east one oxoacl tleas € superaci OI’ at
suﬂ&wtmh@bheneea}fcﬂyaadldmtalwﬁdﬁeuwd@bt@o@t@ylmdsmI@d@i@@mnlmi capable

@n%%ﬁxlgfl‘y q Qlf tgle gﬁ(&gﬁ and a superacid type. 15 Oxoacids

ts
e compounds with X-OH roups f'the type H"XO,,, wherein X is a non-
meﬁbé@ﬂm@ﬁﬁk@hﬂlﬁg&h@l%%@@m@g@@Em@ﬁ?ﬂ%ﬁfm%nﬁh‘ﬂﬂﬁl@kﬁ%%ﬁably

bAEEIRR AR SR GNP G RulADIA AXRACIHBAARISE ibAbe

process of the present invention include the oxoacids of the elements of
hydidufsgamie aGdsrah&puisdi TiElsrently s b e o6 cHifd 36 théxtures of at

RIS AIBALRYP LR INS S BRI ORI O hBRIAEUS L AR A 3RO fferent

Group 14 oxoacids include those of germanium_such as H4GeO4. Gy

hejesopplyariiis Ih &I e e KEOBY APBGEHAISINRALBR FRpEfpedor at

1@@8@@1&@%9@@%@ MiaininBeax@aaits dejude HINQBpRAGIINGZN acid may be
nghB ples of p horus-co alnlng oxoacids include H3PO4, H3PO3

F%‘ﬁ’a AP RIBPELL KB ontaining oxoacids 25 include H3AsO3.
Gr@mé&camamdmpmwewﬂﬂem(gd&pﬁ ] It;hbmymﬁh)@@,,l—iﬁﬁ@éﬁn X is a non-

H2S03, trl mdég%)toluenes ho iC amﬁles %?mum for gg(ca
R adl 2 *’én&f‘ 6TeLE. BréGr 17 x8ac“ﬁs
Hitay, BeNOxcacid$@hromine, |od|ne and chlorlne such as HBrO, HC10,

Ho100,1C102. 80 HE104: RieleUed, OREIRAIS HAS 04 MR a0
H3 or mixtures ereo
oxoacids of the elements of Groups 13 to 17 of the Periodic Table.

Suitable oxoacids of the elements of Group 13 include the oxoacids of boron such as
H3BO;. Group 14 oxoacids include those of germanium such as HyGeOy. Group 15
oxoacids include the oxoacids of nitrogen, phosphorus and arsenic. Suitable nitrogen-
containing oxoacids include HINO; and HNO,. Examples of phosphorus-containing
oxoacids include H3POs, H3PO; and H3PO,. Examples of arsenic-containing oxoacids
include H3AsOs. Group 16 oxoacids include the oxoacids of sulphur such as H;SO4,
H,S0;3, triflic acid, p-toluenesulphonic acid, selenium, for example H,SeO; and HySeO4
and tellurium such as HgTeOg. Group 17 oxoacids may be oxoacids of bromine, iodine
and chlorine such as HBrO, HCIO, HsIOg, HCIO, and HCIOy4,

Preferred oxoacids are HySO4, HNOj and H3PO4 or mixtures thereof. ‘

Acidity can be measured in a wide variety of solvents. Typically the acidity of a

substance is measured in water and the hydrogen ion concentration generated by the

substance therein is often given in terms of the pH scale. Solutions of a substance having a
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30 Acidity can be measured in a wide variety of solvents. Typically the
acidity of a substance is measured in water and the hydrogen ion
wooongenrtration generated by the substance therein is often BVERBIAEYAI4438
of the pH scale. Solutions of a substance having a WO 2006/064178
PCTIGB20051004438 3 pH lower th&n 7.0 are acidic; those of higher pH
are alkaline. However, the concepts of hydrogen ion. concentration and
pH are meaningful onIy for dilute aqueous solutions of acids. Thus, a
idel eans term acidijt i
P e Tt A e e e, Tty
hyddegds ﬂafmxdea&r&tidn mqbKBlalr% miesgifBE P B fowpidrée [Byeous solutions of

ac Igonﬁ:gntratlo QE}? ?ogﬁgtjé“lﬂﬂ)nwgﬂﬁﬁ%‘ CRRiration L5 e high
e weal

conjug Jate aC| base pK BH+is pK of indicator in water The

cortqmuatumtmaaaa@r@@bgmbeﬂ@wéaweﬁww%ﬁéafa@tr%w igefined as

weak 10 bases (Bl){su?]?%o NEEO@Me 8 2,4-dinitroaniline. The weak
base is (partly) converted In the acidic substance to the conjugate acid of

whitve [Fdde (BRROSTtFRIQRIRIE OTTE-PAPY (iBTisaiSRically measured by

[HERECrophQlgMBHiG BT BYHRIDALRSIKROWR SR buater for the base,
Ho can then be calculated for the acidic substance. Acidic substances

PRwtthisHo vatleQTABdIraahBY 4% are referred to as superacids. 15 |
Supegrrcigs.argeisvarskfid O stares Raiangdasmy indlastacubeuse weak

solution of a strong acid. Aci ith a -Ho of eater han 12,
basgs the %‘ﬁ%ﬂé&d}“%ﬂf’e“ﬁwfa%g % \&ngoeim & processatléf%t I lsjgéarpfﬁscgn%gmd
in tﬁyeaumswamﬁwmamd@ﬂmgummbétpedxassﬁsﬂ*he "ﬂuesehtqn\ﬁéﬁﬂoh/ [B] is
Nnon-coo natln 0 WhICh is mea tI
LB BB TR St B AT RIS 0 BR SNl bor e
baig, m@qamttessbefcﬂieqineédht thveridonsifisladecacids which have the

follpw BF4"
508 SRS PSR P Bl S0
Suimcheifts MBEAWARKE, wm@@mm bHPlaBIBENE 1RIEPBESIYEERIE

facf’?: Sl kngwing he ey 18rePolyAcid a8 48R Pere RN IBruaheyb: use
e specification Mmeans the free acid and/or the assomated metal salts
in the process of the present invention.

The superacids for use in the process of the present invention have non-coordinating
anions by which is meant that little or no covalent interaction between the anion and
iridium.

Suitable superacids for use in the process of the present invention include acids
which have the following anions BF4, PFs, (CF380,),N", CBHgBrs , CF350;5", SbF¢,
FSO;™ or mixtures thereof.

Specific examples of suitable superacids include HBF,4, HPFs, (CF3S0,),NH and
HCBH¢Brs -

Heteropo.lyacids are well known. The term "heteropolyacid" as used herein

and throughout the specification means the free acid and/or the associated metal salts
thereof. Typically, the heteropolyacid anion comprises from two to eighteen oxygen-
linked polyvalent metal atoms, which are generally known as the "peripheral” atoms.
These peripheral atoms surround one or more central atoms in a symmetrical manner. The
peripheral atoms are usually one or more of molybdenum, tungsten, vanadium, chromium,

niobium, tantalum and other metals. The central atoms are usually silicon or phosphorus
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thereof. Typically, the heteropolyacid anion comprises from two to
eighteen oxygen- linked polyvalent metal atoms, which are generally
woknoywsassthe "peripheral” atoms. 30 These peripheral atomaCSuGBAMs 004438
one or more central atoms in a symmetrical manner. The peripheral
atoms are usually one or more of molybdenum, tungsten, vanadium,
chromium, niobium, tantalum and other metals. The central atoms are
usually silicon or phosphorus WO 2006/064178 PCT/G112005/004438 4
but can camprise any one of a large variety of atoms fro ups. I- in:
S ek e b e R e
Tallivafenthenylitfesinos lodbafor dnstioke | daprss idvsshvdord heraidipmmitias; cobalt
or r%%ﬂh S otve Qrt%[l ?drgrsgﬂll%l' NHMORY R NOSRNALSDISTUIER, £EAEHAM
or rnodiurh’ions; tetravafent silicon, germanium, tin, 5 titanium, zirconium,
phasphadisrhissulghehreetio ey, Hredigariess were | pihatisa BEmgmumn, 1o,
tita%ﬁiﬂl'%x;s&ﬂ&gw&%m oinarFatEIRATR, BNSRRRE YAEE BR@SRROMS um,
arsenic, vanadium, antimony ions; hexavalent tellurium ions; and .
hatispravatisie isamenbAties R cREbIBSORFRERISISHERRSEPRABIRAfiggnic, vanadium,
antiRRNPXQRVIRRS vaibRIYOXGREabate sn PR akax deid usierSudhe
structures of some of the well known anions are named %Bger the qri in?l d
heterppeSERINaR HF RIS BR HEHHBICER o U IR AS e gg el oxide
cluvsls-Dawsencanes MndsrsaiT-Evanst Renell siivgiuiesdirieadpoliacidginal
may be represented by the formula H3M12X0O40 wher 's_i;gl‘gsteghd
reSRASHSHERRS B SV AR SRS AR F OSBRI R o
Adabasplorausrerisiitarucrederably, the heteropolyacid is selected from
silicotungstic acids, silicomolybdic 15 acids, phosphotungstic acids,
phbkpiropodyybidic majdsesgoresethé o tiofimgakidE:M 12X O where M is tungsten,
-tungsto ri igh - 4 0, i
T e S S S con
12#&?&&9&2?%@%&%%&%%&@&%hldggiﬁ@dﬂﬁigm@@lyagi@mmwdic
have a high molecular weight, for example, in the ran%e from 700-8500

acigadphnspirsuarariacidmphesalomAlb s reids sichivs (g LBiBB ARl
12};{9}@'5{%%{5@,@%%%@3 water or other oxygenagarseleeppxEspecially if

they are free acids. The non-hydrohalogenoic acid for use in the process

12oheigbdepbesnliptientish may be introduced &leEcpintdahdtfeactor, |

12{%%%@%&4\%}9 a(ggéep_arately from a reactant fepiz4 S%ﬁV?}f@ﬁ]Tkﬂ; ke _
non-hydrohalogenoic acid may be used in the form of an aqueous solution
12aholybdosilicic acid - H4[SiMo13040] xH;0
Heteropolyacids usually have a high molecular weight, for example, in the range
from 700-8500 and include dimeric complexes. They have a relatively high solubility in
polar solvents such as water or other oxygenated solvents, especially if they are free acids.

The non-hydrohalogenoic acid for use in the process of the present invention may

be introduced directly into the reactor, together with or separately from a reactant feed

~stream. The non-hydrohalogenoic acid may be used in the form of an aqueous solution of

the acid.

The amount of the non-hydrohalogenoic acid to be used in the process of the present
invention should be sufficient to provide a promotional effect on the carbonylation rate.
The exact amount will depend on the specific non-hydrohalogenoic used and, in particular,
on the nature and concentration of the anion of the acid. Without wishing to be bound by

any theory, it is believed that certain anions, such as those of oxoacids, may co-ordinate to
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the acid. The amount of the non-hydrohalogenoic acid to be used in the

process of the present invention should be sufficient to provide a
womamoetional effect on the carbonylation rate. The exact am8GitGH#A005/004438

depend on the specific non-hydrohalogenoic used and, in particular, 30 on

the nature and concentration of the anfon of the acid. Without wishing to

be bound by any theory, it is believed that certain anions, such as those

of oxoacids, may co-ordinate to WO 20061064178 PCT/GB2005/004438

he rhodiu us, if th conce ation of these oxoa ns, is
th‘fd[ ]é]ﬁn gleg%’tF ‘f‘r‘? :lﬁ“ d#tect Rt %aélr %(r)]yﬁ-‘ ion tate T may ensu{egloh
dettoneava refifethefahiocmibogriattoordinatipgueuth dldvodiemiMlet alpibigiseron-
co%? 1?1% e IOhS % t(ﬁle aCId Ee? (r:%ﬁ{!: %ut?‘ﬁgtgp‘!ﬁe g&?d g%te%ﬁo ed.
sup erac ICh may e a o the qU| reaction 5 composition is such
thasmehhorap pantiouof the anmmatmirwb@im mas he ddded g pdianidresRieno

co&%ﬁjﬁ liod iPISIE R IBRFARgSJaRAE LA R@ 1&1&&1@%&@9’[@&&&

range [0.051t0 0.5] 1. Tﬁ/plcal , the amount of oxoacid which may b
thapiBéel ?télhé mefaraebcﬂaﬁ e SRABOITRSIPTSBRRA 1l e ?ﬁ?ﬁé}a}b‘ué‘l&’f‘e range
[Oeygl%ldg h@dium is in the range [greater than 0 10 to 0.4] : 1. Where the

anion is SO4 7', NO3 or P043-, derived from sulé)hurlc nitric and

phoSpHEHY dbrRreupkefiosRAMHighIP RIS SHIFIR teerigaifimaion
coﬂiﬁéﬁfﬁ*&w @J&l@ﬂmﬂa&{wﬁaﬁ%ﬂmﬂdﬁ Mﬂmdﬁuﬁmgahlmégfaﬁe@[g%@&ﬁhan 0

0 0.35]: 1, such as in the 0,3] : 1. Sui amount of
(o) b0 OIS RICH Ty e et 6 e A b R Rare T and
pHRRPHROSIHEI S Sespedtithdy thie: rmllaf rattoodhitienaoicivthuindslptefambiythethe

ran ter 5 fer er rea rtha 4 to
raqsy %gfegg 3 ?Mie f‘|’agrlllglje11§{ f%r a? 3@1 r%?r@%gfmpta%is e e
[Oliefiiid (De!actlon composition may comprlse any rhodium contamlng

corgound (ichi selas 00 o ncionomegetiog T, gdr

20 catalyst may reactio mposItion In any ASuitable

reg%{fshvxa gogfﬁge%%yﬁ the gy SEARIANGATRESIIOR AL JSiGAMGHIRIe R oe

a soluble form. Examples of suitable rhodium-containing compounds

[gwmehtma;ﬁ Bélé&dédn@f?@wquv@ fesaicnen [esiipotinnr iecidliel» especially, in the
Q(@@)g 1]2, [Rh(CO)2l1]2, [Rh(Cod)CI]2, rhodium (II1) chloride, rhodium

( 1) chloridetrihydrate, rhodium_ (l11), bromide, rhodium (lIIl) iodide,
The rhodium catalyst in the liquid reaction composition may comprise any rhodium

containing compound which is soluble in the liquid reaction composition. The rhodium
catalyst may be added to the liquid reaction composition in any suitable form which
dissolves in the liquid reaction composition or is convertible to a soluble form. Examples
of suitable rhodium-containing compounds which may be added to the liquid reaction
composition include [Rh(CO),Cl]p, [Rh(CO)I]9, [Rh(Cod)Cl]y, rthodium (III) chloride,

* rthodium (III) chloridetrihydrate, rhodium (IIT) bromide, thodium (III) iodide, |

thodium (III) acetate and rhodium dicarbonylacetylacetonate.
Preferably, the rhodium catalyst concentration'in the liquid reaction composition
is in the range 50 to 5000 ppm by weight of thodium, preferably 100 to 1500 ppm.
Where the non-hydrohalogenoic acid is a superacid and/or a heteropolyacid, there
may be optionally employed in the liquid reaction composition a co-promoter selected

from alkali metal iodides, alkaline earth metal iodides, metal complexes capable of

generating I, salts capable of generating I', and mixtures of two or more thereof.
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25 rhodium (11l) acetate and rhodium dicarbonylacetylacetonate.

Preferably, the rhodium catalyst concentration'in the liquid reaction
woconmgp@sitien is in the range 50 to 5000 ppm by weight of rh®diliGi2005/004438

preferably 100 to 150.0 ppm. Where the non-hydrohalogenoic acid is a

superacid and/or a heteropolyacid, thére may be optionally employed in

the liquid reaction composition a co-promoter selected 30 from alkali

metal iodides, alkaline earth metal iodides, metal complexes capable of

generating. |-, salfs capable of generating, |-, and mixtures of.tw .
e e R T S e
ac@feseritimuention providesaoatalyst sybteifocatiomrotontieirbitameticyl
. id which catalyst system compri i i t,
o S T L L B BGR Safe Al AR
hefempoayacigembmimum@mmﬂya_éimmmm%ﬁfsgk@%mwkah
me%gl_?g?ﬁe%tgﬁk%ﬁﬁecg%gt r%@é&%&df‘@&ﬁh qu%pgﬂf@g@ﬁe?ﬁfmﬂ%dw%d salts
metal comp exes capa le of generating h, and salts capable of :
cag@ie:dtmgem‘an@ilrrﬁxdﬁ@@%ﬁé?é'@ﬁmpﬁe present invention also provides a
Progess IRLING RIASUCHRR plARRIICARILEY kaRtineaathen srapaxidRid by

- with methanol and/or a reactive derivative thereof in a liquid reaction .. .
re%m@e@qwﬁ%ﬁ@%é’lﬁ?ﬁ%@eﬁa@é‘?&ﬁﬁ%&i&%HE%H%F%Fo%W?dPe?,hqmd
re&@ﬁ%éﬂ&%ﬁ%ﬂ@zﬁéﬁﬁ@?ﬁéﬁﬁm&&m Arising soreitatosarbomydatientic acid
catalyst, methyl iodide and at least one non-hydrohalogenoic,acid ..
BSOS RO A 6 AL & ROCANAPAN RO AR g nd

ledhereohanbyapsienadynaicaiignoterssatideted fiom alkalbreithldddidemolyacid

lkaline earth iodides, metal.complexes capable enerating T, salts.
o e TR TR A Sal S8 e L S ges.
allatligesitclodiddithitaliodinpleSuitapkd l kélgreceaity Metdls ioditlels of generating
I J,ﬂ&'“de cal tiﬁjm i(%dide. Suitable metal complexes capable of generating f

C
nyxtures €OL. .
nclude comp?lrexes of the lanthanide metals, for example, lanthanum and

ceriufuitabld alicketivehiodidenimidndatithbhmoatisin, Spiebloaiiptxgztomytal
1031%%3(1:1??19&5@;10%9 ﬁizﬁdcs alls GARARIG A SEREal R bR dendlting T include

example, acetates which are capable of conversion in-situ to F 20 and
covrgleniis ot lsntimaidyuatelndey aymmidei danthsame suhePpHBS REMIHHFL iron,
165 MRich BAnPeRHdes @&(%&@ﬂﬁﬁm edoxprompiads hivmapable
alim

lodide. The co-promoter selected from alkali metal iodides, alkaline earth .
ofreenenaeBdeinc isialor SiHpRKL S CARAB VB BTN 107 SARETRSRRS P !
arQEREAlNGls, Sitth AV XERSafy ammonium iodides and phosphonium iodides, which

may be added as such. A preferred co-promoter is lithium iodide.

The co-promoter selected from alkali metal iodides, alkaline earth metal iodides,

metal complexes capable of generating I, salts capable of generating I, and mixtures of

two or more thereof is suitably added to the liquid reaction composition in an amount such

that the amount of jonic iodide (I") generated is in the range 5 to 20 wt%.

In the process of the present invention, the concentration of methyl iodide co-catalyst
in the liquid reaction composition is preferably in the range 5 to 16 % by Weight.

In the process of the present invention, suitable reactive derivatives of methanol
include methyl acetate, dimethyl ether and methyl iodide. A mixture of methanol and
reactive derivatives thereof may be used as reactants in the process of the present

invention. Water is required as co-reactant for ether or ester reactants. Preferably,

- methanol and/or methyl acetate are used as reactants.
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two or more thereof is suitably added to the liquid reaction composition in

an amount such 25 that the amount of ionic iodide (I-) generated is in the
waanges+10820 wt%. In the process of the present invention, tPET/GB2005/004438

concentration of methyl iodide co-catalyst in the liquid reaction

composition is preferably in the range’s to 16 % by weight. In the process

of the present invention, suitable reactive derivatives of methanol include

methyl acetate, dimethyl ether and methyl iodide. A mixture of methanol

and 30 reactive derivatives thereof may be used as rs?gcta ts.jin . the

prodbleashsanes rebe R aRABl BRIN ARF I Ftsiivat S heser Atk aRE for

coBIRAEOILSIRY Kead piserP referahlyl anedheinahanid{od rettivhacetataitoa by

used as reactanis. WO 2006/064178 PCT/ 005/004438 7 At least
e O RO A OF EHE e L (RRr WA B SO
méthyacthenietprérpnd asctiethyhgestétain thehbquigedattioAS6rrposigbh

by reacti ith t boxylic acid product or solvent. Preferably, the
m%&%@% raa%%\rqg;t Or%‘%e)tﬁy yavé’éé é in the liquid reaction composition is in the
ranfaterSuiny 20%obyad dighty B tholégpiéfisrabin 0GRSOV LipNighple, by the

esteV\{%git{&?%eQ&i&{%@é?ﬂ%ﬁ&mﬁgﬁrg%%{ GAGUCLEAMBPSHRRE [ mall amounts
example, i

y the esterification reaction between methanol reactant and

of adticreasiciiseorpto Sierd barhpdiesenstiparims b REqsisduBetipy and
wilydresnatian of MethRRal 10 odHEEHPRIANERNA MRIgE: Wates BaMRR Ly

introduced tothe carbon)ilation reactor together with or separately 10 from

froshlh ot APERBRRE S the HaHd ResEa8 T SBRISE G onY YR MRS Yogerated from

otRERJAIRA AR r pEhEt GOPRPASHISHON FeRclion femBRsitansyihdiawbbesaycled
_ the reactor and may be, recycled in controlled amounts to mainé%jn.
ion.

) the, :
in G AR H IR BRI A0 G BHAIALRS TRANECHRRRCFRLAHER OESHRISO AR, i reaction
coMPERIRANCERdratan ddibatiauic iaaht tigwidryaosiintvisRisitadnyisihebly in the
range_ 1-20 wt%, sucg 1-10 wt%, such as in the.range 2-10 wt%. 15
rap@;:ﬁ&&%%gﬁg%d "@%%n??ﬁg)é/‘ & glsesren &l 371&%%%? may contain
ineMhéopibihes sichidassarhomadipkidessanttibneraittogen coohlie geses,
. water and C1 to C4 paraffinic hydrocarbons. The presen f r tn
B0 HO R LB S e TS e S M e
pAafGtiemigReiemRly Kepiienhas dsHIESeaee MR afesH bt do feratod
of r%droge_na ion products. Thus, the amount gf rBidrOSgPen in the 20 carbon
EeRTBRISR S BLRYARE i&’?%?éf’&%%ﬂé%%“ﬁ?&rﬁpﬁﬁ BRSPS ISP B FEce may
retiRniRe mehfianst yetmaiepeeferably tessihghe smohtofndionrthén the
c aorg ?rlx I{g}%l erreegth tqg%qgigrably less than 1 mol %, more preferably less than 0.5
mol % and yet more preferably less than 0.3 mol % and/or the partial pressure of hydrogen
in the carbonylation reactor is preferably less than 1 x 10° N/m? partial pressure, more
preferably less than 5 x 10* N/m? and yet more preferably less than 3 x 10* N/m?. The
partial pressure of carbon monoxide in the reactor is suitably in the range 1 x 10° N/m? to 7

x 10° N/m?, preferably 1 x 10° N/m? to 3.5 x 10° N/m?, more preferably 1 x 10° N/m? to

1.5 x 10° N/m?.

The total pressure of the carbonylation reaction is suitably in the range 1 x 10° N/m?
to 2 x 107 N/m?, preferably 1.5 x 10° N/m? to 1 x 10" N/m?, more preferably 1.5 x 108
N/m? to 5 x 105 N/m®.

The temperature of the carbonylation reaction is suitably in the range 100 to 300 °C,
preferably in the range 150 to 220 °C.

The process of the present invention may be performed as a batch or as a continuous
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in the carbonylation reactor is preferably less than 1 x 105 N/m2 partial

pressure, more preferably less than 5 x 104 N/m2 and yet more
wreferablydess than 3 x 104 N/m2. The partial pressure of @arb@B2005/004438

monoxide in the reactor is suitably in the range 1 x 105 N/m2 to 7 25 x

106 N/m2, preferably 1 x 105 N/m2 to 8.5 x 106 N/m2 , more preferably 1

x 105 N/m2 to 1.5x106N/m2. The total pressure of the carbonylation

reaction is suitably in the range 1 x 106.N/m2 to 2 x 107 N/m2 , preferably

1.5x 106 N/m2 to {[ x 107 N/m2, more preferably 1.5 x 106 N/m2to 5 x

PIOBRS N RHDIS BEFARRDIERFEY SR LSS reaction is suitably in
the Taegeefi0Qdid EENGEt pesfesablyertieframghellbghio 2260i6h ddeposition by

cess of the present invention may he performed as a batch or as a .
R BE AR SO0 S B BB A S RSSO g acetic
aqiicferalhe pétfdravednas aiab Rirtosis prasessacih e aceteraditt prodediquid

may be recovered.from olN]] iQr ition. [ i
e R D RS, B MR o e
cagloiah Fiotionireaviithdndwer ovatargsdc Rieferd By natetivituith werbeuideresdticom

0 e‘g JgHish %&%ﬁ‘é%‘f BCPORRSUAR BYREREpLCsshMIhAaRng \gHIth the acetic

ction composition from the carbonylation reactor and recovering acetic

acitiy separaled etmdhaorhig ormrRoaetBPICbmboSH 5PreoB RRBPIRbIRN FHER as
HRRARY haianalgistiiation, R8s Bmhichihe Acelifciaeitl isvaaRaraiedetic acid

from the other components of the liquid reaction composition such as o
solrgpfiovhiehanysberrreirlpodide TerstAy fumsiniain frdaeserAaiRRsOR the liquid
relies ahdReptimacid 10 solvent which may be recycled to the reactor to

maintain their concentratjons in the Jiquid reaction composition. The

inveRiHERRB IR Batfﬁ;fd; ShRAE B RGP raferage
thtofdiewlfowiaaptaamples: General Reaction Method 15 All experiments
Gweerep rgor{ne i g, 0 cm3 zirconium autoclave equipped with a stirrer,
%&%ﬂ ~ballast vessel and gas feed lines. The gas and
Aliguipefdachinletrogivdsimeddnpéne dmheithmassenbéjapregsippedsteh a stirrer,

. With.nitrage nimu barg).. The,nitragen was vented from. i

e g U T G R R e
vaute slaveonesdped dit e Spessifisdened with oftrogihyiiodidem 30 barg ).

The nitrogen was vented from the unit and followed by flushing with carbon monoxide (3

x 3 barg cycles). The autoclave was opened to vent. Specified amounts of methyl iodide
followed by water, acetic acid and methyl acetate were added via a funnel before the
autoclave was resealed. Specified amounts of rhodium, non-hydrohalogenoic acid, acetic
acid and lithium iodide (when used) were placed into the catalyst injector. The autoclave
stirrer was switched on (1500 rpm) before pressurising With carbon monoxide. The
assembly was heated to reaction temperature (190 °C). The temperature in the autoclave
was kept constant by controlling the flow of cooling water. The reaction was monitored
until the gas uptake had ceased. On completion of the run the autoclave was cooled to
below 30 °C. The autoclave was then vented. The major component in each batch
carbonylation was acetic acid.

The rate of gas uptake at a certain point in a reaction run was used to calculate the
carbonylation rate, as number of moles of reactant consumed per litre ‘of cold degassed
reactor composition per hour (mol.dm™ hr!) at a particular reactor composition (total

reactor composition based on a cold degassed volume).



20 followed by water, acetic acid and methyl acetate were added via a

funnel before the autoclave was resealed. Specified amounts of rhodium,
non-hydrohalogenoic acid, acetic acid and lithium iodide (when used)

Wepapdsetiinto the catalyst injector. The autoclave stirrePGF4BINFEHEEE
on (1500 rpm) before pressurising with carbon monoxide. The assembly
was heated to reaction temperature (1@0 C). The temperature in the
autoclave 25 was kept constant by controlling the flow of cooling water.
The reaction was monitored until the gas uptake had ceased. On
comp|stighylofcthacr uomthetatito clave mdsicbdied g thelsetow GUIE réphgon from

al&Q S!Qr\éﬁ%’é!@ﬁﬁ@ﬁﬁo‘ﬁ?&éﬁ&ﬂ a@&@&%&@?%ﬁm éEE%@eCQaQ RtGRumed from

carbonyla

ion was acetic acid. The rate of gas

a FERB e R R et A S

B

o

e ata certaég 1%9

AR o e

ohbmalesafipeactant donstoried perdkitreof cold degassed reactor

eactor composition based on a cold degassed volume). WO
2006/064178 PCT/G82005/004435"§"‘We]thyI acetate concentration was

i

as number

{tion per hour (mol.dm 3.hf I) at a particular reactor composition

(o

calculated during the colirse P Ahe reactionAftetia tmma{rmq ¢ampasRiolf,| Lil
assunling é&%ﬂﬂ; A‘&ﬂl_e ofamgﬁhy Mathste WaS£0 nsqégned {égm gv¥ely @ | (g
Exxigj@eqf carbon monoxide that wasAsessemed. Na allowance was made
for the| orgafi&éBmponentdiBine aytoclave ®badspace| 5 Examples
Table 1 Rh/HPA Acetic WaratiMel HPA Rh a Lil Methyl HeterpPolyAcid
aion-AcicHgi{g(o)(o) (g Hxamplggicetat O(HPA‘M‘v‘Iu @) (0 Raged ¢
AANons 1:0307702723/70'0.15H | H3[PW17040].xH20.1:930 52127
28.6 17H5BYs@0BNshe 1.630 89 $93.6 0 AT 0 2%43[P¥W; 20400 xH2E® | ¢
1P U718 Z5kd 7-50.15 00 30 89 8 236 0 | 015 0
2 H3[PW1,040].xH,O 1:9 30 71 8 2361 175 0.15 0
C None 1:0 30 71 8 23.6 0 0.15 | 16.3
3 H3[PW12040] xH,O 1:9 30 55 8 2361 1751 0.15 | 163
(2) : Rh added as [RhC}(CO)2)2
Table 2
Rate at 12%
Example MeOAc
(moLdm™.hr?)
A 11.2
1 17.8
B 6.4
2 17.7
C 12.3
3 18.3

10

As can be seen from a comparison of Examples A and B (not according to the

invention) and Examples 1 and 2 a significant increase in the carbonylation rate can be
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C None1:03071823.6100.1516.3 3 H3[PW12040].xH20 1:9 30 55 8
23.6 17.5 0.15 16.3 (a) Rh added as [RhCI(CO)2]2 Table 2 Rate at 12%
WEXAMISIE cOAC (mol.dm 3.hr'4) A11.2 117.8 B 6.4 2 1PGTGARE/084438
18.31 10 As can be seen from a comparison of Examples A and B (not
according to the invention) and Exambles 1 and 2 a significant increase in
the carbonylation rate can be WO 2006/064178 PCTJGB2005/004438 10
achieved in the presence of a heteropolyacid. In addition, an increase in
it e [
O e o e A A B8 PR BRI o
acbmedahmm widitéon fﬁmth@qémaly@ﬂm@ﬁéﬁétm@%mm@mg HPHBEIUM
Ca%g}gpnylatlnn catalyst, methyl iodide, and at least one heteropolyacid
promoter. 2. A catalyst system as claimed in claim 1 which is in the
absence of alkali metal
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5 iodides, alkaline earth iodides, metal complexes capable of generating
I-, and salts capable of generating I-. 3. A catalyst system as claimed in

claim 1 which further comprises a co- promoter selected from alkali metal MCSLLP

iodides, alkaline earth iodides, metal complexes capable of generating 1-,
salts capable of generating I- and mixturges thereof. 10 4. A catalyst
system according to claim 3 wherein the co-promoter is selected from
lithiyn. iodide, calcium iodide, quaternary ammounium iodides,

hosphonium iodides and complexes of the lanthanide metals, nickel,
Eon, at(RH vt cehidiisATesUAT R AR At rste) SRR foTeRdH™
v einatng catpramaterhis lithila® 44 indide: ahealivlyshysysdgiomoter.
according to any one of clajms 1 1o 5 wherein the heteropolyacid is .
Jelecte T SIRSSRLSHE BERTS EFAolyBIE AEIdS, T BHUSE Gt gdeli meta
acidksphiaspheometihdit @sids antonixpleesstharsot 3f feaatatiyst Byaiehsalts
according to claim 6 wherein the heteropolyacid is selected 20 from
i@%l’?g%?@ﬁﬂsrsaﬁ%gc‘acid, 12-molybdophosphoric acid, 12-tungstosilicic
acid, 12-smalybdogitiaic acidaanddnixtities theteds. BrAdgprooapsifos the-

roduction of acetic aci carbonylating methanol and/or, a reactive
P e R A LSPR AR ROREA e A B L FechaH S Aboaipmplexes

caraplkisifigmetityhadetedls adinivdecdnperitatignlofhwhter @eetithaciofand
catalyst 25 system according to any.ong of claims 1 to 7. 9. A process
Sccorciog L8 Bt e S R, S b A et
liguid itbactiandidempakition isddehqtiettive yrotan oatiowof helidspphy@pitbnium
A9, coodr%y LR s'”o%*lﬁer.ﬂ}ﬁﬁaﬁg@aﬁleert&ﬁ‘s?%g& 1%%%51,1&1&851&&%0&? S
accorélng to claim 9 wherein the molar ratio’of hetéropolyacid anion 30 to
chodiummis in the range [greater than 4 to 12] : 1. 11. A process according

X C"'J“’R%Qt);"{%&@@t%ﬁ%@&!?&i@iﬁ% 91%1%3%(9989&%&%@%% ot BP0
Intherange [8to11]: 1. MC St.Ip 12 12. A process according to any
oredef claims 8 to 11 wherein the concentration of rhodium in the liquid

& aCtiOR %8&99?5%&:& HE&BM@QQ%%S? 3ePARRM to 5 wherein the

heteropolyacid is selected from silicotungstic acids, silicomolybdic acids,
phosphotungstic acids, phosphomolybdic acids and mixtures thereof.

7. A catalyst system according to claim 6 wherein the heteropolyacid is selected
from 12-tungstophosphoric acid, 12-molybdophosphoric acid, 12-tungstosilicic acid,
12-molybdosilicic acid and mixtures thereof.

8. A process for the production of acetic acid by carbonylating methanol and/or
a reactive derivative thereof with carbon monoxide in a liquid reaction composition
comprising methyl acetate, a finite concentration of water, acetic acid and a catalyst
system according to any one of claims 1 to 7.

9. A process according to claim 8 wherein the amount of heteropolyacid added to
the liquid reaction composition is such that the molar ratio of heteropolyacid anion to
rhodium is in the range [greater than 0 to 15] : 1.

10. A process according to claim 9 wherein the molar ratio of heteropolyacid anion
to rhodium is in the range [greater than 4 to 12] : 1.

11. A process according to claim 10 wherein the molar ratio of heteropolyacid anion

to rhodium is in the range [§ to 11] : 1.
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13. A process according to any one of claims 8 to 12 wherein the

concentration of methyl acetate in the liquid reaction composition is in the

range 0.5 to 40 wt%. 5 14. A process according to any one of claims 8 to

13 wherein the concentration of water in the liquid reaction composition ycsLLp
in the range | to 20 wt%. 15. A processjaccording to claim 14 wherein the
concentration of water in the liquid reaction composition is in the range Ito

19 wi%, 1R, APIREEREACEOHING IO Slaidints svbereivibe GaneRpt@diomedn of
water in the liquid 10 reaction composition is in the range 2 to 10 wt%. 17.

ROsHoEe8 e dHiih 4oR5 Uty SHRPEF ARS8 1B T8TRhereln 80 PPm-
1:9.ncedw§£ms@faw@mh;ig' ?@l iglgyi81iB diesangd Dol e wikn 1% Areaesson of
according to any one of claims 8 to 17 wherejn the reactive derivative of
N S RS A A R
iadide. 4 prb8e A anasscaccarding tef atyrone of tlaivhsr8italkScufetaintion of
the carbigg){latio is carried out at a temperature in {5926% 100 to 300
P A LIRS TSR SSPIRO TS N 13 44D I/A12V5G: A process
ascordingraanyone dhglairiaighto4lQhwbnain thenprocessidperatea thasliquid
a continuous rocess. 2t eZlaquotceﬁf\%q;ording to any one of claims 8

{5 S U NIRRT HHE L aPys slﬂ/sr%%m is” the catalyst system of any one of

tlaims 3 tedsanddbe dmotntlefnedS promete teddede o thietiqliidateactiore liquid
con}Position IS siuch. that the amount qbiglgug.iodide generated is in the

reaction composition 1s 1n the range
rahige’ s 10 2 Wit &
17. A process according to any one of claims 8 to 16 wherein the concentration of

methyl iodide is in the range 5 to 16 wt%.

18. A process according to any one of claims 8 to 17 wherein the reactive derivative
of methanol is selected from methyl acetate, dimethyl ether and methyl iodide.

19. A process according to any one of claims 8 to 18 wherein the carbonylation is
carried out at a temperature in the range 100 to 300 °C and at a total pressure of 1 x 10°
N/m? to 2 x 107 N/m?.

20. A process according to any one of claims 8 to 19 wherein the process is operated
as a continuous process.

21. A process according to any one of claims 8 to 20 wherein the catalyst system is
the catalyst system of any one of claims 3 to 5 and the amount of co- promoter added
to the liquid reaction composition is such that the amount of ionic iodide generated is in

the range 5 to 20 wt%.



