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HETEROGENEOUS VAPOR PHASE CARBONYLATI ON PROCESS Ref erence to Rel ated
Application This application clains the benefit of U S 5

Provi si onal %Bﬁ%ication No. 60/037,186, filed February 1835
Field of tW@ tion This invention pertains to a novel process
for the 10 production of acetic acid, nethyl acetate or a mixture

t hereof by the carbonylation of nethanol or mnethanol source. More
specifically, this invention pertains to a process wherein a mxture
of methanol or a nethanol sour ce, Tathalide and carbon nonoxi de are
contacted in 15 the vapor phase with a supported cat al yst conpri si ng

i ridiumand at | eag . ! A r gm .

mol ybdenum tungst—’Tﬁgf ] . A o@§g§|ted on a

catal yst support material . The novel process provides a nunber of
advant ages, 'ﬁ@ﬂé’x‘ﬂ:em:o Rémmﬁ?]&é&ﬁibﬁn rates, with respect to.
known processes, mapuf actufe o tlc a |d %gy
acetate or a n1xtuﬂ?%ﬁuﬂﬂﬁﬁlqﬁﬁﬁﬁ?mﬁ%%hﬂF he enef gﬁ of the

I nventiog 25 Prov151dﬂa1H§§§Eﬁéat1¢ﬁeuﬁanabzonareaaf ammed:aC|d from

nmet hanol by cgr%ﬁ, l.at i ééfmerated extensi vely t hr oughout t he
world. A thordf | ewW ‘of ese commer ci al processes and ot her
approaches to acconpl i-shing the formation of acetyls fromsingle 30

carbon source sy Ve det al. in Catal ysis Today, 18
(1993) 325-25 COMmercl a rocesses for ar at |
acetic acid by theThis invantionpep aEJPsnEPhénBI‘w&B'eé:rﬂqp eﬁ?%r med
inthe 10 production of acetic acid, methyl acetate or a mlxture
thereof by the carbonylation of methanol or methanol
source. More specifically, this invention pertains to a
process wherein a mixture of methanol or a methanol
source, a halide and carbon monoxide are contacted in
15 the vapor phase with a supported catalyst comprising
' iridium and at least one second metal selected from
ruthenium, molybdenum, tungsten, palladium, platinum and
rhenium deposited on a catalyst support material. The
novel process provides a number of advantages, including
20 improved production rates, with respect to known
processes for the manufacture of acetic acid, methyl
acetéte or a mixture thereof from methanol.

Background of the Invention
25 Processes for the manufacture of acetic acid from

methanol by carbonylation are operated extensively
throughout the world. A thorough review of these
commercial processes and other approaches to
accomplishing the formation of acetyls from single

30 carbon sources is described by Howard et al. in
Catalysis Today, 18 (1993) 325—-254. All commercial
processes for the preparation of acetic acid by the
carbonylation of methanol presently are performed in the
liquid phase using homogeneous catalyst systems

35 comprising a Group VIII metal and iodine or an iodine—



| i qui d phase usi ng honpbgeneous catal yst systems 35 conprisin a Gou

up
VIl netal 9 iagi ne or an iodine- WD 98/-33759 PCT $98/01835
PCT/U898/dY : - 2- cont ai ni ng
conmpound such as hydrogen iodi de and/ or nmet hyl iodide. Rhodiumis the
nost comon G oup VIII netal catalyst and nmethyl iodide is the nost
conmon pronoter. These reactions are_conducted in the presence 5 of
water to prevent precipitation of the dét%l?st. u. S Pat ent 5, 144, 068
describes the inclusion of lithiumin t he catal yst system which all ows

the use of les fgss bgi um al so is
an actlvggggggﬁ&ng FsF b%u%h S%P ca?ﬁ ation ?%actloigaﬁu? &
normal | y provmeBbYﬂeaoﬂnd# raBQQQLNMEﬂSﬂﬁﬂﬁtWRﬁﬁe°°mm°Bf?€?BB B¥Lthodi um
gag fﬂ)yztz s \Aheﬂﬁ'eaidc%ﬂq&s%t fawm%g;h yl 1o°dlraéh aj's cengi mosvscolimbn Patentd

t eaches t hat t he addi i on r henj u [QV an
stability  Premoksrh t fbese reaghing %Fcfno“g%‘h‘t mée‘gp%‘é| §§? g %%
Eur opeansPat egg ﬁaﬁbtcﬁbl@&éﬂédt'ﬂiécﬁﬁiﬂ&ti&mo@@sthhacatalystuth@hﬁum
osm um r heni zin di tsengst en
- gg& Eﬁd% 1%%,§kﬂyqég%%¥#é% 1&@&&# Gh bf lﬂﬂhlﬁh L

| nprove the r i'qurd phase Ir-1 catalyst
system - €hee caltihyl ystth & visdresy sl %h}myﬂé@l wseppPEciesss vager

presently bei ?LQ %ﬁ%dkh‘lxprh%%{gfer?é&ié ﬁ?éé’s@r OVIf'!?dmm alkel ai wel y high

production rafes and selecti vi g g geneou? .catalysts
of fer the pot agtiixe catalyﬁi/aﬁﬂrad'&tftﬁn%’as?%?b‘b?% BELOBPEALTIORS Ibg%kr
cost 10 ”Hhékh&higoPﬂ%ﬂﬁﬁéﬂﬂﬂéavtléﬁuréﬁeserqwér thdnethos25  hi gher

Lgéezf supporngeFﬁﬁﬁ qﬂﬂ%ﬁ%%ﬁi%ﬁﬁl %@? $§§9 ﬂﬁﬁ%i'g@ﬁég%ise

carbonylat|onsdhm&anﬂudnﬂﬂtlanaiunquS(:Eﬂ#@htlﬁ 5&@ 524 teaghes fhafe in
the presence @f, é&ﬂfﬁ%ﬁﬂ”&¥n¥ﬂgnlﬁﬂ‘ roves thal fAte3and’ stabildal tz
ar |

describes a sim upported rh |un1catal st in |nat|on mnth
T

pronot er s of hetdcithe f @‘?ﬁj&h‘rlﬁ honogeneops Gat a@yg stems.
(currengsgnot atp@idpeahl Patertt ZppLicdaticdn 18P 0 752 406 Al teaches that

ruthenium, osmium, rhenium, zinc, cadmium, mercury,
gallium, indium, or tungsten improve the rate and
stability of the liquid phase Ir-I catalyst system.
Generally, the homogeneous carbonylation processes
20 presently being used to prepare acetic acid provide
relatively high production rates and selectivity.
However, heterogeneous catalysts offer the potential
advantages of easier product separation, lower cost
materials of construction, facile recycle and even
25 = higher rates. -

Schultz, in U.S. Patent 3,689,533, describes the
use of supported rhodium as a heterogeneous catalyst for
the-éarbonylation of alcohols to carboxylic acids in the
vapor phase in the presence of a halide promoter. In

30 U.S. Patent 3,717,670, Schultz describes a similar
supported rhodium catalyst in combination with promoters
selected from Grdups IB, I1iB, IVB, VB, VIB, VIII,
(current notations: 11, 3, 4, 5, 6 and 8-10
respectively) lanthanide and actinide elements of the

35  Pperiodic Table. Uhm, in U.S. Patent 5,488,143,



respectively) |anthani de and actinide elenents of the 35 Peri odi c fable.

Um in US. Patent 5,488, 143, WD 98/ 33759

PCT/ US98/ 01835 _ - 3- descri bes the
use of al k@ig 9g/sahkarl i ne earth or transition netals as [POIVIS98A0ES3SOr
supported rhodi um for t he hal i de- pronot ed, vapor phase nethanol

car bonyl ati on reaction. Pinblett, in U S Patent 5,258,549, teaches 5
that the conbination of rhodi umand nickel on a carbon support is
nmore active than either metal by itself_ 3 — I n addition to the use
of iridiumas a honogeneous al cohol carbonyl ation catal yst, Paulik et
al., in US Patent 3,772,380, describe the use of iridiumon an 10

i nert supportdéScﬁlbétsaHﬂ‘ﬁ use & akpaliphaikalinkogarth or pronoted,

h
Aopl | oot 1 ons. EP5 15 oRs RERMIS A& bREREEREs £or myblbRRER. rRB, sox.
speci al car botbeabalide—pnometied, fvaper nphaser nathanod sarkonyd@tdiamt 15

car bonyl ati on ts r egt P at 759
ooy 21 UeERLRMERLS spmane, 1nTHISORGERLeS) s MaacHLd

Provi si ohal Ab Ptcmeoﬁqmmmm q@er'a?%emaseéemckel oaerat Sarbany a
process for tBapparkody adran £t Be 26han 6iﬁﬁbﬁ| mandllouoyazrcemxﬁ ve

deri vative thereof EP 0,759 419 A a_carb ocess
conprising a flrstI ﬁ&ﬁﬁﬁ%ﬁqcﬁlr%EStg?emﬂ ré#ﬁaiﬁm as’a gﬁ?ﬁgﬁﬁgbdg

car bonyl at ed amcbhenlaanhbqytﬁmnom cabtalyst, pauiekcstoala,hGQDGbﬁbous_ '
catal yst SVSt?H‘t@R‘é 5h %cg ﬁé%&h@ef bSSt:‘.rriﬁ%%Proﬂ ar hen m xed

w th additi e to_a second reactor contalning a
suppor t 8 catap?§F 5“HQ935bﬁEbéhé6ﬁ§a%$§ﬁl§§tt§?syéﬂpr phasg,i halQgem-t he

fi Irst rgafctor pEoHRiiedsS ﬁ&&lag@:ﬁ\eous alé@HBQneatb&ﬁ91at@b@i1®fﬂdés§tet al
el geted 1 omEL o0l M o Kb ] LE5HTbng BEo 2168 5ay” adnend an opt i onal
EP O 461 802 A2 descrlbe the use of special carbons as
supports for single transition metal component
15 carbonylation catalysts. -

European Patent Appllcatlon EP 0O 759 419 A1,
published 26 February 26, 1997, after the filing date of
Provisional Appllcatlon No. 60,037,186 cited above,
pertains to a process for the carbonylatlon of an

20 alcohol and/or a reactive derivative thereof. -
EP 0 759 419 Al discloses a carbonylation process
comprising a first carbonylation reactor wherein an
alcohol is cérbonylated in the liquid phase in the

_ presence of a homogeneous catalyst system and the off

25 gas from this first reactor is then mixed with addition-

' al alcohol and fed to a second reactor containing a

supported catalyst. The homogeneous catalyst systém
utilized in the first reactor comprises a halogen
component and a Group VIII metal selected from rhodium

30 and iridium. When the Group VIII metal is iridium, the
homogeneous catalyst system also may contain an optional
co—promoter selected from the group consisting of
ruthenium, osmium{ rhenium, cadmium, mercury, 2zinc,
-indium and gallium. The supported catalyst employed in

35 the second reactor comprises a Group VIII metal selected



co-pronoter selected fromthe 'group consi sting of rut heni um osnium

rheni um cﬁ& 4ggBr Cury, zinc, i ndi um and gal l'i um The-Hisuidsd
catal yst e 3 n 35 t he second reactor conprises a Goup VIII netal
sel ected WD 98/ 33759

PCT/ US98/ 01835 -4- fromthe group
consisting of iridium rhodi um and ni ckel , and an optional netal
pronoter on a carbon support. The opt4onal netal pronoter may be iron,
ni ckel, Iithium and cobal t. In the pr ocess exerrpl ified 5 in EP O 759 419
A, the conditjons In_the secon

fg_ at| eactordzone are
such that ni xedPp a foup °°T‘Fﬁﬁ &ngh8§e§r x‘fﬂ'e§ 3 second
reactor. The nick@lesandeanfopth.oqaﬂ.dmpltaiepcmmd:ee:nton ra tdarlsarr ond
oo o ut ot eadorho LEREDhAY Abtbl® pRbaker] hay TR itnf/ O L 1E
supported cata I'n bstant decrease
in the activityiekel hellthlu@aﬁﬁﬂy§9ba1t- In thenpnqaessererRbhE i8ds

SEVGral | rﬁﬁolrt% %ptbeﬁyﬁe?l? 21 0f t{xaﬁébtﬁmﬁ?&&ﬁ erﬂll?‘ﬁigioﬂé e ddnd apor
pnase al cono caypnon aloncaa Sts at O I‘ESSUEII’I
P asonte. TR TRPTHLaPLGRaF BRCESTn Eohay 3TA SR ARt TiXes, Yapes 18
catal yst are pibgebdeghagedbarekpeesaht in tnmﬁamﬂ@a:léac'l&my Thé 1988)

421-429. Gel”bx?ésgxlzc exarrpf’ggg pﬁﬁégphom%%%d\iym r?d (1988)

1315- 1320, 20 prow € use ST
cont ai ned in zwq:terasngmnapénlegda ke Jepchinghff the mmw ation of

Tet hanolgd n 1 fge s 28 eppenotnbakigBorted BaeanLA WY Gl &ir@) o D

Journal of Mbl ecul ar ((1979) "431-4 desc,rlbe the use of
it 95 aresufts in) pcauBrtAREiadn JeereRsa T ks RS L Rf e
for rhodi um i rcatelyeti de- pronoted vapor phase car bonyl at i on of

nmet hanol , but theseTﬁ%pgg{ég?g{ﬁ?eAf??&gg%%r %ﬁ({[ g%ff}{hg%ggr bon

Luft et aI , in T 3 n re di scl oSur €es,
descri be the % Iohoqlh@m-a@pnganngagdge@ﬂgme@alal%/ vapor azhmailq@whru ous

support 1 §1s a JRPBSny PatibACBath?YBts at one bar (100 kPa) pressure in
the presence of halide promoters. The lead references
on this type of catalyst are presented by Maneck et al.
in Catalysis Today, 3 (1988), 421—429. Gelin et al., in
Pure & Appl. Chem., Vol 60, No. 8, (1988) 1315-1320,

20 provide examples of the use of rhodium or iridium
contained in zeolite as catalysts for the vapor phase
carbonylation of methanol in the presence of halide
promoter. Krzywicki et al., in Jourmal of Molecular
Catalysis, 6 (1979) 431—440, describe the use of silica,

25 alumina, silica—alumina and titanium dipxide as supports
for rhodium in the halide—promoted vapor phase
carbonylation of methanol, but these supports are
generally not at efficient as carbon. Luft et al., in
U.S. Patent 4,776,987 and in related disclosures,

30 describe the use of chelating ligands chemically
attached to various supports as a means to attach Group
VIII metals to a heterogeneous catalyst for the halide-
promoted vapor phase carbonylation of ethers or esters
to carboxylic anhydrides. Evans et al., in U.S. Patent

35 5,185,462, describe heterogeneous catalysts for halide—



VIIl metals to a heterogeneous catalyst for the halide- pronot ed vapor

phase carbonyl ation of ethers or esters to carboxylic anhydri des.
Evans-et al., in U S Patent 35 5,185, 462, descri be het erogeneous

cat al yst.s fvad obygdrssle- WO 98/ 33759 PCT/US98/01835
PCT/ US98/ 01835 ' pronot ed vapor phase net hanol carbonyl ati on based
on nobl e netals attached to nitrogen or phosphorus |igands

attached to an oxide support. Panster et al., in US. Pat ent

4,845, 163, describe the use of rhodiumcorgaining 5

or ganopol ysi | oxane- ammoni um conpounds as het er ogeneous catal ysts for
the halide-pronoted |iquid phase carbonyl ati on of al cohols. Drago et
al., in U S pavewted vaphr phdFd, methanolecamrbonyd adficmilbasedcdnange

: b Pax o 1 -
Catalysts for AOBIE WeNLUCAMA €6 A1TLBERR i FHddgibifs 51 4andd
hal i de- pr onpt 8§taghesh o PpidessRpRert. Pansferm@&tyrLuppbRtBeSki gands

and ani on exchageat’ ASigas, W3, deschebel theMasesdff thdambi-ébﬁtaﬂnma?al s
in liquid phase Qonyl ati on reactions, in gener t he use of 15

car | |
support e Iig85&?@%%?%¥ﬁ£i?%§&$@ﬁﬁ@°?é§?n§°HP9&“ asé%eEﬁﬁ@ﬁﬁﬁﬁgan t he
vapor phase cealalylstts dormftisn drdadbide—promotedaiddntial ipleasse of t he

carbon 2 2 SUBMAYCIE of o) ASKE TRuROBEY in ug, pobhEE

on activated car as t as a et erogeneous cat &
t he hal i de- pr 4ndildd O7Fpoidescribg sthecusgonfl anion Exqhangecresing

ipcreased rat gended to aﬂiﬁﬁide§o¥ﬁ§noBYQfQ&%@ﬂé§ﬁ%&ﬁﬁkﬁfbﬁhﬁeﬁ&@das
m Xt ur e, R Fﬁégnt references. to the nlgﬁgl-o -carbon cat al yst
b5 b AEN

systenst8re pF 9% ianiemRer 0P FAT nreagkioREs (1987)
895-898 and i dintdudimng dhésdial ydespréfdted carbbifatlidh 362 methanollhe

Shenses Sttt Mifldbkveq 2iohhlsChedl anich ibnilfe (UFThRAy 22
ni ckel -on-  be ofasieme maelfex  immebidizdngametals Urs lixmidtphase
carbonylation reactions, in general, the use of
15 supported ligands and anion exchange resins offer no
advantage in the vapor phase carbonylation of alcohols
compared to the use of the carbon as a support for the
active metal component.
Nickel on activated carbon has been studied as a
20 heterogeneous catalyst for the halide—promoted vapor
phase carbonylation of methanol, and increased rates are
observed when hydrogen is added to the feed mixture.
Relevant references to the nickel-on—-carbon catalyst
systems are provided by Fujimoto et al. In Chémistty
25 Letters (1987) 895-898 and in Journal of Catalysis, 133
(1992) 370-382 and in the references contained therein.
Liu et al., in Ind. Eng. Chem. Res., 33 (1994) 488-492,
report that tin enhances the activity of the nickel-on—
carbon catalyst. Mueller et al., in U.S. Patent
30 4,918,218, disclose the addition of palladium and
optionally copper to supported nickel catalysts for the
halide—promoted carbonylation of methanol. In general
the rates of reaction provided by nickel-based catalysts
~are lower than those provided by the analogous rhodium—
35 based catalysts when operated under similar conditions.



30 4,918, 218, disclose the addition of palladium and optionally

copper to womsssTs®d nickel catal ysts for the hal i de- pr B 9B8/01835

car bonyl ati on of nmethanol. In general the rates of reaction provided
by ni ckel -based catal ysts are |lower than those provided by the

anal ogous rhodi um 35 based catal ysts when operated under simlar

condi ti ons. WD 98/ 33759 - 6 —

PCT/ US98/ 01835 - 6- O her
single netal s supported ‘on carbon have been reported hy Fujinoto et

al. in Catalysis [Qthef ssingle metadgopupported on r%r&qr} AYR BR&BVity in
the halide- report¥ed owftmétahéﬁeagar BenYatE190f pettens) .2 The 5

t t f th t | | 1, d
decr easi ng. addoAty B H8 th Sipe Eimigad activity dn hédafiger, 40
Gﬁ Noge 01;I tﬁmtédlarallscbr\gﬂmase caﬁbbn?la&:b.drly];sifs metharesk | y 'meatct ive ?8
t hose se 0
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A nunbe ave been r.epdrt yze the
car bonyl at | omnﬁemma#mreashnmachewty argd @b ¥ .oMaAnhhal e Cr,

promoter. Gaggs, Qf, de,; W) Ge andJ8H" Nakopl ¥ edsE J@iat ysingle
(1977/78) 1-9, desctibe a catal gst cont aini n%ﬁ d| um atta hed to 15

pol ymer boun@e&ﬂ]y&ﬂﬁ}m?%d?ﬁ?oﬁﬁéﬁ Y P& actdve ose
car bonyl ati ormgf I8} Ndodx ﬂiéreﬂtalthEbEOm preserRatmﬂewpbdmcat ion EP

0 130 Q38 Al, descz{i b"ﬁ’% O%gnggggdc If|d Vi Sin clo%’gfeétsgt‘?pt I onal

nol ybdénum as a he "conversi on of ethers,
20  hydr ogecatmlyze tene mhbdylannonhoﬁowé\@@st@@%ﬁ the

alcohol 5. Smiggulidh of | EnéEURAREAR BRbRbiednP! icetidDrbt a1, B0 596 632
Al , describe the use f denite zeolite cont_ ai nl)(r)\glCu Ni, Ir, Rh,

or Co as cat Aquirat & tqqglecularhgp,tegyﬁzge CarGFAA48 ot 53 - al cohol s.
Feitler, in describe aRaéealyétGazanﬁ&im@hqsmhdmsm hettsehed tertain

it t h
el i delpr ce ERDIRE Frondopoly EsraRasae R Ratenet RS Bt cLiilf,
vapor phase. phasgeearbony]lstiont ofit methanca.21$mpnmesm|mmopgenuse of
llg?' ggxomﬁ al lgle 0 9551 $0at ichCBP20N1AG Bs R4, FesdPibdd thé udk, ofd Or

- sulfided nickel containing optional molybdenum as a
heterogeneous catalyst for the conversion of ethers,

20 hydrogen and carbon monoxide into homologous esters and
alcohols. Smith et al., in European Patent Application
EP 0 596 632 Al, describe the use of mordenite zeolite
containing Cu, Ni, Ir, Rh, or Co as catalysts for the
halide—free carbonylation of alcohols. Feitler, in U.S.

- 25 Patent 4,612,387, describes the use of.certain zeolites

containing no transition metals as catalysts for the
halide—free carbonylation of alcohols and other
compounds in the vapor phase. Wegman, in U.S. Patent
5,218,140, describes the use of polyoxometallate anions

30 containing Fe, Ru, Os, Co, Rh, Ir, Ni, Pd or Pt as
catalysts for the halide—free carbonylation of alcohols
and other compounds in the vapor phase. Although
alcohol carbonylation without the use of halide
promoters is very desirable, none of these halide—free



catal ysts for the halide-free carbonylation of al cohols and ot her

conpounds in the vapor phase. Al though al cohol carbonyl ati on w t hout
t he use of halide pronoters is very desirable, none of these

hal i de-fr : WD 98/ 33759 PCT/US98/01835

PCT/ US98/ 8@%%%33759 -7- cat al yst
systens have rates conparable to those of catal ysts pronoted by

hal i de. Summary of -the.lnvention 5 This invention pertains
to a vapor phase process for the_preparation of acetic acid, nethyl
acetate or m xtures thereof by contacting nethanol vapor with

carbon nonoxide in the presence of a catal yst conprising i ridiumand

at | east onecateQYet Ryt qrdwsl Fa0es I€ompavabai toy thisebadhum
tungsten, pal la%%!l‘f{@téal at i noan%%;%’ rf‘ﬂﬂeéhem um deposited on a catal yst

suppor t mat e %apor phase di stingui shes the

pr esent process fromnost of the prior art pertaining to nmet hanol
carbonyl ati o\ | ¢ Rehd ldi b carried 15 out in the liquid phase
utilizing a a 1 eous) catal yst. The present

i nventi 8n provi deFhpriqieantion pegtains tBrépﬁPBPFoﬁha‘lseaé’é"tqccesfci d,

(m% hy:c- ag?t algdrofthe Prepiration of hseeeicwbbﬁa,c?mhyaeadéﬂﬁ@z of: 20
eedi ng_a gaseous .m xture conprjsi net al .- s .qcarbon
nonoxi de, and® q%é"}%ﬂ"’e‘l{ %Yf%#acggng megﬂgﬂf’&r ivﬁg,orbrwolrﬁhﬁe, i odi ne
and conpoundsarboreaforiaxide in the presehoaybéit aogatadysthiasmprisingit ai ns
a supported ;_.:5s ! OOPL | Si k' g _9 Mt e FtoPNe second
25 netle]ﬁldse‘ﬁec%ne%a%?o%éér% hggrgléu%]éergrgiiygggﬁg:‘mg ;i ung- .o st en,
pal | adil@m prEatheniumd nokvhdenempotipgaten, palladium,; Rlatinuk aRfyort

materi al and ridnivr® depod Béé®lon a catalysHngappeethaatertiam conditions
of tenperatu%%é¥g¥ion in the vapor phase distinguishes the present
précess from most of the prior art pertaining to
methanol carbonylation wherein the reaction is carried
15 ‘out in the liquid phase utilizing a dissolved
(homogeneous)ICatalyst.

The present invention providés a process for the
preparation of acetic acid, methyl acetate or a mixture
thereof which comprises the steps of:

20 (1) feeding a gaseous mixture comprising methanol,
| carbon monoiide, and a halide selected from
chlorine, bromine, iodine and compounds thereof to

a carbonylation zone which (i) contains a supported

catalyst comprising iridium and at least one Second

25 metal selected from ruthenium, molybdehum, tung—-
sten, palladium, platinum and rhenium deposited on

a catalyst support material and (ii) is maintained

under carbonylation conditions of temperature and

pressure; and
30 (2) recovering a gaseous product comprising acetic
acid, methyl acetate or a mixture thereof from the
carbonylation zone. |
our novel heterogeneous process operates entirely in the
gas phase, i.e., none of the compounds or materials
35 present in the carbonylation zone or reactor exists in a



pressure; and 30 (2) recovering a gaseous product Conprisén acetic

aci d, nethybossstsate or a mixture thereof fromthe PCHESIMI%at i on
zone. Qur novel heterogeneous process operates entirely in the

gas phase, i.e., none of the conmpounds or materials 35 present in the
carbonyl ati on zone or reactor exists in a WO 98/ 33759

PCT/ US98/ 01835 ' nmobil e |iquid ghase. Sever al uni que advant ages
are best owed by operating in this node. The follow ng are sonme of
t he advant ages provided by operating with a het er ogeneous catal yst in

the vapor phgsgide QQRRAEPHABES, Qéi%wﬁr@ﬁiz&eoédeanthgeg aeer ci al

i qui d phase ono enous rocess
difficult anEQ§59W%§ éhlsd?°% erbaﬁépf%on1the

IRI qui dI pr?duebme of the aaiuaamqéé rprnmehgoupepaucagsmthle (2)
enoval of t

t at o) f
car bon m)noxP‘&é: r} é’s?é'l'ag;a ng@ B i Ogégr ﬁwhwﬁe ﬁspose arﬁdl ?élomate
cei l i ngSon tlthe operatlorac;m exisbingtecenperehal) i ddAyigh Rh@Seonngeneous
process. AvoinUrdgeHrls Tidcdddadation allows 15 greatly enhanced

react t to b h d 3
Cpor at i on at @i ImNgat et e AHHFIEHAE BR. costly’seRfization oic)
cost materials inqgd adtalysst materials frohnthddiligudd pmm&mcbontalnlng
materials are |esg %q%?(lrfég%\ﬁ%+5§+gg°¥§psgoggg§gspernitting the

possi bl e use Conpared to the
maj or i Y of mz)or Itantqval of tmGer:o@mebmrpa'g@easegmmsa@ MYemASS under

condi ti ons :}j@fr@@fﬂ@ﬁtﬁoﬂaﬁmé Eh@éu%h% HeRrdyiaaent as 25
l'iquids, the process of t he present i nvent i, on ggﬁﬁgilng entirely

in the vapor phasdediymiwhiey RR§g-an ultl?‘??? &F%Q&I’“ﬁt Saching from
the catal yst supp@dhievable wdted DRcthé Liguha phase hdfomorparesmis

processes process. Avoiding such rate limitation allows

15 greatly enhanced reaction rates to be achieved in

~gas phase operation. |
(3) Operation at a much lower pressure, permitting the

use of lower cost materials in plant construction.
In addition, iodine-~containing materials are less

20 . corrosive in the vapor phase permitting the possible use
of lower cost metallurgies.

Compared to the majority of prior art,
heterogeneous processes which operate under conditions
in which the reactants and-or products are present as

25 liquids, the process of the present invention, by
operating entirely in the vapor phase, eliminates cata-
lyst dissolution (leaching from the catalyst support),
which occurs in the known heterogeneous processes

_ operating in the presence of liquid components.

30 Furthermore, the known operations in the presence of
liquids are subject to the same problems associated with
mass transfer of CO into a ligquid reaction medium and
the same upper limits associated with the homogeneous
processes are observed. The process of the present

35 invention provides faster rates and at lower pressures



operating in the presence of liquid conponents. 30 Furthernore, the known

operations in the presence of i quids are subject to the sane

probl enms associated with mass transfer of COinto a liquid reaction
medi um andwo 98/337d9he sane upper linits associated with the hBGBESHUMAFES
processes are observed. The process of the present 35 I nvention prOV|des
faster rates and at |ower pressures WO 98/ 33759
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consequence of operating with a very active catal yst in the vapor
phase. Lastly, when conpared to t he *known, rhodi um cat-al yzed, vapor
phase processes, whi ch represent the best operation known to date,

the 5  catglysgt Tc'é?%%dg.{e R Cma@% faefﬁgswaéhcgn%s}ge%%w ess

expensi ve, yet per scrlptlon of the
| nventi on catalystria dhenl¥apor ophane. prbastdyoef when compariesh tro

conprises a nthbukﬁcﬂzfn I rﬁ%ﬂﬂﬁ%@éli{ﬁé&" | oieﬁﬁage rocé&te@ sel ected

fromrutheniu bdenun1 t atlnun1and rheni um
deposi ted on nh gga% q@ﬂbﬂﬂ?§tn%?EF?§F°nE§BRﬂPe§ atsvetiie) |y
useful 5 eappdyshmusedeﬂn;oumﬂmmhetapboaessd1§heonsude&am1yﬁre§i 15

oxi des of si I q.%m g}g@ ;}ﬂ r%gnéug}’mggrablﬁhggv\: anl um The

preferred suppo t At eri ect r om de variety of
carbon, activated carbon, and ' silicon oxide sources avail abl e

connercially.pggbgg t3fon of ¢ AW i&h Material s containing oxi des of
al um num are 20 east ally the .catal yst is
prepared by E; %géﬂXﬁﬁmf?ﬁn?Eﬁepﬁﬁﬁﬁﬁﬁnﬁg the Anyentiong t he

second h@tal ¢ompridsalssh mixturppOpirddiunoandnat least ok e@ddnd ng the
solution of ShegadlLeteldtdd )¢, 4P RRIEn &R un, BbTybabnub?) thg4tn,

evaporating t ol vent;
palladlum, platlnum and rhenium deposited on a catalyst

' support material. Examples of potentially useful
support materials include carbon and the oxides or mixed
15 oxides of silicon, aluminum, zinc, zirconium, or
titanium. The preferred support materials are selected
from the wide variety of carbon, activated carbon, and
silicon oxide sources available commercially. Oxides of
| alumlnum, or materials contalnlng oxides of alumlnum are
20 least preferred.
' - Typically, the catalyst is prepared by
(1) dissolving soluble compounds of iridium and the
second metal (or metals) in an appropriate solvent;
(2) combining the solution of step (1) with the support .
25 material; (3) slowly evaporating the solvent; and,
optionally, (4) heating the dried catalyst from step (3)
at elevated temperature in a stream of inert gas or in a
vacuum. Variations in this method of catalyst
preparation are well known to those skilled in the art
30 and may be used.

The compound or form of iridium used to prepare the
catalyst generally is not critical, and the catalyst may
be prepared from any of a wide variety of iridium
containing compounds. Indeed, iridium compounds

35 containing myriad combinations of halide, trivalent



optionally, (4) heating the dried catal yst from step (3) _ _at el evat ed

t enper at urwoios/33759t ream of inert gas or in a vacuum \PEHUPBEIRSS; |
this method of catal yst preparation are well known to those ski.lled
in the art 30 and may be used. - The conpound or form of

i ridiumused to prepare the catal yst generally .is not critical, and
the catal yst may be prepared franggy—of a wide variety of iri d| um
cont ai ni ng conpounds. | ndeed, iridium conpounds 35 containing nyriad
conmbi nations of halide, tri val ent WD 98/ 33759

PCT/ US98/ 0183:'51trogen, organic compounds of trivaléfit- phosphorwousnogen,

organi ¢ conpounds of triy ent, phos hor ous B Xi rogen,
and 2, 4- pent SREAVhIONG% hﬁ? The A ¢ R%l naglggggagt’egg\?a%bl e
commrer ci al | y alimhe or Im)pdwoJ.mnom, tdme pavailablencommereiadidy pnds

utilized 5 the F%hﬁ Neathtvexcdeat iafized
i ridium may beq’usﬂekd d| ss ?‘%é et%g%?ggrf'gtgeca Yme | uml lazseed on
their awai | adint ithe men%rkmmrgwon- 34]] %ﬁﬁ‘-ﬁ-?nv nthet 8?‘1(iﬁ?e°§r eferred

Sﬁ: Ve”g medi ‘i@ldﬂﬁtﬁ may tlﬂé Gﬁ@%de?fz&%lé§6§v@a ifi dhgﬁappropttmfte t

chl orides, such as rated trig an y ari ous

salts of hex&lﬂﬁ’d’r’%ﬁ rﬁﬁ;ﬁ%‘f "?g tRELE RV %}?ﬁgiiﬁﬁydl ﬁ%glg gBFr or| de or

t he hexachol aliubilbitey cnprates shmalpreferrbé so&w&n&bmdamm)hé’—l'@am s of

cost, sol ubild é’feﬁ@q ouré?géfgfm jd one ofl &%MQOﬂlla‘:‘eé‘O”pound or
et ar conpoun useﬁ

formof t he ?con prepare the catal yst
generalloy i s sush as th@rhy¢mteda1m1¢héoxga@al ?§E’ g€ Fhep ¥FdEQRs ng any

of a Wéﬁﬁ’é‘réftﬂeﬂcﬁMSi@ﬂéaEQ@i% ni nﬂséubhe@iltmr iridium
nol ybdenum tungst.en, ‘ggl | adi um_platjn enium A.20 w.de vari ety

of conpounds tHIFHRELAS SR ERE RA¥aFhP 8r°1rlga5§r complexss £A9

hal i des, acethd esompardldle€son the basisabgntositt,r sgdmbididani (ambrrpounds of
trival ent p&g& QL ous;. car bon ronoxi de, hydrogen, and 2, 4-pentane- -
di one, eitheP&ione of Th conbi nat i on, are avail able 25 conmerci al ly and
may be ifsed in t hebikewhses i theorompeund or £9ral ¢5t the secand metak

present invenddgfbund used to prepare the catalyst generally is not
critical, and the catalyst may be prepared using any of
a wide variety of compounds containing ruthenium,
molybdenum, tungsten, palladium', platinum or rhenium. A
20 wide variety of compounds of these elements containing
various combinations of halides, acetates, nitrates,

trivalent nitrogen, organic compounds of trivalent
phosphorous, carbon monoxide, hydrogen, and 2,4-pentane—
dione, either alone or in combination, are available

25 commercially and may be used in the preparation of the
catalysts utilized in the present invention. 1In
addition, the oxides of these materials may be used if
dissolved in the appropriate medium. However, the
compound used to provide the second metal preferably is

30 a water soluble form of the metal(s). Based on their
availability and cost, the preferred sources are the
various acetates, nitrates, and halides of the second
metals. The most preferred source among. these salts
would be dictated by its solubility (preferably water

35  solubility) which can vary widely across this list of



addi tion, the oxides of these materials may be used if di ssolved in
the appropriate nmedium However, the conpound used to provide the
second netal preferably is 30 a water soluble formof the netal (s).
Based on tweias/33759 availability and cost, the preferred soRGHRASIBOEEShHe

various acetates, nitrates, and halides of the second metal s. The
nost preferred source anong these salts woul d be dictated by its
solubility (preferably water 35 solubility) which can vary w dely across
this list of WD 98/ 33759 _ 11 -
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second conponents. For exanple, for the nobst preferred second

promot ers (RusrhiPBeddita "@bmpsfieAts. Ford¥Qimple, aFal| ehkemoBe quite

sol ubl e. The contept of iridium.,and t econd co nent 5
oresent on t RESEATHER (Rocond BremEters, (Rl Bl foe halldes ars o 1/ om
0.01 to 10 wgertdrgkyraavaibabrachndetmite solublmwever, the preferred

catal ysts contain i gbt sz a3 I f c The
second net al corrp(#e%té&@e%oggt ﬁglgé'fléqo%snf(é:%}}él)lsl z%%b?negﬁggg‘rme‘stent
i nventi 8n 10 premasfterem| the scatabystencen Wb srima whdesuppoeyefor

carbonyl ati OR,Gaf & Skrord 1 2E8 RN WelYhd pericie £6F each me®ERr.ise (i)
i ridiumand rutheni umqr ) _iridi.um an | ybdenum depgsited._on a

(i o,
catal yst suppfMe¥Riierthg Prgfer§§?e8?§&' ST &F fnagt?ngea ¥EE8Y and
silicon 15 peroae Wereachtdemponentm aThe Hduvondimetad compbnente

0.1 to 2 wei erc : e | ofs .t C . . Al t hough
t he net hanol uti |%x§?¥?§$?é£p?§§%gggd in E%%éﬁf%ggérf%ﬁvggt%gPhanol,it
can bel8uppl ipefierabky is rwthendumgoromelyhdennms fEher subpportedh

generate 20 oo Py t{&RCEaPh1ysERA R @ré%@?@@iﬂfigoﬁrﬁfferred

materials include (i) nethyl acetate and water and ... (L1) dinethyl ether
and water. [GPRRFELRfelhl i Bhidtupyand ruthepdam o of il hetFyfid@ealde and
di net hyl et hefolafienum deépoSiitetit bnnal lbatAacitorswpsortnhasarialhyl
acetate 1S gojectea from carbon, activated carbon, and silicon
15 oxide wherein the iridium and ruthenium each constitute
0.1 to 2 weight percent of the weight of the catalyst.
Although the methanol utilized in the process
normally is fed as methanol, it can be supplied in the
form of a combination of materials which generate
20 methanol reactant. Ekamples of such combination of
materials include (i) methyl acetaté,énd water and
(ii) dimethyl ether and water. In the operation of the
process, both methyl acetate and dimethyl ether are
formed within the reactor and, unless methyl acetate is
25 the desired product, they are recycled with water to the
reactor where they are later consumed to form acetic
acid.
Although the presence of water in the gaseous feed
mixture is not essential when using methanol, the
30 presence of some water is desirable to suppress
formation of methyl acetate and- or dimethyl ether. .When
using methanol to generate acetic acid, the molar ratio
of water to methanol can be 0:1 to 10:1, but preferably
_ is in the range of 0.01:1 to 1:1. When using an
35 alternative source of methanol such as methyl acetate or



25 the desired product, they are recycled with water to the react or
wher e t hewo o8ra3789at er consuned to form acetic aci d. PC'I"Usmmls)!\?t hough
the presence of water in the gaseous feed m xture is not essenti al
when usi ng net hanol ," the 30 presence of sonme water is desirable to
suppress formati on of nethyl acetate andor dinmethyl ether. Wen
usi ng nmethanol to generate acetic acid,1ghe nolar ratio of water to
met hanol can be 0:1 to 10:1, but preferably is in.the range of 0.01:1
to 1:1. Wen using an 35 ° alternative source of nethanol such as nethyl
acet ate or dimethyl\etd@gm378ee amount of water fed usually is

PCT/ US98/ 0183@reased to account foT the mole of,Wa%gr'reqyired‘ﬁdEEthy.
et her, the ampunt of, water fed usuall i ncreased to account for

the nol e ofh%ﬂF@#ﬁﬁ&ﬁnQQHFH%wmethan°¥yéiBP¥§F§iUF-thghﬂﬁﬂﬁﬂﬁﬂ' when

al ternati veusihgr efidifor Wetthyl acetst&0ofi 8ifetAplhethesst aihe aold net hyl
et her, _the nole tio .of ter to e [ in th f

Se T er or ether is range o
1115 (bat40; Of Hater g ST OF EEPERASo AN The Fane GF, 1T e
prepar at i ontof 18cdt,i bulripkefieralslypinrthe rhage of 1:dordw 3atl.onsof

met hanol , y / | yL s s .ethe i nt,
_provi ded tﬂghg beS%?%??ﬁgﬂﬁﬁ%tg%fgﬁg gcﬁgfe%tiéga§8§%ﬁfgﬂﬁ§%?%$yze t he
ether or esf®@ ations pHinefchanel repathyl eskerangndsor dimeth¥en the

D et an et Al RAUIVHLETD Prbvided LREBbEop e o

adde n | , € cCones e preferred feedstqck. Further,

when TBt hangg%fgy is iarsae‘{fs%ot%é‘Y‘ﬁ’é"fi%ﬂsEBEkeghth@rp a'%i%n of net hyl

acet ate, it prevideetisy mathamodveeaatant. However, the primary

utility of the p sent | 30 IS, manuf act ur e
W S ﬁﬁhgc%gsgg obgi(g?%lriegf) & C 8 ut‘%e Ll’dc?aar

of acetic acid. e ous™ m X onyl ati on

zone 20 arsegatent Aimyaten| shieutdnpenaddedepad ddmethvilc igtdieme,
brom ne, i ogebemead tHAIEEE-FEET £8EastBEKD eFRFtAer, wherddtdfanol

COTPOREN > 3L w2 ol ASASELAE o8 O SrommrntS W L S Biher e
car bonyl at | apetatdi,t iidnSishfnecessary to remove water. However, the
primary utility of the process of the present invention
is in the manufacture of acetic acid.
The gaseous mixture fed to the carbonylation zone
20 also contains a halide component selected from chlorine,
bromine, iodine and compounds thereof. The preferred
halide cbmponents are Selected,from bromine, bromine
compounds and, especially, iodine and iocdine compounds
which are gaseous under the carbonylation conditions of
25 temperature and pressure. The halide components may be
fed in various forms although the preferred forms are as
an alkyl halide, especially as methyl halide, the
hydrogen halide, or as the molecular halide, i.e., I,,
Br,, or Cl,. The molar ratio of methanol (or methanol
30 equivalents) to halide or halide compound may vary -
substantially but typically is in the range of 1:1 to
10,000:1, with the preferred range being between $:1 and
1000:1. |
The carbon monoxide may be fed to the carbonylation
35 zone either as purified carbon monoxide or as a mixture



25  tenperature and pressure. The halide conponents nmay be fed in

various forms although the preferred forns are as an al kyl hal i de,
especially as methyl halide, the hydrogen halide, or as the nol ecul ar
hal i de, i .wo0,98i38m50r ], Brierr], or C[err]. The nol ar rRBCTASSS/01835

met hanol (or nethanol 30 equi valents) to halide or halide conmpound may
vary substantially but typically is in the range of 1:1 to

10,000:1, with the preferred range being between 5:1 and 1000: 1.

The carbon nonoxide may be fed to the cagbonylation 35 zone either as
purified carbon nonoxide or as a m xture WD 98/ 33759

PCT/ US98/ 01835 - 13 - of hydrogen
and carbon mypophdodid W%é’rﬁﬂﬁ'ﬁonoxldﬁuanhﬂthoﬁbm)ﬂjrm nmay be -
useful in nalntalnlng opti mal catalyst %H§IVIt CQO. hydr ogen

vol une n$d tyf @fghj\’ egeR BIYsbe;|ge jr%om de 5 to

hydr ogen, th@gmmmﬁmuaatélyyﬂr@@eﬂv1ty,beLgevedotbyﬁtogen wflwmey m nor

| mport ance. us, Y, o} I o0 be
usef ul . Hovvef@r ]'Qﬁt °g1 ﬁ Ogregtéefééﬁiﬁgh Ehegi%(a% gt %(?s %lr_?&?%a ﬁ°’§‘r§§ﬂ?ﬁ t he
range 5 oftogganqg@'l,l tll@ presence'rqﬁ préregenof %l@l%ﬁ/ﬁﬁl%ﬂ be

operated in tJ3 on1 gﬁge tthggor@o h&d@ﬁg&ﬁ(xﬁtiﬁs of
t enper at ures a ove t g0|nt of the prgﬂyctﬁptxture , the
tenperature HOGHA &Pc%ﬁdﬁns%ﬂo egR LPsbe We Fee ‘t‘rﬁ% dew poi nt

is a conpl ex grereheasa ofo thyditogen Lbatiokpadrimalllyr larenirh ths peangeo

non- condensaMgaégwe sqfhb as unreacted carbon nonoxi de, hydrogen, or
i nert dil uent® toduct conposition, and pressure, the process
my 10 still bermsp@m@elssvef thikdénvengd oo %mﬁtﬁésm the

provi ded thevt ractllﬁﬁégé Eﬁ&eegﬁeigfogﬁw RS P&a@tﬂd& Xdx tempepdttures

ef fluent. thi s’ generall é di cta a tepperature range
of 100 to 35@{1&% the,j dew  BALBF 4Pf the Product mixtupes. Hreqs50
275[ err] C beivumperdtwre aat ywhiehubondensation occurs. However,

since the dew point is a complex function of dilution
15 (particularly with respect to non—condensable gases such
' as unreacted carbon monoxide, hydrogen, or inert diluent
gas), product composition, and pressure, the process may
still be operated over a wide range of temperatures,
provided the temperature exceeds the dew point of the

20 product effluent. In practice, this generally dictates
a temperatﬁre range of 100 to 350°C, with temperatures
'in the range of 150 to 275°C being particularly useful.

As with temperature, the useful pressure range is
limited by the dew p01nt of the product mixture.

25 However, provided that the reaction is operated at a
temperature sufficient to prevent liquefaction of the
product effluent, a wide range of pressures may be used
e.g., pressures in the range of 0.1 to 100_bars absolute
(bara) (10 to 10,000 kPa). The process preferably is

30 carried out at a pressure in the range of 1 to 50 bara
(100 to 5,000 kPa), most preferably, 3 to 30 bara (300
to 3,000 kPa).



As with teﬁgrgs}%#rag; the useful pressure range is Iimtp&,gé%s?dli@ssdew

poi nt of t Ct m xture. 25 However, provided that the re on is
operated at a tenperature sufficient to prevent |iquefaction of the
product effluent, a w de range of pressures nmay be used, e.g.,
pressures in the range of 0.1 to 100 bars absolute (bara) (10 to

10, 000 kPa). The process preferably is 3014 —carried out at a pressure in
the range of 1 to 50 bara (100 to 5,000 kPa), nost preferably, 3 to
30 bara (300 to 3,000 kPa). " WD 98/ 33759
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The process of theTieepaicass oo i Une gprlesbnt invenddiom ywaid the | i zed in

PREPARAT] ON OF- CATACYRratitized ] OAR PrifghRc ke b (D B0

trichlori de hjdrustreted Pynphefrllowing eranpd®@stri chl ori de hydrate

(275.7 ng) were dissolved 10 in deionized water (30 nL). This mxture
was added to 12 X 40 me activated carhon _granules (20.0 g) having a
BET surface area in excess ofm%m an

evapor ati ng dCAFALYVIST BEXAMBIE vihs heated on the steam bath with

occasional stirrin ] i . flQu d n transferred
to a quartz tube ngggﬁﬁ#gﬁpéﬁ%té%%ﬁYégatSy (fgwm%gg@era%_amter. The
quartz tube ruthepimmityighloride dydrvates (g@F78:ddma) yexe clissained

el ectrigot ubejhupedenised Raltde b ] ¢ WeRikOG3LRMYd was addd® to
approxi mate center of thE 68(15'=Cm l*??né heated zone qof 2 furnace.
[ t

t he
Ni trogen (100%ét #nd&r & R Gpxbon grapules {20-0 s Raynhdus! y
passed t hr ougBETheurfiazley sirea in dedesandft Boot mBeguwesniteadined firpamnbi ent

eoer sture Qyaporasall MG 0%ffe piybite, B Macl btlodP el o
The catal yst bptpawddh padssionahestixningyyntijl it became free

15 flowing and then transferred to a quartz tube measuring
106 cm long by 25 mm outer diameter. The guartz tube
containing the mixture was placed in a three—element
electric tube furnéce so that the mixture was located in
the approximate center of the 61 cm long heated zone of

20 the furnace. Nitrogen (100 standard cubic centimeters
per minute) was continuously passed through the catalyst
bed, and the tube was heated from ambient temperature to
300°C over a 2 hour period, held at 300°C for 2 hours
and then allowed to cool back to ambient temperature.

25 The catalyst prepared in this manner (Catalyst I)
contained 1.00 weight percent Ir and 0.49 weight percent
Ru and had a density of 0.57 g per mL.

The preceding procedure was repeated three times:.

first, to prepare a catalyst containing only iridium as

30 the active metal (Comparative Catalyst C-I); second, to
prepare a catalyst containing only ruthenium
(Comparative Catalyst C-II); and third, by substituting
303.5 mg (1.166 mmol) of rhodium trichloride trihydrate
for the iridium trichloride hydrate, to prepare a



contained 1. 00 wei ght percent Ir and 0.49 wei ght percent Ru and had a

density of 0.57 g per nL. The precedi ng procedure was repeated
three tines: - first, to prepare a catalyst containing only iridium as
30 t he wejdgy7eet al (Conparative Catalyst C-1); second, t®BCTI/USISNON8BEpare .
a catal yst containing only ruthenium (Conparative Catalyst C11); and
third, by substituting 303.5 ng (1.166 mol) of rhodiumtrichloride-
trihydrate for the iridiumtrichloride hydrate, to prepare a

WD 98/ 33759 _ - 15 - PCT/ US98/ 01835

- 15 - ' catal yst containing rhodi um and rut heni um (Conparative
Catalyst C111). CATALYST EXAMPLE 2 5 The procedure

descri bed i n éaxbapystlcontainingt ethodium and apitidmiur OfCImpyrati¥é6 nmol )
of palladiumghloyi,dg c.yrryWes substituted for the rutheniumtrichloride
hydrate to obtain a catalyst (Catalyst I1) which contained 1.00

wei ght percent Ir and 0.49 wei ght percent Pd .and had a 10 density of
0.57 g per mcaTALYST EXAMPRE® procedure of Catal yst Exanple 2 was repeated

tw ce: ce, to pregpare_a catal yst containing onl al | adi u s the
active retal (Cbnp§$5t958°E§P5 scribeq: j ?x%ﬁkﬂ%e%dﬁg§ Bﬁpﬁﬁgé ituting
303.5 ny (1. l&bcepdbl ¥hak 20607 myodilumds inmb Dy i o pallydiahechdoride
iridium i i dEate 4.t0 .gﬂg( ; LI
r hodi um and p%%% aé?%gn{:%'ggﬁ'%ér gt% 1|':""ve":heatxg{ys %—'IE)&&&Y‘?}J'?%Q?%{IJ‘QE%NPLE
3 20 gieapnoaeaatalissc(iCoda iveteddiplwhicheasontpineddl. 00  except
that 312.7 méﬂ?ﬁé%mbhw&rawmm dfifaifercent PAIERE HaqVas
substlt%}ed féw. he rutheniumtrichlqride . :

1 ensity of 0.57 g per mL.

The procedure of Catalyst Example 2 was repeated

twice: once, to prepare a catalyst containing only

palladium as the active metal (COmparative Catalyst

C-IV); and second, by substituting 303.5 mg (1.166 mmol)
15 of rhodium trichloride trihydrate for the iridium

trichloride hydrate, to prepare a catalyst containing

rhodium and palladium (Comparative Catalyst c-V).

CATALYST EXAMPLE 3 .

20 The procedure described in Example 1 was repeated
except that 312.7 mg (1.166 mmol) of ammonium perrhenate
(NH,;ReO,) was substituted for the ruthenium trichloride
hydrate to obtain a catalyét (Catalyst III) which
contained 1.00 weight percent Ir and 0.49 weight percent

25 Re and had a density of 0.57 g per nL.

CATALYST EXAMPLE 4
The procedure described in Example 1 was repeated
except that 20 g of silica gel (Davison Chenical ‘
30 Company, Baltimore, Md, Grade 57, mesh 8) was
substituted for carbon during catalyst preparation to
produce a catalyst comprising 1.00 weight percent Ir and
0.49 weight percent Ru on silica (Catalyst 1IV).



hydrate to obtain a catal yst (Catal yst III) mhlch contgy 184%
wei ght perWe®sB315%and 0. 49 wei ght percent 25 Re and had gﬁggﬁg?%§ of

0.57 g per nL. CATALYST EXAMPLE 4 The procedure
described in Exanple 1 was repeated except that 20 g of silica gel
(Davi son Chem cal 30 Conpany, Baltinore, MI, G ade 57, nesh 8) was
substituted for carbon during catal yst_ p?gparatlon to produce a -
catal yst conprising 1.00 wei ght percent and 0. 49 wei ght percent Ru
on silica (Catalyst V). - WD 98/ 33759

PCT/ US98/ 018 HaTPALYST EXAMPLE S - 16 - CATALYST
EXAMPLE 5 Iﬁ c%;ﬁ.leaure described in Ex 1 was Fgﬁ%)eat ed
except that 331. 06y R¥P TolesFr 1hagstBnFXamP Phey %&fhgst en
oxi de [ (NH entdegterttal 331 Gerid) (1o166emmdd) o\ﬂatun@sterﬂulmﬁltut ed for
the rutheniumtric r dra tgn,a ly Cat al yst V)
whi ch cont ai r?éﬂ“?%‘g‘? ﬂungsh%'%r? ‘%1’? ‘%%r[:éﬁ?‘ﬂﬁ dli (?3ilt 81 g%’ttas(percent
t ungst erd on substidmteditor datmomthenﬂum tdﬁmvsidexmnaﬁ to
The pr ocedur Syfk e d tad hat 205. 85

&o&rﬁ?ma} edn rft’f {@éé‘aiy&‘é m\% RAILH con airfetf 9Plod

9%

ng (1.166 nmol ni um nol ybdenum oxi de [

(NH[err]) [emmmﬁnﬁrﬁ andkrP3 oyeddbt Perce@@béftqft‘i[ﬁfeﬁpf% t he
rut heni um trigdd ordek hoxkwsgre. to 15 obtain a catal yst (Catal yst VI)

whi ch contai ned 1.05 wei ght percent Ir and 0.52 wei ght percent
nmol ybdenum on activated carbon. COMPARATI VE CATALYST EXAMPLE
C-6 2010 CATRIN S® EXAMPLE d9e:scri bed in Exanple 1 was repeated

except that 1.153 qhd 4obediid)adicFibedl ¥ 2%ahd1e 1 was repeated
except that 205.85'mg (1.166 mmol of molybdenum) of
ammonium molybdenum oxide [ (NH,)¢M0,0,,)°5 H,0] was
substituted for the ruthenium trichloride hydrate to
15 obtain a catalyst (Catalyst VI) which contained 1.05
weight percent Ir and 0.52 weight percent molybdenum on
activated carbon. |

CO TIVE CATALYST E LE C—6
20 The procedure described in Example 1 was fepeated
except that 1.153 g (4.665 mmol) of chromium acetate
monohydrate was subétituted_for the ruthenium
trichloride hydrate to obtain a catalyst (Comparative
Catalyst C-VI) which contained 1.09 weight percent Ir
25 and 0.29 weight percent chromium on activated carbon.

COMPARATIVE CATALYST EXAMPLE C-7
The procedure described in Example 1 was repeated
except that 2920.4 ng (1.166 mmol) of cobalt acetate
30 tetrahydrate was substituted for the ruthenium
trichloride hydrate to obtain a catalyst (Comparative
Catalyst C—VII) which contained 1.08 weight percent Ir
and 0.33 weight percent cobalt on activated carbon.



nonohydrate was substituted for the ruthenium trichloride hydrate to

obtain a catal yst (Conparative - Catalyst CGVI) which contained 1.09
wei ght percent Ir 25 and 0.29 wei ght percent chrom umon activated
carbon.  wo 98/33768VPARATI VE CATALYST EXAMPLE C- 7 POE/USHS/IOIB3SIT ©
described in Exanple 1 was repeated except that 290.4 ng (1.166 mmol)
of cobalt acetate 30 tetrahydrate was substituted for the ruthenium -
trichloride hydrate to obtain a catal yst (Conparative Catalyst CVII)
whi ch contained 1.08 wei ght percent Ir and 0. 33 wei ght percent cobalt
on activated carbon. WO 98/ 33359 — -

PCT/ US98/ 01835 - - 17 -

COMPARATI VE < e procedure described in
Exanple 1 vva% Yo s -216 my (1.166 mmol) of ferrous
chloride wasThey proceduref descird bedt HaniExanplehl owaderbpdated to 5

obtain a cat alxdpd HDR 26é Ve (RGal¥Sh 6% YindY) 8¢ SFerrous. Eﬂ?BgElQSd 1.09
wei ght percent Ir and 0. 32 melght ercent . iron on activaled Carbon.
CARBONYLATI OY3&F %%ﬁ%mdt% for therguthepdum txighleride Bydwase £0800
tob_950 Bn  obtaill.s ath;I?Tt ncbbllnpaﬁ'h;ﬂl_:ﬁﬁe!)fc&é@é@ ¢lotrr p%h}éhﬁﬁet e[)

t ubi ng constr, 0 S 0 QY. - er porti of the tube
constituted tﬁé?%ﬁ'erhéeda{? hér% Y%}algﬁ oﬁgrcen% %"pfgra&ﬁ'lyq T NG ﬁﬂegeﬁﬁﬁeﬁ wer e
assenbl ed by ineean raptibvated goarbenwool pad 410 nmfromthe top of the

reactor to act as support for the catalyst, followed sequentially
by (1) a 0.7 g bed of fine quartz ChiES 5840 m crons), (2) 0.5 g of
one of the catal ysts prepare OF METHANOL

10 The reactor system consisted of a 800 to 950 mm

(31.5 and 37 inch) section of 6.35 mm (% inch) diameter
tubing constructed of Hastelloy alloy. The upper
portion of the tube constituted the preheat and reaction
(carbonylation) zones which were aséembled by inserting
15 a quartz wool pad 410 mm from the top of the reactor to
act as support for the catalyst, followed sequentially
by (1) a 0.7 g bed of finhe quartz chips (840 microns),
(2) 0.5 g of one of the catalysts prepared as described
in the preceding examples, and (3) an additional 6 g of
20 fine quartz chips. The top of the tube was attached to
' an inlet manifold for introducing liquid and gaseous
feeds. -

The six g of fine gquartz chips acted as a heat
exchange surface to vaporize the liquid feeds. Care was

25 taken not to allow any liquid feeds to contact the

' catalyst bed at any time, including assembly, start—up,
operation, and shutdown. The remaining lower length of
tubing (product recovery section) consisted of a vortex
cooler which varied in length depending on the original

30 length of tubing employed and was maintained at
approximately 0-5°C during operation.

The gases were fed using Brooks flow coﬁtrollers
and liquids were fed using a high performance liquid
chromatography pump. The gaseous products leaving the

- 35 reaction zone were condensed uSihg a vortex cooler



I n the precedi ng exanpl es, and (3) an addltlonal 6 g of 20 é’llf?ﬁsgulf?fstz
or

chips. THYO¥E TP the tube was attached to an inl et

i ntroducing liquid and gaseous f eeds. The six g of fine
quartz chips acted as a heat exchange surface to vaporize the liquid
feeds. Care was 25 taken not to allow any liquid feeds to contact the
catal yst bed at any tinme, including asse&Bly, start-up, operation, and
shut down. The renmi ning | ower |ength of t ubi ng (product recovery
section) consisted of a vortex cool er which varied in | ength dependi ng-

on the origi MReALing cakt 5 Ct ubThg PrPRBgEdreservednTMas: & ekt
appr oxi mat el )pﬂséé&rd&ﬁxélﬂféaﬂ Pi?Sﬂ'na{:hQnreactor sy st‘éhl\e 089S ﬁﬁs‘é‘{féﬂ

usi ng Brooks fl ow Cont I.ds Were usin

per for mance [Y3ftiRpLM a“&ﬂ&o‘r‘rﬁ%ﬂ‘ér%pﬂ?‘ibﬁ#ﬁd *ﬁée@&?@oﬁ?"&r é{%l“l%aw ng

th/e 35 reaan drhao:met]zet%t@édﬁﬂSEﬁeuseaetarVQy/kﬁ?gg\glﬁgﬂfelthe WO
98/ 3375
a8 tempersturs of the Zeption,BeRkiicMaP. BALBRINRE BN

pl aced domnsthmng orapé con ctise oputsidenvf Thbepreastvion systema.s _
mai nt ai ned usi ng FdBs hg egf%&fﬁ&gncﬂﬂﬁreérﬁahvﬁtcwoxlde L geoutlet side

of the reactor stem and t he erature of reactlon secti on was
mai nt ai ned us ftor vas Corpgnead cwhhlenpasntaindngr thee reastoromtsyast em

\I/:\,ﬁeldl ng ofthw&mﬁmbcﬁb@ﬂotmn@ﬁdds i:?e*sbﬁre of 1'7?@‘23%%&’\@?5@%”(39(1
ile nt ai of a 0 and .a pressure
of 17. ara% 1%’97£€81?%a{1 ﬁﬁekﬁ?‘." rq: ?o&yﬁﬂageb‘f wﬁfdrst?drer?p%s set
at 25 K5arskaniandicukic @By prenummn(xte/ ifcoyming and Webmrbon
monoxi de f 1 ovgdrt 65 d8Se B&h d@atkt&% £°68tNat 186 EBOGUA. The rASEAN WAS

mai nt ai ned under, t hese con | ONS enperature
and pressur e SBRFIGM 13§ ApRfintained V\N‘@ﬁEVEheﬁas CPaﬁgéim}ls fl@(-? Hi dour

pressure Ilquuxd until mo&ﬂaﬁwa@ﬂyepaﬂa pRéskiiee hhar Tseamfﬁ%d”lQ a
m Xturgg 70 _wei er cepnt . net hanol 3Q wei ght

0 ght a
per cent Sret hyf %‘ee at%% S r LRI - il] e gRpeR RpgEsure I'j““@&'f‘}lpl es of the
l'iquid produﬁhmaé:mam Pumpdwas then started, feeding a mixture

consisting of 70 weight percent methanol and 30 weight
percent methyl iodide_at a rate of 10-12 g per hour.
Samples of the liquid product were collected and

20 analyzed periodically using gas chromatographlc
techniques.

CARBONYILATION EXAMPLE 1
The composition and weight of the samples taken

25 periodically during the procedurg described above in
which Catalyst I was used are set forth in Table I
wherein "Time" is the total time of operation (in hours)
of the carbonylation commencing with the feeding of the
methanol until a particular sample was taken. The

30 values set forth below "MeI" (methyl iodide), "MeOAc"
(methyl acetate), "MeOH" (methanol) and "HOAc" (acetic
acid) are the weight percentages of each of those
compounds present in the sample. The weight of each

_ sample is given in grams.
35



20 anal yzed periodically using gas chromat ographic t echni ques.
CARBONYLATI ON EXAMPLE 1 The conposition and wei ght of the
sanpl es taken 25 periodically during the procedure descri bed above in
whi ch Cat aWs98/33759as used are set forth in Table | whe RETAUSIBORESS | S
the total time of operation (in hours) . of the carbonylation
comencing with the feeding of the met hanol until a particular sanple
was taken. The 30 val ues set forth below "Mel" (nethyl iodide), "MQOAc"
(nethyl acetate), "MeOH' (nethanol) and j5QAc" (acetic acid) are the
wei ght percentages of each of those conpounds. present in the sanple.
The wei ght of each sanple is given in grans. 35 WO

98/ 33759 TABLE I PCT/ US98/ 01835

- 19 - TABLE I Sanpl e

e SRR g, Mar ‘aie, Uk o e i

22. 34 27.58 127.74 3 6. 452.11 3328.97 28 93 5..%7 21.88.5 28.89

27.31 6. 93 20. 1g X 23-Q 3205 24 55 8.0
5 2 .5 . 2 273 Y 3
33.5 5 13 22.274 31 88 22.56 9.18 52. '

6 15.5 3171 JBB3 2beBEg 28.8927 27.331 1 1(F-93 7 fo0.1 19
22.48 31.66 424.29 10 8.6d3.0 4231.22 24.%5 £20 21.83.5 35.2

1551 4585 o yy  22.94 33,08 230w hgs ]384y
18. 6 6 15.5 ~-21.71 - 28.83 26.18 7.27 31.1
10 7 19 22.48 31.66 ° 24.29 8.61 42.7
8 22 21.6 35.2 12.44  14.57 34.9
9 25.5 22.36 36.13 13.59 13.51 45.5
10 27 21.12 39.93 14.85 12.89 18.6

15 The rate of acetyl prodqction based on the preceding
experiment utilizing Catalyst I is set forth in Table II
. 'wherein Sample Number and Time values correspond to
those of Table I. "Acetyl Produced" is the amount
(millimoles) of methyl acetate and acetic acid produced
20 during each increment of Time calculated from the
formula: '

Weight % MeOAc _ Weight % AcOH
74 60

25 "production Rate" is the moles of Acetyl Produced per

Sample Weight X 10 X

liter of catalyst volume per hour during each increment
of Time (Time Increment), i.e., the time of operation
between samples. The formula for determining moles of
Acetyl Produced per liter of catalyst volume per hour
30 is: |
' Acetyl Produced
0.5 X Time Increment

X 0.57
wherein 0.5 is the grams of catalyst used and 0.57 is
35 the density of the catalyst in g mL.



15 - The rafe of acetyl production based on the preceding ment
m@ﬁﬁﬁé

utilizingWoe9883% | js set forth in Table I wherein S and
Ti me val ues correspond to those of Table I. "Acetyl Produced" is the
anount - (mllinoles) of nethyl acetate and acetic acid produced 20
during each increnment of Tinme calculated fromthe f or mul a:
Wi ght % MeQAc + Weight % AcCH Sagwle Wight X 10 X 74
60 25 "Production Rate" is the noles of Acetyl Produced per liter
of catalyst volunme per hour during each increnent ' of Tinme (Tine
Increnment), i.e., the tinme of operatiZTABLE II bet ween sanpl es. The formul a
for determn ning nggﬁilgf Acetyl Pr per IlgggdaktggEglyst vol une
per hour 30 | Sy T‘me Acet at 0.5 X
Ti me | ncrenent X‘Qgth al yst used and
0.57 is 35 the denél ty of the 3cat aI yst 1—5}39?m_ 58y 98/ 33759
PCT/ US98/ 01835 5.5 159.9 - 20 - 92.9
TABLE |1 anpl e Acetyl Producti on
‘Nunber Ti ne § Produced 7+3 Rat01-7 %%,% 3
153.2 58.2 45 10 2 186505 - 158498 72.9
3 7.5 01.7 58.0 ' 4 10
186. 0 845 3 13 5 30249 303%7 114. 7
6 15.5 658. 8 15.5 72.4 1158.8 _ 7 72.4 19
244.0 30 79.5 7 19 8 244 28 256985 95.3
9 25.5 324. 6 105.7 10 27
140. 4 '106.7 ° 2ﬁbpet|t|cnP§ﬁ *8he above cgﬁapyst preparation
and 15 car bonyl at eon proce@®.ss denons3zgied a periodosf, 73-8 hour s
during which the reg&tlon ratezgpntlnued ffb 4 increiﬁg gignificantly
(an induction perio Af ter
Repetition of the above catalyst preparation and
15 carbonylation procedures demonstrated a period of 3-8

hours during which the_;eactibn rate continued to
increase significantly (an induction périod). After
completion of the induction period, acetyl production
rates averaged 96 mbles/L—hour for 4 separate

20 carbonylation experiments.. The avérage acetyl.
production rate for the carbonylation experiment
described herein was 94 moles/I-hour after the induction
period.

25 CARBONYIATION EXAMPLES 2—6 AND COMPARATIVE CARBONYLATION

EXAMPLES C—-1 — C-9 '
Catalysts II-VI and Comparative Catalysts C-I —

C—IX were utilized in the carbonylation of methanol
according to the above—described procedure. The

30 Production Rate, i.e., the moles of Acetyl Produced per
liter of catalyst volume per hour, provided by each of
Catalysts II-VI and Comparative Catalysts C-I — C-IX is
shown in Table III.



conpl etion of the induction period, acetyl production rates averaged
90 nol es/ L-hour for 4 separate.20 carbonyl ati on experinents. The average

acetyl production rate for the carbonyl ati on experi nent
descri bed Wwerosrsa7seas 94 nol es/ L-hour after the induction PCT/HSP8/E3S 25
CARBONYLATI ON EXAMPLES 2-6 AND COVPARATI VE CARBONYLATI ON EXAMPLES G 1
- CG9 Catal ysts I'l-VI and Conparative Catal ysts C 1 - CGtX
were utilized in the carbonylation of nethanol according to the
above-descri bed procedure. The 30 Pradyggtion Rate, i.e., the noles of
Acetyl Produced per liter of catalyst volune per hour, provided by
each of Catal ysts Il1-VI and Conparative Catalysts Gl - CGIXis
shown in Table I11. WO 98/B8BEP IIT '
PCT/ US98/ 01835 - ' - 21 - .
Carbonylation. Production.
TABLE |11 3 8% on %g_uc?l on
Exanpl e Cat al yst ﬁ 1¢ Rargg@y_s_t - bl .
C 52 5C-1 D C 192
20 5 C3 -2 Clll e—x1 34 20
2 . |1 86 C4 - CGlV
2 c5 ©3 cyv &Il 61 13 |
3 111 2 82 i o 4 86 _ IV
81 5 A AV 93
6 Vi c-4 123 ce 2 c Vi
4 15 CG7 €5 C V| GV 40 61
C8 10 G Vil 3 3 III , 82
4 . Iv 81
5 : v 93
6 | VI 123
c—6 c~VI ' 4
15 c-7 C-VII 40

c-8 _ C-VIII 3
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CLAINS  WONBYFH m 1. Process for the preparation o l((I:Se9t8/|'0}:83§CI d,
nethyl acetate or a mxture thereof which conprises the steps 5

(1) feeding a gaseous nixture conprising nethanol,
car bon mllumﬂ“ hal i de sel ected from chl orine, brom ne,
i odi ne”mmm“ ereof to — 22 a carbonyl ati on zone which (i)
contai n$ a®suppdrtéd 10 catal yst conprising iridiumand at |east one
second metal sel ected from rutheni um nolybdenum tung-
sten, palladium platinumand rheni unCiéd¥s t ed on , a catal yst
support natewéablamﬂ (ii) is maintained - under carbonyiatlon
conditions o erature and ssur vering
O aseous o btict PEBRBFFCFRR B8, preparsRiTH U adi¥ls neia Shath93 )
m xture theracétatenprha mixture thexelodnphdidhocomprises thehsteps none of
t he coqpoundéfpresent |n the 20 .carbonylation zone exists in a nobile

l'i quid phase. Proecess according to Claim 1l wherein_the halide
i s selé%iedfﬁﬁéﬁngoél gaseniisr BXFUTrEdicRRREis g Hethanele and

t he carbonylatloncaeaenlﬁoﬂakaaalnaﬁaah hé¥idetéﬁléﬁﬁé&rﬂr@ﬁ 100 to
350[err]C and a prg sute of

c
according to d ai fit ﬁh@?e|ﬁr9ﬂén5asé89§ne an4%9&?ﬁ%???ﬁl€%%§eﬂgt§P in an
annunt whi ch gi vea aaBBonylatéonnebhenaghiah  iatcantdins 0d: 4uppottid

2- wei ﬁess accorgggﬁlggt%g'g\gﬁs\yggr 9] it G ¥ t1east SREPERRBRAO- 1 1O

percent eac
metal selected from ruthenium, molybdenum, tung-

sten, palladium, platinum and rhenium deposited on
a catalyst support material and (ii) is maintained
under carbonylation conditions of temperature and

15 pressure; and ' _

(2) recovering a gaseous product comprising acetic
acid, methyl acetate or a mixture thereof from the
carbonylation zone;

wherein none of the compounds present in the

20 carbonylation zone exists in a mobile liguid phase.

2. Process'according'to Claim 1 wherein the halide is
selected from ioding, hydrogen iodide and methyl iodide
and the carbonylation zone is maintained at a
25 temperature of 100 to 350°C and a pressure of 100 to
| 5,000 kPa. |

3. Process according to Claim 2 wherein the gaseous
mixture includes water in an amount which gives a
30 water:methanol mole ratio of 0.01:1 to 1:1.

4. Process according to Claim 1 wherein the catalyst
comprises 0.1 to 2 weight percent each of iridium and
the second metal and the catalyst support material is



t he second net al aﬁH_THETﬁﬁ7ﬂw%T-Sﬂﬁﬁort material is WO

98/ 33759 PCT/ US98/ 01835

- 238 - sel ec“"",’ ”'“"Hﬂlt tw activated carbon, and silicon

oxi de. wopog33fe Processtace to daiml wher ei n t he PETMIIS98/01835 5
catal yst conprises iridium rutheniumand a catal yst support

mat eri al . 6. Process according to Claim5 wherein the halide is"
sel ected fromi odi ne, hydrogen iodide and nethyl iodide 10 and the
carbonylation zone is maintained at a_ 53 _tenperature of 100 to 350[err]C
and a pressure of 100 to 5, 000 kPa. 7. Process according to

Claim6 wherein the gaseous 15 m xture includes water in an anount which
gives a seRicied Bt FEfi OtaFBbA, I abitd valtdd Barbdw, ladd siliconS.

Process accardi to G aimb wherein the cat al yst conprises 0.1 to 2
wei ght per c&t*%5ch of iridiumand 20 rutheni um and the catal yst support
material is selected from carbon, activated carbon, and silicon

oxi de. 5. 9 Prcf)é%§5§c<f:8£ %18 ?BeSﬁaa.n.tn{ A el é‘céﬂg FeBa
conprises the steps gaseous n1 are rising
met hand! | catalYStVﬁﬁ@ﬂrl§ﬂ?béﬁ1ﬁéﬁ@kl@QtnﬁﬂFQPFﬁP¢d% gatadysd§ from

I odi ne, hyd@mgﬁbﬁgxﬁékgggglnnthyI i odide to a

6. Process accordlng to Claim 5 wherein the halide is
selected from lodlne, hydrogen iodide and methyl iodide

10 and the carbonylation zone is maintained at a
temperature of 100 to 350°C and a pressure of 100 to
. 5,000 kPa.

7. Process according to Claim 6 wherein the gaseous
15 mixture includes water in an amount which gives a
water:methanol mole ratio of 0.01:1 to 1:1.

8. Process according to Claim 5 wherein the catalyst
comprises 0.1 to 2 weight percent each of iridium and

20 ruthenium and the catalyst support material is selected
from carbon, activated carbon, and silicon oxide.

9. Process for the preparation of acetic acid which
comprises the steps of:
25 (1) feeding a gaseous mixture comprising methanol,
water, carbon monoxide, and a halide selected from
iodine, hydrogen iocdide and methyl iodide to a
carbonylation zone which (i) contains a supported
catalyst comprising iridium, ruthenium and a
30 catalyst support material selected from carbon,
activated carbon, and silicon oxide and (ii) is
maintained at a temperature of 150 to 275°C and a
pressure of 300 to 5,000 kPa; and
(2) recovering a gaseous product comprising acetic acid
35 from the carbonylation zone;



carbonyla?fon z%ge whi ch (i) contains é supported | g&%ﬁﬁéPB?? :
ggrgu len?:q;ﬁ??;rT)non”m"fmnﬂmﬁ[mgmvat ed car bgﬁt a%ztsﬂjf)gon oxi de aﬁlﬂ

(ii) is nai nt Qi fed "at a tenperature of 150 to 275[err]C and a
pressure of 300 to 5,000 kPa; and (2) recovering a gaseous product
conprising acetic acid 35 fromtdwe -arbonyl ati on zone; WO
98/ 33759 - - PCT/ US98/ 01835

- 24 - wher ei n none of the conpounds present in the

car bonyl at i oWhegednenones afy thersismpoundgipresent in the 10. Process
according toc%bﬁyaa‘ﬁlﬂfne'z%ﬂé*%xﬁstsv?ﬁeé ﬁ@ﬁfﬁ@oilﬁﬁ RhkE.i N the

gaseous feed to th carbonyl ation zone is :1 and the
cat al yst conprlses 0.1 to 2 weight percent each of iridiumand

ruthenium  18Q prbbessPh@aaxaxﬁgxxdﬁamaim)élﬁherélmhﬁhein t he supported
catal yst co rlses I ridiu Um and_.a cat a

mat er i acls "Wt W@eggoqaé' etd’r%gn?o l&a??‘r? %u%\/n%?% téhgﬁﬁal ide is
15 sel ect earbmmllactdlcme zanedricy . 001 deo ahtl nendytheodatielyst  and the
car bonyl at | OrEgﬁg?‘ifg% RNty rbe&é:z%?ﬁ I%ercerg@n@gél?tb'felfidigﬁ hfig350[err] C

and a pressu Process according to

Clai m 12 wherdith ePH@mbaseous m xtur.e i ncludes water in an anount
whi ch gives a wat er : met hanol nole ratio of 0.01:1 to 1:1
10 11. Process according to Claim 1 wherein the supported

catalyst comprises iridium, molybdenum and a catalyst
support material.

12. Process adcérding to Claim 11 whérein the halide is

15 selected from iodine, hydrogen iodide and methyl iodide
and the carbonylation zone is maintained at a
temperature of 100 to 350°C and a pressure of 100 to
5,000 kPa. |

20 13. Process according to Claim 12 wherein the gasebus
mixture includes water in an amount which gives a
water:methanocl mole ratio of 0.01:1 to 1:1.

14. Process according to Claim 11 wherein the catalyst

25 comprises 0.1 to 2 weight percent each -of iridium and
molybdenum and the catalyst support material is selected
from carbon, activated carbon, and silicon oxide.

15. Process for the preparation of acetic acid which
30 conprises the steps of: '
(1) feeding a gaseous mixture comprisihg methanol,
water, carbon monoxide, and a halide selected from
iodine, hydrogen iodide and methyl iodide to a
carbonylation zone which (i) contains a supported
35 catalyst comprising iridium, molybdenum and a



14. Process accordi ngy e|n t he catal yst 25 conprises 0.1
to 2 weight percent ‘e m ,mm } nol ybdenum and t he cat al yst
support material is sekect carbon, activated carbon, and

silicon owiomks33759 15. Process for the preparation of ac®GHUBEOE3¥Ni ch
30 conprises the steps of: (1) feeding a gaseous m xture
conpri si ng net hanol , wat er, carbon nonoxi de, and a halide

sel ected from i odi ne, hydrogen iodide and nmethyl iodide to a
carbonyl ati on zone which (i) contains -a ssipported 35 : cat al yst
conprising iridium nolybdenum and a _ PCT/ US98/ 01835
WO 98/ 33759 - 25 - cat al yst

support material saFadvst suppcsdy makerial selectedi fxood ceahismh, and

silicon oxide andagthiyat®d carbon, dFdNé I@QnabxﬁdEeEB@TSHﬁhe 150 to
275[err]C and a pressure of 300 to 5,000 2)

P
recovering. a gaseﬂﬁénﬁPéaﬁétaEbﬁbﬁ%ﬂRﬁf%ﬁ%ﬁ?c°§c?ﬁ° to 275°¢f§ﬂﬁn§he
carbonyl ati on zonpressurenwe® gioo N AJoo ePapnanands present in the

carbonylatio on in_a blle | S
accordlég to?%falﬁﬁ%éb%%épl eous Qékéﬁhﬁeeﬁéﬁﬁﬁsﬁgﬁ a% F%giréii
gaseous feed to tfgom thEC@amhqnxﬂgtﬁpuom@nes 0.01:1 toil:liand t he
catal yst whELERR f6hel of the? dHEHUndE SEOkRRCInOknl | di um and

nol ybdenum ] . . ..
carbonylation zone exists in a mobile ligquid phase.

10 16. Process according to Claim 15 wherein the
water:methanol mole ratio in the gaseous feed to the
carbonylation zone is 0.01:1 to 1:1 and the catalyst
comprises 0.1 to 2 weight percent each of iridium and
molybdenum.

15



