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PREPARI NG 01' ~' GEN: ~TES AND C: ~TALZ' STS THEREFOR This applicati ¢ff jlii M0l
conti nuat | (rh) 313 art of U S. Patent .Application Serial No.pcQXsb84820284,
filed Nov&PhBEFeH 1998 which is ~i continuation-in-part of U S. Patent
application Seri al No. 09/ 01, 24U, filed January 29, 1998. Brief Summar y of
the I nvention Technical Field This invention relates in part to processes
for converting carbon nmonoxi de- and hydrpgen-containing feedstocks, e.g.)
synt hesi s gas, to oxygenated products, e.g., esters, acids, acid anhydrides
and m xtures thereof, PROCESSERFON PREPARING ONVGRNIGES Thi s i nvention
also relates in par t to processes for converting an al cohol, ether and/or
et her al cohol feedstock to (M}_@Wm esters, acids, acid
anhydrides and m xtures thereof. and t.o catalysts for said processes.
Background of the Invention It is known that carboxylic esters, acids,

anhydri des and m xtur eorpersalea60, 1%, PLARAREHoLLATAASHy 35 2ClpGOAPY i Si ng

car bon nonoxi de and hydroge ases b |rst ormng ‘an al cohol’, such as

net hanol . andApgpiecsaosd 8eRaNNNDELIET 34 ehled, Ndvm&»'@)"lBEUBQB)whl@hQ@Hdl ng to
the theoretical reaction: 2C0 + 4H = 2CH, ~O+(CH3) ~z0 + H20 | N~1~~~~~

*166166*  1zodtinvatzopm-parvel eI teat/Arsdwasgp Serial No.(0%0b1.848nce of a
known al COhOlﬁ]egrhvanum rbgfafg?)l yst, and then

Brief Summary of the Invention

Technical Field

This invention relates in part to processes for converting
carbon monoxide- and hydrogen-containing feedstocks, e.g., synthesis
gas, to oxygenated products, e.g., esters, acids, acid anhydrides and
mixtures thereof, and to catalysts for said processes. This invention
also relates in part to processes for converting an alcohol, ether and/or
ether alcohol feedstock to oxygenated products, e.g., esters, acids, acid

anhydrides and mixtures thereof, and to catalysts for said processes.

Backeround of the Invention

It is known that carboxylic esters, acids, anhydrides and
mixtures thereof can be prepared from feedstock comprising carbon
monoxide and hydrogen gases by first forming an alcohol, such as
methanol. and the corresponding ether (e.g., dimethyl ether), according

to the theoretical reaction:

2CO + 4H; = 2CH3;0H«+(CH3)20 + H30

i
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separately converting the al cohol and/or ether in the presence of a known
carbonyl ation catalyst into esters, acids, anhydrides and m xt ui dsJilh@blkeof
cont ai ni n rbon atom nore than the starting al cohol a f or
exanpl e (‘?Rggﬁ%@?cal ly): CHsOH + CO = CH; ; COOH or (CHs)~a0 %%%2&2240 =
2CHsCOCH or CHaOH -+ (CH; 3)z0 + 3C0 + H~~0O = 3CH, ; COOH Known two step
catal ytic processes for produci ng oxygenates are described in U S. Patent
Nos. 5,189,203 and 5, 286, 900. In each of othe processes described in these
patents, the al cohol conversion from carbon nonoxi de and hydrogen is
carried out iin thefesénéeals ikawwioakohbecehveishien aheddhet, arahthapt i onal |y
the corresponding ether, are refined to a product stream and the product
streamis théaAppuatedy conventing the pdeohodasd/onethendnttheapreseneriof @act i on

zone wherein,the al cahol .and ether are converted by a carhonyl ation
reaction to &SYO¥M CAE ‘H?yléﬁﬁf/‘dﬁqdb bglmm ??Wﬁ%’s‘“ﬁﬂ%’r%’g}f‘? &ﬁgeﬂ};’? | osed, the
usef ul tenper, p S QUi - af e
oactions. r G NP ey Dn O ESaHERT RS chPbo BRo POr0 thah e SRR

t enper at ur es ddeshdglrassutles, foeexanpid @hebramiedlhye: r anges of from about 150C

to about 400C and from about 70 to 3000 psig, respectively, whereas the
carbonyl ation reactor tenperatures and pressures are selected fromthe

ranges of from about 100C to a [ nd &b to 12,000 psig,
respectively. It has been di scll:@%égif%gqéo?gg%@@can be pr oddted from a
synthesi s gas from rhodi um caiGHy)SOs+ 280 621130843CHANIOM 17 o} U L 2002
WO 991 38836 PCT/ US99/ 02024 -3@2/ 148438 di scl ose the sinmultaneous production
of acetic acid, acetal delH€OHM (€Hhtbt 3CON H ALY M ICHEQAH reacted in
the presence of a rhodiumcataly st pretreated with sul fur-containing
conpounds. JA G111 i8933 discl oses produci ng oxygenates froma synthesis
gas wherein the reacti offy i ' y oI ‘hodi um
catal yst pr ovided wt hkéir?%vargg‘gf)es?%? gérllgar%g?g}] sb%?ggg&gggﬁédli‘%ﬂ% i ridiumor
an al kal i eardxygeniass adh\ddé2Ealith Ui.ScPasast Noe. /18203 anddf,28& poonat ed
conpounds such as acetic acid in which a synthesis gas_is reacted in the
presence of anr eaeh eﬁt%vm%@es descathed i Eheseratents therlceheled prior art
processes for_pr i A t . i.S. o k e of
c v%g’f*'l%hr@{)fe?f(é/ Hof! rﬁﬁ{%ﬁg‘e%gf épg?ﬁéaﬁ%sg@éu'i‘é}i’gu{ 8 T3t .

two routes: a first rou erein ctl on"zones are "usSed -
first reacti oazeida ichdwhdrsia thHeealablssihand dptidwatbd thy conrapahdiag and
purification, and a second reaction zone to effectuate the carbonyl ation
reaction to petdgucareoxsipethies Pipfucesiyeaneandiberrrodnst stednprsedamr es are
sel ected fromdiff.erent reaﬁ%etsl;e,%gg as cqnqe(ou £ wherein a bhgdi um
catal yst) cort@iSESTIM AT eACHOB Z0pE 203 fecad TeRCk IRV BEHBuNd
(such as sul f{He §RBhAI Ah8 B tEEMRHS BékVerdéd BFNRBLAbINaEBn3CaElIBHR A Or, 1S
used to produce oxygenates and/or mxtures thereof along wi th al dehydes and
al cohol s. Theestersacidpanbydsidemafmixtiuees thexpofagist disclosedndievedefnkquiri ng
separate reaction zones, alcohol purification and conpl ex equi pnent. The
second route %?P‘é’f@“??&ﬂadp‘b‘iﬁssgbé)éﬁggﬁ ,Caf@e&lgﬁ‘ﬁgﬁierﬁe&dg%ﬁd range of
oxygenat ed pradigishs é&%%i‘fﬁ%eﬂﬁeS?@éiﬁEé(H&Pt)ﬁﬁH%B@Péyhﬁw@% Réhtiged to

catal yze both reactions. Known catal ytic” carbonyl ati'on processes for
produci ng oxyganptestuaee andgnesierksi areldeltectPdifem tHdSarfzed 1T filei sbocht
5,330,9;i. Such péoc%i)?)es inV@I ve, t he carbonyl atjon of. one or nore

al cohol s. et h&?Q°Gia abone A0RT 6 syl froppabeyk /O tgPUOPHExIeSRECHYEs. The
processes 17,J U Lt 002 VO 39{3883‘6 tPC;T/ U899r/ 82024 -flare carried out in
the vapor stal'@<g6as the SEHHAPYEANER yERCIO HSFTRGT AR SRS BXOHTED AT anion in
which the net glekfedirohfttd rofeed MO 41950 OO t& aBBEt §0080GREDout

nol ybdenum tungsten, vanadi umy ni obium chrom um and tantal um conpl exed
w th at |east1bnie 13,000 p8ig,adspectielyati on (such as Fe, Ru, Gs, Co, Rh, Ir,
Ni, Pd and Pt). Currently, comrercial processes for the production of

acetic acid from met handt hasdeen diselonesh shatiexyganases canihtepyadusedt er s
which ar a esgential to obtain.an acceptable.levelpf [St tivity .
oci de pr onorer pededih LR ERGEEHT Safay ity 1RSSR haETA et ai s
in the construction of the reaction vessels and expensive processing

equi pnent (e.g., separation and refining equipnent) to recover the
honbgeneous pronoter fromthe product stream The oxygenates industry,
particularly the acetic acid industry, would benefit significantly froma
process that would sinplify and/or elimnate conplex, expensive equi pnent
whi | e simul taneously enabling nore control over reaction rates and product
selectivity. A solution enabling these advantages woul d provide a highly
desirabl e industrial advance. |nproved carbonylation catalysts for making
oxygenates wth respect to catalyst stability and carbonyl ation activitST



Di scl osure of the Invention This invention relates in part to a process for
converting a feedstock conprising carbon nonoxi de and hydrogen tp7q [)rzmuct
stream conﬁri sing at |east one of an ester, acid, acid anhy rér %:#M

m xtures tWO98E¥Ehi ch conprises reacting the carbon nonoxi 46 and Ryar ogen
in the presence of a catalyst conprising an al cohol synthesis 17 J UL
2002 WO 99/ 38836 PCT/ US99102024 catal ytic conponent and an al cohol

carboyl ation catal ytic conponent, the conposition of the conponents being
different fromone another, under conditions of tenperature and pressure
suf ficient toeRypaRess gaicthsRtRdUG a4 RNs pididsclbRESTetic di@f erably a gas
or vapor phase reaction of synthesis gas to produce oxygenates therefrom
and i s especi ackialddirpde agdmibanot fiohe apyyadbesis @asofeaatast irctlacprksandé or

met hyl acetate_utilizing a single reaction vessel. Thjs invention also
relates in paof at’&““éiz%% Vsutd?re&f‘rﬂ?@ﬁat"flﬁﬁ Sﬁ‘?’ééﬂ’ﬂ%ﬁl&“&&?ﬁm%w&-car bon
nmonoxi de and hyd Jrodu . ea ISl at .4, ope.of an
cater. aci d. A GUAdss, @PloRek Blodi SR RHRLS il s FARNERS, O)
reacting the gaidiein 1R8@¥A6EoR I cmtédanin thd Peedeirs dfeerifdiancat al yst
under conditions of tenperature and pressure sufficient to produce at | east
one of an al ceatalystéphevidediwidh aal aetederadprimeatal ends as seandfurandidipm
reacting carbon nongxi.de and said f an,al cohol .. ether, ether
al cohol “and mi%tit é@“\lhﬁ‘f‘% r_n]eﬁalr h@gi@ggﬁggﬁﬁﬁg&,e@a&h& Wsotlhouc? ; _qr}gi ng a
solid super agidgefihd cozrﬁﬁbﬁfx&s QhcHRkektidcrl BY & HEE S syt Rdbis! QRSSO
t enperature and Sressure sutficient to produce said product stream This
process i s preatactzl in thegpresonce aparrhplasa catabyst om, a afita sulespeel al | y
advant ageous for the productjon of acetic acid andl oy nethyl acetate
utilizing separate r eactROREITRILARRHrosessiss fon produringoXyganatasnvent i on
further rel at L.n {0, r ti { conpri si ng
at | east one g?mgnd gﬁ%}hegﬁ)b, &ghg:‘r{?’gscg%{%erongﬁfg\é%lﬂo&%g&ré §? %tfleogﬁF hereof to a
product strearykéyainitsio@pairatedsdctiviezdesaireasded - a fidktreadich astweb i de

and m xtures thereof by reacti ngllocar bon nonoxi de and said at |east one of
<~n al cohol , aupdpce th¢alcahoddieblowaddybspanasion aeq dyrificatiars andegdence of a

catalyst ' 17 J Wb 2002 V0,991 38636, PCTIAS991L02034:c 8 SOIREI 31 10 @ So i d

super acid, cI%§eon e nol eculaz 'si‘eve under "condi _

t enperat ure anfoRLEE 4y Lewalick] GhRRbin thePteafpe@tasddland QEssureka@am This
process is preferably a gas or vapor phase reaction, and is especially
advant ageous fseleathd fynmdlifferent xgngeseand, aseepnchtivwhe whergin aathodinm
utilizing one or nore reaction vessels. This invention yet. .further relates
'n part to a mteNEtrETaRebar & LR Sealpd Myt shpcific

capabl e of cat@\¥giaREARNHEAHIth Hing cot@p AR RP Ruhdicad by y§l hesaprdier pr oduce
at | east one of an al cohol, ether, ether al cohol and m xtures thereof and,
(b) a second denperddntpreducegzmgenapssind/onmdkfiresdherdéafarivnpatithf t he

first conponent, .and, capahl f .catalyzing a reacti.on of carbon noxi de and
said at |east %ﬂ@ﬁﬁﬁﬁ%ﬁﬁa,ﬁ%&f‘@ﬁ Lﬁ?%é’fﬁgpb‘%ﬁ l%ﬁﬁmﬁi“i SR eof
produced in t n : i . ot : one of
B est or, aci O e B e <
rel ates in pardomiplex eapliptherrt & 'lys sedomd itdute saffbonHiiomt ipoar eéleativitgdst ock

conprising at |east one of an al coho]) ether,_ ether alcohol and m xtures
thereof to a piesutans inachraadoasngesel ¢xyesnatedhRrOBHES PeANSEIDEr | aci d,
aci d anhydride_gnd .m xtur r o reacti t of . he vapor
state, said ca(iagﬁgyst?a %‘ge’%iggﬁ%%pfsrgﬁfn& Lg%"ld‘lt a‘“;étt&%&}‘eaﬂél%éﬁ%%f:{a@?gzeol ite or

nol ecul ar si eve. The proRgmwas catidyfisicathsiydatibntgiosedsdy bt ifnodatiaig
particularly unique in that they enable the production of oxygenates from

car bon nonoxi dexygematéydre dgesriberhimilhBnBaterddyoedk818:144) 0133&9b&r or
et her al cohol feedstocks in one nore reactors and in which,no halides
are required iéu&hgr?‘?eﬁﬁ?%nb‘?’q\f%%? C%@b@%@ﬁﬁé’llﬁé&é&ﬁ%%@@ ans :and/ or
recycle streanfyabstig &p.%?%ﬁ&ﬁfals wtuae% ‘&Ylyddggtﬂﬁﬂ?éﬁéﬂfsl AhEHPRELG

benefits in the design of equlphent to carr



17 J UL 2002 WO 99/ 38836 PCT/ US99J02024 the processes. |~~loreover, the
nul ti conponent catal ysts of this invention enable substantial cdqrjt gl 200ver
t he conpositio f the reaction product sinply by varying t hi i on
of one coﬁﬁﬁhﬁﬂ?g%f the catal yst andlor its concentration rg £§?€§9§%2the
ot her conponent. Further, the processes and catal ysts of this invention
enabl e the pr oduction of oxygenates under one or nore sets of r eaction
condi tions. The carbonylation cattily sts,of this invention provide

i nproved catal yst stability and inproved Carbonylation activity and

sel ectivity agrdesaisdedt DEkBE Fapbh statl &fard esli®phedy seedmpiiignglacohol
produci ng reaction, i.e., step (a) above, and carbonylat.ion reaction,
i.e., step (bpobsvmetabiepaicnnniwhichuthe meseparadtleaseane sakendbmach
reactor can be operated, at, different .reaction conditions,. The product
stream exi t i nbTOHES 2 40h Bl (UGhasaBPly ety Ungs ek YARAGPRCHIPIRL o ¢ he
car bony! ati onchEaah andPhd 1055 ol 180 Hich BE IS A UAIB LAY & dr hf 2
schematic représentati on of a one-redactor process ow diragram'to make
acetic acid fepiba (bedflas Fek RIaI®HUSo,RK] I, Nic Pddnd Pag car bon nmonoxi de and
hydrogen gases prepared froma hydrocarbon feed to a "synthesis gas"

or' “syn gas" generat or. (inyentla. poignercizleresessesdepthe productoon of a
two-reactor process flow di agramto nake, acetic acid from.a, feedstock
gaseous i xt URESROABKE SPRYTEIPBBAL ABHART Hen SHPRYGS SHUHO§A08uer apar ed 1 rom
a hydrocar bonyt&aidid #hichyAtdesehidit¥o MalrsiR a3868) o880 B cabllydl | o
Descri ption A ﬁB

cording to one enbodi ment of this |nvention, a feedstock
conpri si ng caabtirityododidiepeordotmdrangdnighdy camrssvepteduiring thd ude Of L 2002
WO 991 38836 PCT/ US99/ 02024 . 8. product stream conprising at | east one of an
ester, acid, 8¥9HC VHEh%ﬁﬂn%‘irk‘ﬁﬂpéé’fttﬁ@Fé@‘Ftl‘b‘?/VP gidng eXReTEAYHon
nonoxi de and hydr L. ese L Of.. | yst C {.the sane
t.o the pr odug&é%%rg%é%%ﬂ%?tﬁ&f%égggina t§/‘§% gggﬁ‘ﬁ%ﬁ%@%gﬁ ﬁﬁ\égﬁ)&o synt hesi s
catal yti c conpeafiel tAsthoto@d i@ proaidrenflcrhithe yaatlutt ¥treaen.Component . I'n
par titular, a gaseous feedstock conprising carbon nonoxi de and hydrogen
gases is converted to tHehgeryigenatesivdnsing. paviapderbhthreacetanneid | ed

Compr 1 oi no- o AeRGTERa e bERREH ity R fro@ss ThAE MM na
al cohol car boRyhptifP Andadred i fa teOFRAPRAL exPPhGVO Ll Iealt Whilé he gas

feedstock is converted to the product streamin the presence of a solid

cat al yst conpsimubtpneomelya¢nablieg nadxeotwitrelonergeastionirates andgowdoaent and
a het erogeneous, al cohol ,carbonyl ation catal yti c conponent . Preferably, such
processes Vi elsﬁle&tld!‘g'du‘éts’o ?Pgérﬁ“@ﬁ% &eﬁﬁ "éiltv‘lpg‘éé?s Wﬁé‘a%f”& it acid,

met fyl ester nighRt Acsipdnidenanta i hed. BipkRRIEGIbRAIIA oS Bfaliee Out
in the presence of a solid catalyst system conprising a netal -based al cohol
synt hesi s cat dbynmakingrxygentatemeith saipedt sopealpsti stablleiphahdcar bonyl ati on
catal ytic Conponent. More preferahly, a.synthesis.g feedstock s

conver t ed subé’?gh?‘?-‘éllaﬂ?nt%&é‘(:‘&’ia@ lﬁcww¥&wpa§6@1ma§§a h@{lw%ﬁg@}ﬂe
temperature ang k&St rolled reaction wherein the catalyst is a
solid catal yst consisting essentially of a netal-based al cohol synthesis
catal ytic conponent and a solid super acid inpregnated with a Goup 7, 8.

9, 10 and/or 11 netal. This_enbodinent is sinple and unique. The processes
to produce the@ﬁdﬁ&ﬂiﬂﬁﬁ%&n&l@g&arried out in a single reaction zone in
the presence of a nulti onent .cattily st whose conposition can. he varied
by Changi ng ¢ he cat al yt | Lhomyanse datestin 33 4 BH0ERe Do ipied]
2002 WO 991 388364 5tedk el rPsi8é4arBon monoxide and hydrogen to a product

stream comprising at least one of an ester, acid, acid anhydride and
mixtures thereof which comprises reacting the carbon monoxide and

hydrogen in the presence of a catalyst comprising an alcohol synthesis



~i 11C1 selectivity of the fir st and/or second reactions, then ehy
effectivel ~~ contr olling the conposition of the product stream‘a’hdU’Lﬂ%Z
rate of p i of the streamconstituents. lii a prefer jjment
of such p&g(ggéiﬂ’égp the nul ti conponent catalyst is a solid cgf’glluggmgh
consisting essentially of a netal -based al cohol synthesis catal ytic
conponent and a het erogeneous al cohol carbonyl ati on conponent. The uni que
catal yst enables highly selective and r gé_e control |l able pr ocesses which
can be carried out under a singular set of reaction condition tenperatures
and pressur eSe, Bt Bebhi foER@ RSN a5 A@IN0E ka B IGBOR a8V M p IR,
catal yst beds in a single reaction vessel, e.g., a dual bed catalyst which
conpri ses onetlxedomposHion nfithdeomponémts minghkffesertafrainyone anothanent and
anot her separ atg bed é,ont aining the ~i| CUhol car bor{%/fj.ati on catalytic
conmponent , or YBAET Agnditins llemparatyrsand regsye sufligept fperafugtie al cohol
synt hesi s cat glyt.l e .th |G . opyl.ati lLytic
conmponent . | tg%lﬁélgoégﬁq%?%élt%émsﬁ)ﬁg eagﬁiigﬁgé%%ﬁéfr} ) geoé&% %g&)gié*)r%ai ni ng
hydrogen, e. grdacdtiot bESBtIERE gddfo proditexBeeeadtad alurkfon GRS fsect tin the
het er ogeneous al cohol carbonyl ation catal ytic conponent of the catalyst as
conpared to reswadialy adyanhiagerusnioy themraduttiondf eaetio acrdbmodiod enethy

present in theQ%%/aztem as descri Eeq re ful I¥ bel ow. This unexpected effect
i's especially _361%11?_185 4 W& EpT MR BFP%6T acetic acid. In another
embodiment, this 1nventimiislsvehfigh'sith tlabls AEFRACD ABfodbgbysts for
converting a feedstock conps icing carbon nonoxide and hydrogen to a
product streasvswanping arfgeddtotieasmpiiding dhrlaon esderxida@and, hyahbydnitda and

m xtures thereof, which conprises (a) reacting the carbon nmonoxi de and
hydrogen in t REOGResEReaRMaomPHsing gkleashane o GadFItPHrRcidfagidnper at ure and

o oduce at | 2ot Taridend BodpRa Rt YRR IRBrer kR Ly o

thereof and (Barb@Reddnixiéanbarhyirogsh de thegresetedf 4 eagllystnenddr an
al cohol, ether, ether alcohol and m xtures thereof in the presence of a
catal yst conprepsditipns ebtempengsure asddressune suligiantdoarodureatiieastsi eve

d und di ti { .sufficient.t. d
oo product epel fleobl BhRb S FeR AfeoRpf B E0beel thiBorhafl Lol
carried out iRehd¥nkicAKEsh HRAKI A aKASHEd Bt Weddt dlteof A alcoh@BCtheR vessel

containing the al conol synt hesis catal yst and the second reaction vessel
cont ai ni ng t hether blmopol andonixares ykereofn the predemcmafta cadafymtent catal y
st above, it has been di sqoyer ec)i_ghia; _{%’dr ogﬁp or_a f‘eelds‘t‘ock co(geg‘ai ni ng
hydrogen, e. g OmBKERESA SOl Supgracid, clifye Zpte0r TOLETHIAT PRy CI148 on t he
carbonyl ati on (gaURINE oL PYRAULS aBUGREMrLOMRIAR HOFHRALEH shl I eact i ons
in which only nethanol and carbon nonoxi de are present in the system as
descri bed nor grbditystyrebhow. Thid pracesx peprederaflfecgas sr gspecphhse val uabl e
for the production of acetic aci (ilg tln iIIustr‘gtive oggral.l reaction of the
i

processes of tRAEUIPTH,RR 1D ASHeFIal afypatageodts; i9h the production of agtitent ed as
follows: xH2 + - 5 £ 8 Mo Rl from
acY&En"d/&Fﬁe} (%t&pe ﬁgﬁ%}%}é)% d:x atb 19591(?1&3?%%']5?& sﬂegyp

1 to about 12 carbon atons,” an or an a group m1lto
about 12 car bdn) ahdr®). and wherein mis an integer of 1 or 2. nis 0 when m
is 2, and nis 1 when mis 1, x and are the stoichionetric coefficients

for a particular r eacti bhis Jmygnsionsfugheen redatesizpartdoppeessforar bon

atonms of R 17 JU. 2 991 38836 _P 02024 - 11 .~nother.
st rative SOBYATInEEEelSiotheotRisnsacioast 85% B o Pavhdle PR
separ at e reactdtRer ali®] aRd BextiRBs EREFoEdo asprlodhictWhre axtiéorip¥Heing at RCH
RO+ xH2 + 5' CO -~ (RG)mOR n ' -~ zH ~O .
least one of an ester, acid, acid anhydride and mixtures thereof by
reacting carbon monoxide and said at least one of an alcohol, ether,

ether alcohol and mixtures thereof in the presence of a catalyst



O wherein Ris an alkyl group from1l to about 12 carbon atons, a\r;ﬁ ﬁemﬂ?
hydr ogen or an al kyl group from1l to about 12 carbon atons) and é

is an intgePdeRhagl OF 2, nis 0 when mis 2, and n is 1 Vepcvuss/dzo2« and
yT are the stoichionmetric coefficients for a particular reaction, and z is
one | ess than the nunber of carbon atoms of R Processes for reforni ng
hydr ocarbons to produce synthesis gas are well known. Each has its

advant ages and di sadvantages and the chaigce of using a particular refor

m ng process is dictated by econom ¢ and avail abl e feed stream

consi der at i orwmtassmg 4 salidisppehactbsiawdestite or moélecwlariiaveCAnidert he

feedstock resulting fromthe reformng reactio Steamreformng typically
produces a h)ﬁ‘dﬂ"égréﬂnt’ S?EWBSW%ﬁ&HddTg’%Pée? fh‘de’brrté’ai”é?‘{‘t%a?ﬁl bout 2.5:1.

car bon monoxiEanst SEEAm OTM AL B G et O URE of TRbo B ne 1 s o

controlled C%au&bhoanﬂaaet,p@aalm atiViagiba ge hreefbrahegaatattishkeinReric
hydr ocar bon, such as met hane, and oxygen is introduced into a conbustion

chanmber. The andtustoomesbrlincdtabs usiliziegone orindre eaxdicecvesselsy: make t he
desired hydrohen-car bon?gonom de.ratio, i the f edstock St eam ref orm ng

and partial oxidation o HHé Fﬁbﬁgtgy’ fergla W fORses and are

PCT] Usoo! 2020 T ISERES R %Sgﬁta“*‘%‘?%ﬁﬁt% st 85‘3%%?@%3.“ on. 19,

16, the pertigealy zﬁﬁgta gtoh offtatborbeonaade mwdahe@lrdgeheiorpllmylurcef&r ence.
.any hydr ocar_bon- contalnlng feed streamthat_ can be converted 111tU ~

f eedst ock conlﬁﬁﬁtspﬁg o¢ anplRoheln sxheTe eEhry ﬁ@oheb-ged mpgyregharepl apry a

synt hesi s gas y i fu es of .ih venti on.
The ratio of é C8 tccc)’g@gr Tolu ﬁ%‘ﬁgg dA %El%n @?@?@%‘c ﬁ?&i‘hﬁ‘t’@ fﬁ"? he
range of abmmﬁ%imsaaéntaarm cw@élerotlahydlwlﬁgtsléaétgaletcam 20:1 to
1:20, nore preferably in the r tinge of about 10:1 to 10. Useful feed

streams i ncl unenoaide and gasd @ﬁbﬂaﬁhﬂnﬂeﬂh@lm@) ethar, ﬁahmallcobalsandrrp05| tion
can vary dependin | oc ur ce efi ner of f - gas,

(PG gas o | Bysiimthetrpautehix B piedinde R abe Tust Gamivmeti fpes or

fuel oils, %M%@Q%oﬁ@ﬂfﬁh@sw RCREER3d hahYalk-RleSd A @ ABctuldl a

preferred enbodi nent, methanol can be converted into feed conponents
conpri sing caﬂmmofmnox! de and hydrogen, e.g., synthesis gas. Further,

hydr ogen nay be fornmed .Si.tu, for nR wat er s, shift eedstocks
conprising carbon nonoxi S IBYF Bgé’rf %teﬁ in %‘Wittﬂé”sg 1, gatalyst, clindergo
purification éQJLHo%g‘?EhGH oi“%%&@st% uﬁ@saﬁt ﬁ%r %eé)Bf Hﬁ"alhgwlhe

processes of |s Invéntion, the synt es gas essent| y free

of catal yst p@u}mtrnetmwllcaho]baxtmxaxmm @A rbyfiocy pnodwdtidtdeamcar bonyl

sul fide, metal carbonyls i ron carbonyl and njckel carbonyl, anmoni a,
basi ¢ or gani €OTBBHSHE S ’lecebtgme Heahesteinneid, apd etlwiuémam memeugeener all'y
any conpounds : C S ion may
be carried ou%ﬁ%%%%mo‘}ce%sgié&kﬁl&}méﬂgf&ntt}}ate b%??l é/t%té grcgg?(lgg éfec%ﬁi ssernel ,

li.. and Arpefidm & solidélysdr adid) clﬁzr;rgmltte@iembwcwar Sievend, Revised and
Ext ended Edition, 1993, pp. 19-21. 17 J U L 200Z WO 99I 38836

PCTI US99/ 02024 -13 The pmpeﬁesmubca@iyet@nditmamemmmem t he sinble
t d .at t i bed t w
ot e anaoRan ey Bl DRl B PO TReshlie thh BRbaSFCY of PRxpehatity MY

produce at | epgin QBfLM nﬁiho?&&@-rancﬁﬁkwﬂrog%ﬁi oA fA8d kYot ESHo),

t hereof . The exact reaction conditions wll he governed by the best
conpromn se beeﬂheimlaeﬂheewlmgldilfgétdsmcmrrsbnS@lt andrevreaetomcand ih whichf et i me

and ease of opera ity, as s the intrinsic reactjvity of the .
starting mat epol}bﬁ qsftawmtﬁdah etheu 8B VRPPY Phpsemel thertaedstockat eri al s
and t he de5|r re A LOfIs: In one

enbodi ment of ® ?%erﬂll onyag ép&%gﬁs%%‘ﬁggttﬁagg% I }({e}g’gm)l ar ratio

of Hz:COis fedbteralﬂl é&h@nﬁ@%h@ﬁtsﬁfn the dvtigal df‘iﬂ;d’lﬁﬁﬁerﬁ&@ ctdli@v beaction
is carried out in a reaction zone under controll ed conditions of

tenperature and pressure in the presence of a catalyst to convert the
feedstock into one or nore oxygenates. The tenperature in the reaction zone
is selected fromthe range of from about 100C to about 500C, preferably a
tenperature in the range of from about 170C to about 4U0C, with an
especially preferred tenperature in the range of fromabout 1 r 5C to about
375C. The gas hourly space velocity- (GHS~ of the feedstock (liters of
feedstock/ hr/liter of catalyst) passing through the reaction zone can var y
significantly) depending upon a variety of factor s such as, for exanple,
reactlon condltlons) conp05|t|on of the feedstock and quantlty and type of

. B —— ~ 1~ .



pressure in the range of from about 50 to about. p,000 prig, with an
especially preferred pressure in the range of from about 500 to dﬁbdﬂlﬂmboo
prig. Thevagséggﬁg and carbon nonoxide partial pressures shpgigisbo2024
sufficient. bl e the production of one or nore oxygenates.

Addi tionally, the hydrogen partial pressure should be sufficient to inpart
stabilization to the carbonylation catalytic conponent. Illustrative
hydrogen partial pressures may range, for;exanple, fiomabout 0.1 prig or

| ess to about 9000 psig or greater, or fromabout 0.1 prig or |ess to about
4500 psig or ghepr&lesses. Mapvahouhe dltidngpcientassalvetabPtitis2?00 prig or
greater. Illustrative carbon nonoxide partial pressures may range, for
exanpl e, fromuzymitonenapld sphsutansgl centrgbevar mppgtion efrtdet er, or from
about 0.1 psig or.less to about 4500 prig.or greater, of from about 0.1
prig or less {EACHBLPTOMS BRRY B ArEnere efapasiondtrus FaBRoRERGx: de
may be fed sepppgl gAdhly S ARGOF NGB RAGE RN fE’lati‘Ge%F{Hb%@hbf’@omﬁmﬁent.
s~~nthesi s gas. In another enbodi nent of this invention, when the al cohol
produci ng r eadiroheiannlde gavbensgs anidarztalysscof tlos iaventioaremiabde o i n
separate reaction vessels, a feedstock conprising the desired mplar ratio
of H-~:CO is peedu@iamel gxyreanftes NBdaE ORY o daeroretstolgeasiion 6PRdUiong-e and
the reaction K8 cargli Ut in.a.r i on. . er.eontrolled conditions
of tenperatur g%éen%l%?gglsa&?&en %:%dtq%set%g)?gé%ﬁg é’%gl? ménlglé)tv ﬁ%gpp t %Vecégﬁz%/t&y % t he

f eedst ock i nt gt M6t aniepveaArbonBhfiRhsactetibe hndl @dQlwtpad m xtures
thereof. Such reactions nmay be carried out by conventional nethods known in
the art. See, destribedihprein. Uns: pPefeered dimdodbmeas, thesalgebiol5p2eecdid. The
product stxeamexiting the al cohol reactor may then be.fed to the

car bonyl at | on TRRHY -Gt bte?p?(d‘ﬁf‘ greetf E\‘E‘é)ogﬁ%att‘ﬂ’é YRRACHOROrt S8 ed out
In a reaction,pg0e UHIBE caPAbd Quk & sepdratd rdabtodQGnd IO e3R83Ccan be

PCT/ U5991 02024 -15 conditions of tenperature and pressure 1 n the presence
of a cat al yst opsratefli atediffeeert redwicocoretitionbe TheaoSiduck stietam eriiwg nor e
oxygenates. The t erature i.n the carbqgny, | aj.i on reaction zpne js, selected
fromthe rangéhﬁﬁ?msé{%h‘f&ﬁ%@tpﬁ caaga&tfedgﬁmthmrgp eéﬁ‘lrgoﬁyltaé}fﬁér ature
in the range QE ﬁﬁgﬁlabout 150C to about 400C, with an especially preferred
tenperature in #he range of from about 175C to about 375C. The gas hourly
space velocity (GHSV) of the feedstock (lit.ers of feedstock/hr/Titer of
cat al yst) pausing through the carbonyl ation_ reaction zone can vary
significantly, dependi ng upoik SqQr W3nggich as) for exanple,

r a action conditions, qeﬁR i4t..0 S nLity and type
of catal yst being used. e(i%-]lé\”'} “g%cn %I}égﬁnﬁﬁﬁflg‘?’%gg&%?gg%q}% }ééala{nmt he range
of from about plotessaipuiidiagehr@hake atetiDaeid foaf arfaddstork lghsédsudmai nt ai ned
at a rate of at |east about 500hr-~, and nore preferably will be maintained
at a rate of anbitezecompoidngcarbon mangxide apfdivdrggen ghses byergrade
velocity (LHSy: of the feedstock, passing.through the carbaenyl ation reaction
rone_can vary i PYREHERDo SESLRGR S RIS EET, tory Bk BB ety ch s,
fox' exanple, reaction cpirki2oRS) sGIMAEL kbpresehtalibn lofadsé Re8a @A
quantity and type of catalyst being used. The LHSV to the reactor when the
feed i s vaporimedessriiow diagennevimgkercefic hcid flom ndaedstock@pseamge from

about 0.001 to about 100hr .-~ ) prefer abé fram about. 0.01 to ahout
Ohr -~ The GABUTHA CORBYISEE SHHBRBIPIGRIS ADI Y Boosn earts Prekmed, ot her

al cohol and m r Y f o i 0py&atl QR o Sacs . e
pressure in trfga%afggﬂmaﬁlgéﬁ f?%%%?ﬁogﬁggﬁ%&n%égé %glne tR ed’e?{eé?ngqlhe range
of fromabout 1 to about 10,000 psig, preferably a pressure in the range of
from about 50 to about 5,000 prig._ with an especially preferred pressure in
the range of from about 500 to  Retajedddescrytion/ 33836 PCTNS99102024 - 16

about 3,000 psig. The carbhon ;aonoxi de rtd.al pr ure shoul d be sufficient
to per mt the reaction éﬁ‘?%dé’?‘g g(l) 88?’18?“3)%{’“1&”. OZt%ﬁésfmaYIe@g}?&’ %r nixtures
thereof to progugfoeRRoRipriBhg @FBER A ESidd AR dEH:Rgen iRabhiatteRMtBSSUT €
shoul d be sufficient to inpart stabilization to the carbonyl ation catal yst.
Illustrative hydr ogen par tial pressures may range, for exanple, from
about 0.1 psig or less to about JOOO psig or greater, or fromabout 0.1
psig or less to about 4500 psig or greater. or fromabout 0.1 psig or |ess
to about 2700 psig or greater. Illustrative carbon nonoxide parti al
pressures may r ange, for exanple, fromabout 0.1 prig or |less to about
9000 prig or greater, or fromabout 0.1 psig or less to about 4500 prig or
greater, or fromabout 0.1 prig or less to about. 2700 psig or greater.
Hydr ogen andl or carbon nonoxi de may be fed separately to the carbonyl ation
reactor or in conbination. e.g., as synthesis gas or as part of a feed

o, r o o o o, - . Y -



-17phase reaction, e.g.) slurry reaction. The substrate conpri 51 ?g' gr?
al cohol, ether, ether alcohol or mxtures thereof can be forned U @ﬂ& by
f eedi ng synt hesi s gas to an appropriate catalyst that is coyphas e
car bonyl afx’f%??/"@gfﬁal yst either in the sane or different reactors. %/pzotzf'
desired, such substrates, e.g., nethanol, and/or synthesis gas can be

obt ai ned froma different. source and fed directhT to the carbonyl ation
catal yst. The al cohol synthesis catal yst gr alcohol synthesis catalytic
conponent is selected fr omeither of two groups: a first gr oup which

i ncl udes: (a)paldiattistpnth@omptisings olmsednk 4f aorestbaseddmatelr i al s, (b)

G oup 7, 8, 9 10 and/or 11 netals, supported or unsupported, with or

wi t hout et al anhpdeidraimd musmxte@rtdwle@ byrrseetimethe C@kb(liemfufomﬁﬁ endNi with
Cu with or Wé@ut a trl aI ent neta ’L /or al k éorormter and (d)
i xtur ot her BEHOEs 1B BB CERECTRD M2 FARIRCT-010aEr By SRS BdHe and/ or
ot al P oMt e A QY i BHE Q1B A KRLL onchoN Bl AhoBr,0mot e
Cu/ Zn0 rraterl S, m xtures thereo m xtures o Irst and
second gr oups:,aﬂ%livﬁt ebﬁi;ioyx,ent mdhnctiadhd eatbesylatioat ed tydt twmﬁﬂp@Qbﬁt
synthesis catal ytic conmponent is selected from anong those catal ysts used
comerci al |y {nPaaikieulad ﬁzﬁf’cﬁeoﬂﬁéﬁ?@@ylﬁm@éﬁ331§§§c11b\Pﬁlélh()la@@dﬁligm y

devel oped and; tgelr actS|V| g% and %jif tIeVIt ar.e K Qun The ngl ude:

Cu/ zn0 (with BYREETLETSER I CoPRFris e B Qg seycind n%kfﬂfg‘&ﬁp affported
Goup 7, 8, 9camdbRed tomRiatere N8R eEAIR] yezs&l&eneﬁh@b@egefd@m sélwm a
synt heS| s gas according to the follow ng reaction: 2Hz CH, ) OH

Al cohol synt hesiadystatahpsismpa mbt:&ifbﬂseshﬂwh(shSthaisyuatalymmponents t hat
typically generate from synthesis Ander sonSchul t z- Fl ory product

dl Stribution EPMPORERF ABACHHBICONON ChTRRIYAFOR GRERIEIC domporent 2002 WO

99/ 38836 PCT/ US99/ 02024r1\71%€e ﬁgpaéﬂalﬂettﬁ‘b}dgrﬂgﬁgﬁgklygg Qﬁ!eﬂ%‘a Bt erials.

(b) Goup 7, 8, 9 and/o out metal pronoter a and

al kali, and (prodmetedremnan he passente CF acioli caatady Eeonpiibing a whédadut a tr
ivalent netal 1011 and/or al kali praonoters. These catal ysts or catalytic
conponent s gehasedaicohol sxnthesisatalyticspmponantsnd galsetamgﬁlmowg to the

fol | owi ng rea%ﬁno%%l c§H§onv1¥f‘}$n cath y%f’:‘ gé{p&neéﬁ;ip%f@@%ﬁr é'uc?{ prlp es;Se re t he

required stoi onetric coe |C|en alk

t.o about 12 gaslHGNPASANGE.stiddrki dbEnpAGRINET IdalRe o@b@fb@bn&}ﬁlﬁ@e&b%ﬂat al yst
and al cohol ca rbonylation catalyst. fromseparate reactor s or coupling

t he al cohol syﬁtmegpen@anéwnd,e @ndmxémes/\fhmeofmndlle@hmledaprtmnwm| on

catal yti c conponent L reac | el ds l.i near 0oX

accor di ng tong)ﬁ'ésw‘?rogl‘f S&ecgg?faolﬁsgi’l-é JEGPLISReE 3 B}BICE? J‘tﬂg‘@gﬁ*fere X,
y and z are tRenfRaui} asﬁuﬁlelcem;ga@ﬂﬂ&n&ﬁ%fofidcs@mrsma@ﬂcéﬁbﬁ is Hor an
al kyl group of "1 to about” 12 carbon atons. Al cohol catalysts and al cohol

catal ytic corrpenlam;slamlmtc«ttybrtecawmpgaaet aMoiei mrefenadlnes isyntlessia gas
non- Ander son- ﬁ FI or I Str bhutl on.of net hanol, . et hanol Ehd Z- et hyl
br inched hi ghe§ S "‘*ét%j5 supstaiiiaiin o achie dgkd L5 VAReL Rhasky/ or

metal promot e@sérggaga B AA e MFLsudn ok bR 8httiBAU R kAL

pronot ed Cu/ Zn terials. ese C ysts and catal ytic conmponents genes
ate branched &lacm]lyetss a@ohdohanghtst doheistnig esdengiaibact 4 ametaifismsedy CO t ~
R- CHCH~~COH + zH2Q J. U | 2002 WO 99/ 38836, PCT/ US99/ 02024 -19
whore x, y and® Qolwlesyprtahewéqaﬁal@valcs@q;newehfewf@ kh supeatid and Ris H

impregnated with a Group 7, 8, 9, 10 and/or 11 metal.

This embodiment is simple and unique. The processes to
produce the product stream are carried out in a single reaction zone in
the presence of a multicomponent catalyst whose composition can be

varied by changing the catalytic components so as to control the rate



or an al kyl group of 1 tU about 12 carbon atons. Linking together the

al cohol Synthesis catal yst and al cohol carbonyl ati on catal yst fﬂdmﬂﬁemggate
reactors or coupling the al cohol synthesis catal ytic conpon w%#E(er

al cohol caMOPPBEX6i on catal ytic conmponent in a single react§Q§&? 8
non-|inear carboxylic acids according to the overall reaction: xH- + yC0 -~
R- CHCH~COOH -f- zH~~O CHs where x, y and z are the required stoichionetric
coefficients, and Ris H or an al kyl group, of 1 t.o about 12 carbon atons.
In the enbodi nent of this invention which™nvol ves converting a feedstock
conprising at |,eask1RbRid 600R! ﬁls‘%ti}ﬁflm ] df?écﬁ?i%?lls, ﬂ{er@o)&t fc%?‘lvgﬁer eof
to a product stream conprising at |east one of an ester, , acl

anhydri de and ¢ontrollgs: tHreccﬁﬁpousmmt@mﬂe pedadst emleanuray:dl tﬂnrel rade of f or
exanpl e, nono- and poly ric al cohols, alkylethers such as al kyl or

al kyl ene nono-pP Cﬁm %@r@lewoaxswugné& hbk aam@&n@e@ earkpdimeantrads

t hereof. Such conpoun contain aromatic.r r, ef red
il cohol 5, et het ol BHese e g PR Ra R R b tas it el ey « he
processes of téurglmﬁg%h@mlawbmn@{ Manaled Slcobol yrithedls Fafaidon at ons,
al kane polyols of 2 to about 24 carbon atons, al kyl “nonoethers of 2 to
about 20 car botoraponent ahéy haiekgg@mmlyehdﬂecasboﬁ) H}ti(m ahnpbnéﬂt cZhbon
atons and al koxyal kanol of 3@@ g ol_n carbon _at ons. ustratl ve
al cohol s, et he\iglcﬁ%ﬁjcfbtt‘ PHNIBRIN e ?ﬁé?’%@néaﬁﬁﬁ)ﬁgﬂ%ﬁ 8 ]enp%éb‘?esdance
with this i nvept HC}ch‘ﬁ%edéa (ﬁﬂhuqué{ §51xg§\51%§ltse,t\|§?ﬁ act?o]n8 (;ﬁl(ﬂt

¢ te

5, 330, 95, the q7s¢t §5ures o are 1 nc ereirn re erence
The feedst ockstGRpPFdtHired adt 1heashrednellé ﬁﬁﬂ@icbnﬁldﬁérnt @tﬂ%t avgpphol or  ?
7 J UL 2002 WD 991 38836 PCT/ US99/ 02024 -20 nixtures thereof nay be
prepared as de¢mnpbisd dnsr e Mose cataléshheds/my%ngleb@a@bpau\m@aelf €8N a

di fferent sour to the car Iatl on. cat.al n such
car bonyl ati on gﬁﬁgg?%ﬁgalyf’gg%&%E(é?é’&seisﬁ\?(? b?%Wm%t%XﬁBQB{ one of
the al cohol, efhethestd SftalMicebponedt %H%H&%e&@@f)&f’fte'%&&ﬁlt&ﬁﬁw theal €
and passing the vapor over” a bed containing the solid catalyst conprising a
super acid, cl akohnboﬁrhoaby]muomhmﬂmtwwmmnmdera snght bédnstadestcr i bed
above. Prefer abl y, the solid. su %é?iul zﬁol ite aznd nmol ecul ar si eve
are i pre : nat BUXHIh e CRIBIHATe of the Syohahlfinesis fertis Sompienbed
herein. The ca l.a r in a tubular reactor
using a fixed Egg%fe ‘%ﬂﬁgq%la(%gﬁ sﬂ%tgﬁgccﬁé@gﬁ?@)ﬁ%&hge fed to the catal yst
by feedi ng down or up, orItémsdmbhr:hsbmmﬂ that hydrogen b1 xefdedbﬁdckocat ed in

a tubul ar reactor be desirable _to, use react or desi
operates by pl e@ntfqlewgﬁudh%%le§ &ri m'meszm%ﬁafm .uﬁleftnsct}e% ﬁwzleﬁe

The carbonyl at 0

catalyst. In shﬂﬁ g&?gggﬁé (g%%éeﬁgogg %ﬁ%?l%gé%gf(% t ngmnc%\? glcs%oé{%pgréel?tn t he
case of a flui f biesl cafalybieasadmbysed ty/redeaiend hewdliclobaly, netthanol ghéer

al cohol reactant is a higher boiling material not easil aporized, it can
be diluted w t BarbamEmmoFie prRyPHeseRtdadbevy stemand ew){mdl were Taly t hus tr

be- ol Lo ext e R Tt aiBaetel nohR SR AT Y A Aig iy e PR ERRET O

cost of carbonyfaté@Paciui t able sol vents and diluents include aliphatic and
ar omatic hydr ocarbons, esters, non-condensabl e ketones, and the |like. The
al cohol carbonyl ation catla mtbeamnb@d}mmit d;hﬁbm\’yhbmma drecibgtoc

COMONENLs el kel ﬁfzﬁzqr%v@; U R

PCT/ US99/ 02024 I (’tﬂﬁﬁ” es,
and the liKke. V\%&%)tr]ﬂ%m%rnemggérhrﬁgsesfﬂb Siné&lg](% lrrﬁ@t F’&leagg Olﬁ% g) VSt S
O alcUllUl cambossteatadd, ﬁﬁhﬁnﬂmﬂecambnnnnmetssthmyofbwhxeledoml&e@((ﬁbl ned
form Illustrative of suitable alcohgl carbonylation catalysts and al cohol
car bonyl ati on éaﬂéﬂlpgltbcé@%@h@ﬁ@m% Ia@del'l‘{fhdﬁénd@rﬁhe%ebﬁét%@f ftd acidic
materials descrj Yanma Recent jFrogress g Solid Super
acid ', Appli e&a?fé‘q &dgr nHlt gg"ter&pcarﬁéur%g&dmlg Y% ?/u W% er opol y
Acid in Oganic Reactl ons" by Yusuke | zum , hazuo U abe and Makat o Onaka,
VCH Publ i sher s Inc., 1992) the per tinent portions of which are

i ncorporated herein by reference. The al cohol carbonyl ation catal ysts and
al cohol



C~l1"17Un~" 1i 1t 1U11 cati 11xt 1C CUmpUnent S exXhl blt an acld strength of |ess
than or equal to - ~.0 (Ho <_ -5.0)) pr efer ably | ess than or1gqikl2itlo
-10.0 (Ho._< -10.0), and nore preferably |ess than or equal - Ho <_
1Z.~). AcMP 2783t h of solid acids can be eval uated by con\egﬁﬁsé%’gﬁzg

met hods such as by establishing Harmett acidity functions (Ho) using

organi c indicators as descr ibed bel ow. Wen the color of a catalyst sanple
subjected to the determnation is white, ;this sanple is i mersed in benzene
and a benzene sol ution containing an aci d-base indicator of a known pha

val ue i s add -dcnﬁ@e&tqeaz[h@néamheam@héq.emhém?nem%hmm@nﬁags-ésthe

i ndi cator on the surface of the sanple assunes the color of acidity. The
smal | est val ucheakoPphnd (b} redutoig tdabonomonoaidaandishyd b6 less wmedfi:an r epor
ted as the acid str ength of the _sanple. The indicators (pKa) which are
usabl e for thrlohak @ﬁhﬁha&tﬁ?‘éh ajgodohgad maxturesihreolinithe gresergeeola 12. 0)

(-1, 2)) 2. 4. attpisthonfalie A 3500 RBRRARTE 1A ke P Radle BRI SERE ) ="
WO 991 38836 lfnd uhderz99diftédd 6E50APeRhre dhdptdsduseiBeifidethCprlwRt s are

preferred carbonyl ation catalysts and carbonylation catalytic conponents
for use in thssd product streatne Iprtbiscembodiment, thepprocassedsirkguefambdgi dity
stronger than 100% H~~SO ~, .i.e., Ho < -12.5  1l]lustrative exanpl es of

sol i d super agriechPat B 3wo likd resction. Vegsels yidy theshrst reacton. wgssehng

Zr O->- Bz Gs. Z‘O%Eal}@%p? tl‘é{]afggﬁglvﬁoa/f}t%eéis J::z?tle\Q‘.ﬂH%g?}&%%Ifxﬂtxee%c% al oxi des

pr onoted wt ogen pronote al umi na. solid
super aci d i npssghabethinii@tiie Giiinylati8n Ataly@tandl or 11 transition netal
is ap<irticularly preferred catalyst or catalytic conponent. Illustrative

of suitable solid super AfcWith theemwticompanepd catalypbhbowsnlit haslisen aci ds

Aopl 1 eq. Cat al Juevoes A oren EiERedst 3 Etpiugdit iaBbB S ot noas

for their pr egﬁﬁﬁiéngﬁé,%M@Mﬂﬁn&?@ctefdoéta%ﬁmg%ffeﬁ?oﬁat‘h%”t Application 0
U. S. Patent 5, [

685 259 A2 an No. 80, 383, the scl osures of which are

i ncor por at ed tarkeinyligionehtalyehemplyedie step () adwivel ascompanddatd on

catal ysts and_catal ytic %g‘ﬁgonfntsﬁﬁre f)bt ‘ﬁ\i peﬁ when certain solid super
aci ds” such asTe@GHPsAn § PRY BefBRIP BRAFALOUNH PR BLE PRESEH N,y o

i npregnated w 8 / a ] : 4 her eof .
The wei ght p&%%ﬁ?ﬁtg‘p Heeé%ﬁcébe‘gm‘%‘% fly(;gaﬁélloﬁ ﬁkﬁ&g{%@kﬁ%&%gﬁ%d onto
G oup 4, 5 andépecidllywtadhalleifdeshe prodactienfof aretibavid.zero to about 10

wei ght percent or greater, .preferably frgom abqut Q.001 wei ght percent to
about 5 wei ght percent. P‘I“héﬁweweﬁ#&%ﬁtméﬁuﬁﬁé’gﬁhﬁpﬁ%‘f“éﬁe%? s i.e.,
MbG, ; and L oddb Sakd G . Nordl 7 jds can
range from ab%)%\{éﬁlh‘?‘ghg %@H%O&v?é’?lg [%prfe%(é%}lgggtgr%lg%eégggdf ﬁ,gqglrlo‘g erably from
about 10 wei ght. per cent to about 30 wei ght percent. The catal ysts

car bonyl at e net hanol, di nmet hyl ether, 17 J UL 2002 WD 991 38836

PCT/ US99102024 -23and net hyl ~actHgtt YO RENePB ngasziz0t he vapor phase
or in the liquid phase, e.g., as a slurry. .~g indicated above, no halides,
e.g., nmethyl iodide, are required in the quuﬁd or vapor phases of the
feedstock streans and/or recycle streans of the processes of this

i nvention, thus providing substantial econom© benefits in the design of
equi pnent to carry out the processes. It is understood that halides which
are fixed onto the catalyst or otherwise are an integral part of the

catal yst are pdieriess Roisean alkyleznoupdessed tofabiohit 42 carbohiatomsThaddReker r ed

solid super acids are base og G oup 4 netal oxides inpregnated with MJ or
W Thus) the fpwveregewrar s alkylgpew framd b abemildcarbas atgmssandi - h~ o,

Zr-W Zr-M, Hfyx V.. . i A xt.yr f Soxi.de uch _as
Zr-WTi or Ti -"Y}lﬁ\{géﬁl—tﬁ?gsagqé 121{?%%&'“% ?J 5(Isglll:‘é §'tl} 3r1£2§i28)é8§t'§ﬁ/§t‘gﬁeq’ﬁlﬁgsten
oxi de, nol ybdenumyexidie arefthe Whsiehedin 88y bsffieneReTpPa igadtieul feteddifgi um
oxi de super acids are also preferred. These solid super acids are expressed
as W3/ Zr Oz) e #s o2 leascthavOthevbasyhenr@f. casbon citeumsenf Raci ds of tungsten
oxide/tin oxide, titaniumoxide, it on oxide, or conposite oxide of at

| east two el enents selected anong tin, titaniumand iron are further
preferred. These solid super acids are expressed as W3/ SnQz, W3/ Ti Qz,
W3/ Fez03, WOg/ SnQZ-Ti Qz) V' Qy/ SnQZ_ Fe203) WOg/ Ti 02- Fe20g, and

W3/ SnQZ- Ti 02- FeZOg The solid super acids can serve as the support in
addition to serving as an integral part of the catalyst. A preferred

catal yst and catal yti c conponent consists of a manufactured solid super
acid pellet that i inpregnated by an appropriate Goup 7) 8 9) 10 and/or
11 metal . Supported catalysts are also useful in this invention. For

T I Y o — -



-241°1U UT Wprecur sass onto alumina, silica. various clays, etc., and
then tr ansfor wing (via calcination) the pr ecur sass 111tU a £HBRPR d
solid acid. This mater ial nmay then be inpregnated with thepg 9/E 023
10 and/or WP ¥E88. The Group 9 and 10 netals yield particularly active
catal ysts. The preferred Goup 9 and 10 netals are Ir, Pd and Pt. The solid
super acids inpregnated with a Goup 7, 8, 9) 10 andlor 11 netal can be
used separately or as a m xture and exhi bﬁ good selectivity and thernal
stability. Pd-ZrO-~-W0s is a preferred sotid super acid catalyst for use in
this invention. As indi CRhethAIMNRerdiivd'ddeABEREHBEAGhEDrbBAseR)Er 0gen_
or a feedstock containing hydrogen) e.g., synthesis gas, has an unexpected
stabi |l i zi ng efthecinwmtidreihedenegenreactsomkzontrotan be ropydsehited acadbHbwst and
al cohol carbonyl ation catal ytic conponent. as conpared to reactions in
whi ch only nethanol and carbon nonoxi de are present in the system Wile
not wi shing to be bound to ﬁl,y_'_pa'b? cu mechani smor theory, it is
bel i eved that the presenceX = hya gé?l play an inportant role in
generating an active al cohol carbonyl ation catal yst and al cohol
carbonyl ation catal ytic com§dHentHbyr mCAs>dRIdOFpert gb2Q over, i.e.,
hydr ogen atons mgrate (spill over) fromthe tal to the netal oxide
surface formng acidic sites when a carbonyl atji on occur s. This stabilizing
effect is par titular |y beneficial for alcohol carbonylation catal ysts and
al cohol carbonyl ation catal ytic conponents sudh as Zr O-- WO ~ i npregnat ed
with lowlevels Goup 7) 8, 9, 10 and/or 11 nmetals) e.g., Pd, Pt, Rh, Ir,
Ru, Re and Gs. Illustrative metals which pr onote this stabilizing effect
include G oupwherdin Ris a8 sAkdl goupehinhs 1 te.gbout A@, caPbon Pysis; amdRXilsur es
of Pd, Pt) Rh) Ir, Ru, OGs supported on Al1203 or Si O-~ physically m xed with
a Group 4 sol i Bvéuagsen axciniabad greap|frem. 1 to abayt 32 garbaaome 88d 38836 - 25
PCT/ US99/ 02024, The .ampunt _of thgd(op?n oS n.QtO nary. ovvlrzy Cry ti.(‘:r-lll ﬁnd shoul d
preferably be WRESHEURS AT MILEREHOT £ §Fi%nBaPt0 PRENRSF 240G 235 L WRER M  ect
on the het er ogRNEGUaNAlCAROhCALRAUIYIRLFHE BoEMcR NS oA D adt i@ reaction,
carbonyl ation catal yti c conponent. Suitable hydrogen partial pressures nmay
range, for exaapile isfonereshHthan ®h&np8mlgemfdae’ggnmombmitR.J000 prig or
greater, or from about 0,1 pri r less to about 4500 pri r greater, or
fromabout 0.1 prig or |Eé%get58g%g%dt§%‘?ﬁﬁ%€?‘3‘°8ﬁl b?’?a‘?’e‘?l.go‘ﬁv’ﬁr ogen may be
fed separat el yohiHelfs S PRNWLATEWH E TR hAY itk RdvaRbAGRIARD W th ot her
f eedst ock conponents, e.g., as synthesis gas or as part of a feed stream
from a separ at disadaantagessantbsice cheite nérnsmma parhienlar tefiematg peosskiis
super acids useful in this invention i.ngclude sulfuric acid-carried solid
super aci ds sUBHTALEARY EFQRATRIS gD P"@&Paﬁgﬂﬂﬂ%}'%?i%ﬂs cEagoDEGR el
typi cal exanpl f [ . O ' | be
o Ped (D) a0l £ P8 bl RatkalGRe wff of P CORARE AL ERFL S FRLAEERY 13
e.g., S04/ zirctine vefoeming resfdon.i Saeamneforintimg t3@déallynprodubesand
S04/ haf ni um oxj de, represented as S04/ 2zZr(Qz, $04/Ti 02, S04/Sn0~2 and
S04/ HF 02 r espebyfliegepn tqearbapanpprexidsngle w19 greatpethar phous 25:1. S04/ Fe
203. (3) S04/ sipli X3 SQlel ' : h Q7.

Pakfal oﬁ&&gfén 1%fbﬂn§1gg? ggen gﬂ)ﬁ%gg fﬁgéaéeo éxk%%l?% h}icﬁ)o en to

S04/ al um num oXi'de S0 super aci er’ category of
al cohol car bongh@ioromonakitleymibote a8a€los. Partial oxidation reforming of alkane is

9,

a controlled combustion reaction in which a feed stream of alkane
hydrocarbon, such as methane. and oxygen is introduced into a
combustion chamber. The combustion conditions are controlled to
selectively make the desired hydrogen-carbon monoxide ratio in the
feedstock. Steam reforming and partial oxidation of hydrocarbons are

well known processes and are described, for example, in Kirk-Othmer,



catal ytic conponents include heteropoly acids such as disclosed in U S
Pat ent Nos. 5,218, 140 and , 5, 330, 95;5, supra. Preferred heteropal l?l_chllﬂi
exhibit an acid strength of less than or equal to -1.0 (Ho 5 -1 J J
U L 2002 WwO%h38886 PCT/ US99/ 02024 -26preferably |ess than ofCEHE02§24
-5.0 (Ho <_ -5.0). Such al cohol carbonylation catalysts and catal ytic
conponents contain a pol yoxonetalate ion in which a netal, or m xture of
netals, selected fromGoups 4, 5, 6 and i metals is conplexed with a
ration froma member of Group 7, 8. 9. 10°¥&nd/or 11 netals. IViore

preferably this, al cohol,. carpenyl.atien catal yst. an tal yti onponent .
consists of a E’B‘ébﬁ}??d@ Og,e?‘iénéﬂjdﬁb?hri(ilo ’tgPu}tj)t ﬁ@ﬁlg%n{lﬁ%ﬁe@m th a
heteropol y aci dedihefs pMetbid §§wﬁicm%§-@ﬁﬁ&ﬁh}5rﬂéiddl§e1@ﬁ{ RerdBRipyed in the
processes of this invention. The preferred heteropoly acids are represented
by the fornmul ae: M ~ChO Gnwhy@ro@rbanavntaxtingdsed serezoh thiaecaneM i s at

| east one net al sel&caedg;r%m(%oglg 7, 8, .9, 10band/or 1%%%?@5 Qis one
or nore of a GFORPCUACAINELA[IDFABOHECAMPIESIRE CArPpiy IR SROXIAE| Y aRtragen.
bhosphor us.  ar SEmta e RAREE R R ehRR Rt or SobE SRS R ugfph3adie o ©

iI nt ege[ S hiavi NYry@sues oﬁ_t'ﬁ% imeaﬁ?]oﬁp%@leaiddl of Hg&(]gmfgleawl@e{rb%hghsitaingﬂet ry.

n particular, ~~ is an integer having a value o rom o abou or
greater, b is amthatregetiohzunags inthe wrengé of about 5001 b dui0,aefarabhemt er, c

is an integer having a value qof fro t o about, 6Q .or, greater, dis a
val ue havi ng atg'éll'ﬂgg%f’\fﬁll}’BH %Ofi)t%g]br{h' Boys; PERTEER P'.lnhh;%’e‘"*ﬁb%‘%‘i?fgﬂ?%l Y,

one such heter I ; E t -al ytic
conmponent is w{igﬁ%ﬁ% %\?\ﬁlelrf%?ﬁ%ﬁl%ﬂsrﬁ‘ %h &JS '@%ﬁ(@%ﬂ ggg{’ﬁ‘a&gf?a/ or 11
metal, or a combéthine)budnBueagrsd cGmpdsitidh emivary Hepentdahg onhbedtorpone or
nmore of Goup 4, 5 and/or 6 netals, e.g., tungsten, nolybdenum vanadi um
ni obi um chr onia@@ soureg), paphtha lwmﬁfﬁssg%gm,/ vRopum.-rpFishals,

tantalum Z is phosphor! anptimns.  silic rsenie. and O (s oxygen. A
nore pr efer ré’g’dg%ggﬁ’i %%’n}fﬁg’v{y%?onusa'é’gﬁ’&?'}g%%lg y‘_f%‘é F‘BR"%‘a‘PgP?st and
cat.aly tic corpapgming pritdss recyclP@tifdam¥hehar prdfereddmbddiment, 7. Ru
and conbi nations thereof, and Q1s tungsten or nol ybdenum :~ npst

preferred embodnegmnadicanthescanverbed interfeeddompanendacammtisiagtachonl yti c
conponent is MN> >PR m c¥]\‘8er ein 1-~| is tIr, . Ru, R%g%}gﬂg onbi na;igns
thereof . Ot her "BPRYEPSANGHEY LTSS §-%ic PERISSET B fHor B OREh 4% Pe
andl or an al kalg)yehah S8k tfob Qﬁﬁﬁﬁﬂe, Peafell@'MRR! Y acids are expressed
as HgPl Vf 12040 and HgxAxPl ~' "12040 wherein Ais an alkali metal (sodium
pot assi um rubi di um and/Beedste¢ckngorapdising saetay sduoxnde baldoy dogérx<3) .
Illustrative of suitahl e.heteropol‘%/ (?ci ds i ni:I ude those pgr.n‘i i@i bl e

R FRe,

het er opol y aci fs8olEEBIR4RE 8%y MAXFRAIBOR UFHICAHAN 1K U Adojany
Organi ¢ Reacti u I I, k.ab ; 90 Qika, VCH
Publ i shers | ncq%ﬁiggg)éogg%r ?Brcll?éﬁglrn tuse lu%e%%oﬁfot?ﬂggrq%%ﬁgh on catal ysts
i ncl ude cl ays. symhesisgpasadmmld deusssantiallyufrpeof cafadyst peisahne ahnd

carbonyl ati on catal ysts. Pref ic]rred clays, exhibit an acid strength of | ess
than or equal tighibitersswchas hydrggenpakides sayborelsulfids. sretadgarbonyls,s
(Ho 5 -5.0). The i.gh [ of . 7 , andl or tal s that
may be | npregna%’ggggog} ‘E‘)a%%zﬁ@z%‘gn&rc gﬁglé'&)‘%br%‘ﬁia%‘g‘ﬁ? &rglélr’ %i[sbé%]%ﬁglo wei ght .
percent, prefergphpodndiNed@ouictByPamitRi L1 efleylcaRind, b ebheal AR -
percent. Clay is a label applied to a generic class of materials conprised
of layers of alewmposids thatewili meutraditecan iagidr Santhéwn gasgmudfieation n genes
al, the layer s have an over 1 negative char. whi ch J s pal anced by
hydrat ed cat i on’?aé’ﬁ??u‘fﬂﬁrﬁie?w:%yH’@%W%i‘%é‘%hﬁé‘r c P8Pt IPTEXagiRles” can
be nodi fied by - I To) gl [ r | : . - acl di fynaf

cl ays ori gi nat e?élqél:l@t? eeli U}\égggi%ﬁ%\@ﬁ’ Irﬁ%“gf% %%6§%gb§ggg%%xna’
PCT/ US99/ 02024 Re¥izud faackESteridd Edition ar@d3 rgpn ¥Re1i ntercal at ed cati ons.

| on oxchange with suitable large inorganic cations leads to pillared clays,
whi ch can be potential shape selective cattily sts. Prefers ed pillared

cl ays have increased surface areas and thermal stability. Careful selection
of rations for clay ion exchange can lead to pillared clays wth |arge well
defi ned spaces between | ayers (referred to as galleries), that can be
useful as selective catalysts. Suitable clays useful in this invention
include, for exanple, nontnor illonite, bentonite, kaolinite, and the I|ike.
including m xtur es thereof. Illustrative of suitable clays include those
perm ssi ble clays described in "Zeolite) Cay, and Heteropolyl Acid in
Organi ¢ Reactions”, by Yusuke |Izum , Kazuo Urabe and | VI akato Onaka, VCH
Publ i shers Inc., 1992, supra.




Still other useful alcohol carbonylation catalysts include nol ecul ar sieves
of the zeolitic vas iety, i.e., zeolites, and nolecular sieves of M‘E?UUZ
non-zeolitic variety, i.e., nolecular sieves. Prefers ed zeolites an

nol ecul ar WQ99E88¥xhi bit an acid strength of |ess than or ed§dV¥98%2%40 (Ho
< -1.0), preferably less than or edual t.o -0.0 (Ho <_ 5.0). The wei ght
percent of Goup 7, 8, 9, 10 and/or 11 netals that may be inpregnated onto
zeol ites and nol ecul ar sieves can range f{é)m about zero to about 10 wei ght
percent, preferably from about 0.001 wei grit” per cent to about 5 weight per
cent. Illustr ative zeol+# AUS: [ RN o [ L an. el ude, exanpl e,
LZ-10, LZ-20, 4A, 5A) 13?,}’83’0’5?‘%{‘%, fe%@@!n%gﬁ%ﬁ&%%a%} e‘tﬁ%f%ﬂ%%;i te,

| evyni te, gi sreadidican®kbpmidte reaodelenibodiaitaltsideeribo@ belivw ale Mk Mot one,
mor denite, epistilbite, heulandite, stilbite, edingtonite, nesolite,
natrolite, scotawiondy criimadamidiean be enstedfective repgiion contdjophsnfficpsitt e,
the ZSM's (ZSM 5 _%|SM 20,, ZSM 12, . and ZSM 34) , a(ﬂ,d %hgl i ke, including

mi xtures t her d9ProdUCE &t dapshane ey eatery agdy pejdapRydridg tig mixtures

di sclosed in =1 . Q9] : 1S o Pat ent
Nos. 3. 700 aaberEoh bbb At et R e IR g e

di scl osur es ofcosipeimisechdtaeenpehiéwaghachicathl st sélcanet, activitst rati ve

mol ecul ar sieves useful in this invention include, for exanple, the silica
mol ecul ar si evidieting@pdagase; efioparabditysas melbas gapintraesic yeastsyitpaf éhe Nos.
4,061, 7Z4 and 4,073,865 the .disclosur: Wich. ar incorpor ated herein
by refer once:éﬁlﬁéﬁg %F%‘éﬁﬁéfi ES ees\?fé% %@%%?\g@r\blﬁ% é)f?}ﬁ?/g%ﬁtg‘hg! ncl ude
crystal [ i ne n g@eahLPsnARhe AekdedSeg¥BoR progact fttheed chR®E@nditohdle
presence of al um nophosphate in the framework of the crystal structures,

e.g., those conmonly knowmoby embsodionetyefsg hSaROention] dedidtoBABON prBARY,
Nl i LAPO, CoAPQ, ZAPQO ~l e APSQO,. FAPSO), .1VI APSO, Nh. =PSO, CoAPSO ZAPSQO,
El APO, ELAPSO ﬁ}fddw%efp P@?r rate of Eﬁ@&ﬂ ig el 49 & HURLLYCAGOT AL Al ecul ar

sieves are des(éfditggflied Qe SXATRE ?e%ét'?oﬁJisScm@?éc?%t iﬂ\lﬁ%efxétialf) izZanglv%a ;

4,440,871, 4,5 4,554,143 and 4, 310, 440, the disclosures of ich are
i ncor por at ed hevetirollby condgicenad. tehiyeracatd d1ed passburelinchlegrresée woeest a
preferably have a_pore size greajer, than about 5 Angstromunits_and | ess
than about 10 $HGdY§icin GVest the ledsiagkinga PRe O MOR P ERenakas dbSut 8

Angstrom uni tséex%pgraﬁ%@ iHrtﬁfa TEAGidn Qsﬁéé"?begelﬁpé%‘dtQ-ém%}?é"Paﬁé?e%?frﬁmES .
Angstromunits. course the zeolrtes and nolecular sieves nay contain
mesoand macr o- gbses 1D go whb it 506° Q) pfeferabdy poteengdi1aeare M shelr2sg®bf
zeolites and nol ecul ar sieves may be enployed in the processes of this

i nvention. 111 ﬁsrmatobueléﬂ°@mb@bbué4ﬁ)@g& wath an@snetiedyipnefeiredes i ncl ude

those perm ssible zeolites and nol equl ar sieve_naterials ihed in
"Zeolite) O ay,telaﬁarfﬁé‘trérlﬁﬁgFﬁaﬂg?(?%:il’f?n@)a Qélﬁﬁdggl?{éef{?ta\%r\’é%%%%? 1+ B gRe

| zum , liazuo {rabe and yoR i.shers: c 1992, sups a.
17 J U L 2002 b\lf)ugg/%@%@ﬁ@%gﬁggggisatg%la@%é’%e%? shove, the
catal ysts and gsidakydl/Br/tioepenaithiy?) phbdiagithyenih eRe M8Xcthen dénéd bagd with
or wthout support. However, when a support is enployed, the catal yst can

be produced byvaepsignifingntifedenandipgiuponoremeiy of farctorresecpparforei t her
separately or in conbinati.on. The.support can be | ect f.roze the group
of ol 11 ca. ganReEIm HRchpPieanRai oo ot ion G i Fidireck 883 aurydh ang
activated carbqaq @hbhredbabdBeinRRAL. t ThERYHBY MafHe nhfirf8RtId Pegdnper ein,
certain Supports such as clays may al so be enployed as the ~11CUL1U " ca
rbonyl ati on catate/ni the ramgabifrom sbowohéntbott BOX¥0hrdmrasbtre supports in

whi ch a high surface, are upport i s deposited, over a | ower surface area
support nay al §69f9éah]§’e%[ﬁl%ﬁénémt%‘%“éga?éé'a&? Ofﬁéi‘salﬁﬁ&ouit 5@85§"n6{1dappear

to be critical 1. obalnhig JilldanahidifeRlac el ut1bhoni dofs. supports
within a W|de_ range of “surtace areas, e.g., a east abou Square neter
per gramor higher (as derigs pidedrd¥n Bhd birsdleykdction zZbhie mdNBe Gelcky®t may
be present in the reactor in any of a variety of fornms. It may be present

as a physical dhmxtherange dfifenm adfougdcte afoutht0,080 aisig.ipreferaplinent s, a

uni form catal yst prepared by known co-precipitation techni ques, continuous
or discontinuous portions or |ayers of the different conponents i npregnated
into or coated on a support, or as staggered, alternating or, sinply,
distinct portions of the different conponents placed within the reactor.
Conventional inpregnation procedures can be used in instances in which the
catalyst is inpregnated into a support. The inpregnation process can be as
sinple as contacting the support. with <~ solution containing both )
conponents or separ ate solutions each containing one conponent, followed
b~T heating the coated support. to a tenperature and for a period of tine

o o oy PANNLNLS VASS ST NSNS Ss NANT I L ISNINNA P NN NLYN A



The use of heterogeneous al cohol carbony |ation catalysts or al ot\ﬂl
carbonyl ation catal ytic conponents as described herein perm t s 1t @gz:ti on
to proceagowosh@gt the addition of an iodide pronmoter, suchrcasusdegrszézaand/ or
H which are highly corrosive) necessitate the use of expensive corrosion
resistant materials of construction and require extensive separation
procedures to renove the iodide fromthe product stream For the

nmul ti conponent catal ysts of this inventipq, the weight ratio of the al cohol
synt hesis catal ytic conponent to the al cohol car bonylation catalytic
conponent pr ggesswiennt the watg ofsfhroshobbat H@ tewbout R0 heiglesithech pr oduct
streamis produced.,, The weight ratio mi‘}/ vary fromabout 70;1 to 1:70) with
an especi al | #SBFOAU GG ERTCTSHeg voiHe Faade ehirary abeut 5ABSAeRONt bel ng
about 10:1 t ; ol N LfiCorati AR .upon such
factor s as %h(lc)aoét tS }’Vl?{}égﬁ?ré%‘%&‘:@ I v“lq}r;i}sgﬁﬁ éﬁgﬁm&é‘gﬁﬁﬁ@%@%ﬁlﬁnem, t he
reaction conghbuddbe sulfficidasits edaplothichroduicasn 60oROsE he¥e etc. and can
readily be determi ned by one skilled in the art fromroutine

exper i ment at io¥ygenatast h‘éddléwaﬂhgsthp&mdrdednhen'eiarh.pressnme&f}mﬂé@@ 17 J UL

2002 PCT/ US99/ 02024 -32 The cesses and,catalysts of this j.nvention
enabl e the pl*qb‘gﬁ@tein&ﬁo 6?1P6’{§/8{é’?¥5ﬁé§t18{1 t@&%ﬁer%ﬁ'llb\ény@&bql} B?Fajﬁlés. In the
enbodi nent [ &80 j =2 S E e l ecLeaction
zone, the C\é\{&g st cgh;}gr\%%{%i%éaﬁyge 'ﬂ/g’r %I?éslglslfssg%%)é%%l}ﬁo eéffl(gclti on
rat.e~. |n th&asmpledhoanabaht 0H psigl ayRsanoalbeabdOMRypEipesigeatdabyst in a

first reaction vessel and a carbonylation catalyst in a second reaction
vessel , the thipmcahantyQdPsigar less\igrakants4pQ psig egreaser.raagemonbeat es.

Reaction rat r.an an..r r dtical and efer..ably are at |east
about 0.5 poﬁosiai%g Ob?%Sétr}gtdbﬁ)élgvﬁc%ooﬁﬁﬂgoodtglc?’ra% it Q?%%tt‘ablg? %‘65 (0.5 Ib/ft3
cat/hr) and rfﬁbﬁpﬂﬂ%ﬁﬁﬁ‘ﬂﬁil)ﬁr@ésdl%@%af‘fiﬁﬁge1fd} dxhp R, Eh Hboullte1

particular reaction rates will be governe by the best conpronise between
achi evi ng hi gisig ardesssto skdwdcd000 pyig 1 gestater, anlopaskowf Odpesighirllesy, as
wel | as the intrinsi eactivit f the starti terials and the
stability of OrPatAAltesEararater. SrarPRAREY-dP Ve REIFHIGRRRRct (o ¢ he
reacti on condigPpsic FFklcAedy. HNArOEAL 8RS BB Rk e a0 Thel fAhS | Nvention
enabl e the pr oduc??lgn ll(#l oxylgengt éséafgdesidrlab e se elctéinéfl’tgibeesgal n the
enbodi nent wheplaratgly sy tha smgleireantpornenin canbirgsion,re.g.. sknghesis gast i on

zone, the catal yst conpgnent canmge vari ed agi as to control product
te

selectivities. In the enb88?P pdiment, phHisgrvantignor hopntheesi s
catal yst in afikSitnd | P MESSE n L. i Latal.ysty Lo a
second react i‘bl%b%(zlspslgﬁ?ﬁ%%f%d\kg&?a%% ;‘/’g{ @0@5 Qﬁ’?&%&?%& ‘g% %Ll¥feéi J(’:‘gltnt r ol
product sel ecini saptarate ré2aibuctessel et feedsiork @mprieingthie desvryd eolati cal
and preferably are_at |east about 25 ger cent and nore preferably at |east

about 50 per cé@to of Hef(eO geded tythe alrebol predugingiieagiagratse captiofiedi es wi | |

be gover ned by b PAR nEAIREATAEBAIRSD AUILRHNTolE WA ANRed .

activity, i fetT e ancf edse of “open

activity of tdésditiohs of bempeifurk Arfd presshfe InWhe pde8enddR PP c3BABEL to
PCT/ U599/ 02024 -33and the stability of the starting materials and the
desired react¢anveyt bk feedstockhinte eaet dromore mdialicdssethres @rbey adeuhols

purification of ,desired Qroduct / be.acconplished.by a appropriate
means. The dedhd Bsprinheredty et foartions GRS CaricdoBbd¥ed i n anv
conventional fHNAGHIA MEhodE KYWh SERAE 3RS Bel! fGSRAADION 0MeteARY be
enpl oyed in any given process to recover the desired r eaction product from
its cr ude rehoti 5189(208iahd 566,800 Teppredudnstasdinmyitihigadie sloohst hods

i nclude, for exanple, distillatjon, phase separation, extraction,
abSUrpt| U |, ¥eactemmaysthenche ?erde%ﬂ&h%ﬁr vlatppueactor#ia spnirliedhe | ke.

mor e rocycl e HiscuihACFeRRBRERTE R ) B p HEGRLR 2R bl Lok 1

enpl oyed as appropriate. For exanple) as depicted in Figure 1, the gaseous
and liquid residuals are renoved fromthe refining unit 12 via line 16 and
recycled to the reactor 8 via lines 16 and 18 and/or to the refornmer unit 4
vial lines 16 and 20. Al so, as depicted in Figure 2, the gaseous and liquid
residuals are renoved fiomthe refining unit 13 via line 16 and recycled to
the reactor 8 via lines 16 and 18 andlor to the reformer unit. 4 via |lines
16 and 20. The follow ng nore detailed description of preferred enbodi nents
of this invention, the production of acetic acid in a onereactor and

t wo-reactor processes, is not intended to limt the scope of the invention
in any respect. as the processes and catalysts may be utilized for the
manuf acture of other acids, esters, anhydrides and m xtures thereof using

o Y Y I D T S



enbodi nent of this invention, a one-reactor process for the prepay ation
17 J UL 2002 WO 99/ 38836 PCT/ US99/ 02024 -340f acetic acid fromg JUL 2007
h~' dl ' UCar hoal | d streamis shown. The hydl' OCalbU 1 feed I }
supplied tg/?)a?s’@g@gt hesis gas generation unit. 4, via line 2 %3%2%1034
synthesis gas conprising a m xture of hydrogen and carbon nonoxide is
generated and provides the feedstock to the reactor. The feedstock gas
exits the synthesis gas generation unit vj@ line G and enters the reactor
8. The reactor, containing a catalyst conprising all al cohU s~-nthesis
catal yti c conpgagftiomdf @5 1ee0e¢ aadrhesyhal irnthe pidlevick GfaomaRAtas 1S
mai nt ai ned at pre-selected reaction conditions of tenmperature and pressure
so that. a vapgﬁrmldals@ema@&D@Yﬁlttetlk@sfepﬂ%i@ekilntﬁ/\hh@hrtnh@'ef@emctk&gas is
converted to oxygenat es,Trm?t r efer abl%ﬁc‘on ai Qi’n}%} a lar.ge fi~~ction of
acetic acid. The product!R§ @Qﬁfr?wrﬁdge LArRPRY IR L4 2RG r 8 vi a
line 10 and e ref ki, i . it . I LB
condensed to %tggﬁ%%@gfgﬁéﬁgggngﬁgtfgﬁq% &g@sg%f%&ﬁéﬁonﬁgggﬁlkﬁps
control | ed so g {tghperatues s thé irh8geof Gisrh Sibong 188BEN0I Adut 400°acedikg acid
is removed fromthe refining unit via line 14 and recovered essentially
free of estergn aspjocthliypsefearedl timperasre hetbofranghef Jemaabouand seCqui d
residuals are renoved fromthe refining unit via line 1G and recycled to
the reactor 8 teiabouted°Ce Bhrizas hemalospacs alecite(GrieyY) ofithe feeditocki nes
16 and 20. In Figure 2, which is a sinpljifjed flow diagram of an enbodi nent
of this inventd:lé :S%ffé@\il)s-tPé]é}i‘t‘@Fteﬂir‘EGg‘g@yﬁgrp*’t%én%F‘gff&’r%hF of acetic acid
froma_hydr ocarang, { Refrsduefil srhotivafy BYAEAEAIAONALSEtRE SN 4 S

in Brein a

supplied to a synthesis gas generation uni't, 4, via
synthesi s gas vemigyi fifagtos Buxh wse faf extydphg enaaticn eanditions) BoXipdeiticn
generated and provi des the feedstock to the al cohal nt hesi s reactor. The

s
feedstock gas @hthedeedigosk apreayantytis agddypact satalst ﬁﬂ% vsefe Bhand enters
t he al cohol sy@i@s% n rb%%%a?ﬁta@fx?&_ ng aglé/ﬁfaqglin the rr]ﬂ%grlcogﬁ%?’%ga%ﬁ't\{\ﬁe 1o/ 38836

PCT/ US99/ 020247 -"35synt hesi' s react or, arnrng-a cot IS
catal ~' st is nEiditaB01000RE ! ¥ fhrove! grdfesalloasill be refRdhindst 8frat€bPet at ure
and pressure so that a vapor phase reaction takes place in which the
f eedst ock gas leastabeet 8Q0hx b 2l moaremrferehbamillihy mairtainedwsta yatefodr abl y

containing a |large. hon of ..net hangl aor dinethyl ether. The ct.
stream in gas"'gto@?‘s; E?ﬁoméxi't llf%‘@mlgeglé? .gllquéa 5:831%? ﬂ%dcfovezl?‘flgv gﬁ{{g{? a
carbonyl ati on gfadetfabddtbck PARsHAY AR {HReaiBBAYRItior PEY@IdH Héhé@a2! cohol
carbonyl ation catalyst, is naintained at preselected reaction conditions of

t enper at ur e ancayyr ggsifi@ndly, tdependingpponphusseteat faabors sikadsaplface in
whi ch the al cohql -containing fe ].gstock S conver{.ﬁg teo oxa/cﬂ;gna es, nost
preferably contHMPif rgagt 80’?‘? lf’tnrsoﬁoﬁ‘fpoﬁ’éé(frm § {pedst _Nﬁé/ﬂuéeé’ctéite.
The product stjeamyyé Bf SA2SAUSHEIAEMsedX TRe L'PPSV%Cth@fne%&to‘{-'xghéﬁ@Ié‘e 12 and

enters a refining unit 13, wherein the product streamis condensed to form
a gas phase anfited ikivaporizpé paeor thhenteeingonyitnnt theayeastoicmayrmnged so t hat

ol o it B ot 0.0 1 e B Opsafernht fort about OB Grapont
anhydri des, angyfi xt 4,65 11R&F gﬁa-Lﬁgv g&%@gugﬁgfhgmé gwggu{tgo%itag&%ﬁ are

renmoved fromthe refining uni via l'ine ecyc e reactor 8
via lines 16 asghel8eaitd dltolisl Ak niict @ramtheusdfticd toithel darbentatiid 20. As
shown in Figure 2, the carbonylation reaction can be carried out by passing
t he substr atereastée carbonyl ated and s~~nthesi 5 gas over the catalyst as a
vapor phase reaction or a liguid. phase neaction e.g., a slurr

reaction. As shown in Fij@?é”f?gﬁﬁiﬂgﬂ%ﬁc%gﬁn idVB?ﬁﬁagPﬁ"§PP%“%§yP8eding
synthesis gas £QeaeMfbA e RINALSE OnF aboht/ $ho bkl i19,660/pkgd to the
carbon y lation catalyst either in the sanme or different reactors. If
desired, eithepreferdldpal presgnrdasithe gangerof fath about 5D tb 4bdut2R0R0\WBig,

99| 38836 PCT/ US99/ 02024 -36can ge ohtained froma different source and fed
directly to th¥iEhppssposiallygpredenrs y&tessww@m@%geso 9B} abaat YPP KO r ef er
once to Figur es 1 and 2 may be a tube and shell design reactors, wherein
the catalyst. is a fixed bed catalyst and the reaction takes place in the
vapor phase. O her types of reactions and, correspondingly, reactors that
can be used include a fluidized bed) where the solid catal yst systemis
fluidized by the incom ng gas stream a slurry reactor where the catal yst
is insoluble in the reaction nedia, or a bubble colum reactor. Wen acetic
acid is the desired product, it will be the nost core osive conponent in
the reactor so the material of construction for the reactor need only be
stainless steel, a relatively inexpensive material as conpared to the

o, . e o o . e e~ .



17 J UL 2002 WO 991 38836 PCT/ US99/ 02024 -37acid, this invention, as

descri bed heretofore, is capable of producing any of a variet~angdjo0?
conbi nati on of oxygenates. A plurality of dual catalyst bed y
enpl oyed MQ ¥°P883r actice of this invention. Likew se, a pl uFéf@Séf%{)zﬁzm
separate reactors for steps (a) and (b) descri bed above may enpl oyed in any
perm ssi bl e conbi nati on. The processes of this invention nmay be carried out
using) for exanple; a fixed bed reactor, @ fluid bed reactor) a continuous
stirred tank reactor (CSTR) or a sl urry'} actor. The optinum size and shape
of the catal {3, hbo JSRENPhbi ArbBE rh¥RExiAE JoaRe Preksind s eral, for
fluid bed reaibioglrs,’ a g)ma&lel sp(“hérl&gal catlal Jgt paltitrie(g:l‘%"gl iEHdSlrlg grred for
easy fl ui di zahifficien¥itd Iperindiedhbeadacas vtk an alcghol, @ahet. \wshepaldohol es ar e
preferred so the back pressure within the reactor is keg\t reasonably | ow.
The processednbftures shexepd te psaduemone o sheisceawenttas bdhehwirogent i nuous
fashion, with recycle of unco med starting mater .ials if required. The
reaction can %‘é%{%r’i’dﬁﬁlgﬁ‘? mga&fen%ﬁ Jc}%g:ctto%ﬂpaﬁﬁkgaﬁ}hzraﬁugx cft}?eal ity of
reaction Z0nGGhbyReidiPeatdlyar) NA{RFABYe Wy drbgdPpabBal pRALGEEIRAL Chwi se
or continuously In an elongated tubul ~ir zone or series of such zdnes. The
mat eri al s of ramget farobizonpEyitapedhmitdull ¢ sbe o hesst tot dbdttedOBA psiigadrs pr esent
during the reaction and the fabrication _of the eckuziégmant_ shoul d he able to
wi t hst and t heBTeatR 0% rqr@rﬁﬁwtaﬁ-am%& o Aessptasakont 4200 psig engreater.iax r
oduce and/ or U tity.0 rii | o edients

i ntroduced baf?%wﬁs%&tr(ﬁ' 12‘%;52?iohl%ﬁbsioy%’?\?%é?ﬁ%?rggé% g%%at%'néﬂgé?l?lglg‘l%t he
course of thearbafitrhORokide RartidPiresd @is! M aytrianige efbyi dkdnhgle) fREE 2H0Rt
especially to maintain the desired nolar ratio of the starting materials.
The reacti on Giqusg erleshio ahewic9Q0 byig oegrerteemaniram abet 0drpwg ogne of

Lo nad by S i pRb 49051580 Shinhoy s abSRELPPORET oA U5
addi tion of the,glBId0 Peig N Sfdadbs. HydtoBER aHRIP! l@il%oﬁ%\ﬁﬁbﬁidéﬂﬂd et

desir ed or not obtalnable, tThe starting mater 1als can be separa

t he product died selparastedy ttorihemarbonghasidresractecyriredombikationce.ghas
re~~ction zone. For, purposes of tPi i pvention, the chenmi cal elenents are

i dentified i rYAREEPFHATONE RATHE 1»2?@«83?1@%@10@@@%%@ EFRAP% 28 epr oduced
in "Haw ey's Aem L1 bt d.0n) | sed by

Ri chard J. Le‘%&gﬁ%ﬁ%l\%ﬁm&gg P%“ﬁg‘%ﬁ%’|°81‘é§h%a‘§§?ﬁi@v°f%§¥ ©1993. The
fol | owi ng exampivestal mtorfeed doth jometi¢sroosipridi agtcaebom exgendidel aadvant ages,
uni queness and superior ity of the invention as conpared to the prior art.
Exanple 1 Theh}"é%ﬁglepoﬁ-%y%‘f‘@%eéﬁéﬁl%ts of a feed system a fixed bed
reactor, and an on-Iline I Jhe . I.S . fi. hi. .
tenperature and high prggg r“é‘égé%%% ‘lngﬁixlé%ﬁghg’ ?g-ie)%)gg%lgﬁg%&éggsﬁfﬁ?esi S
gas feedst ockyélgcity wisichiashedatbodggh flow acti Wed edtalasthon ikr ap to renove
nmetal carbonyl contam nants. The purified feedstock then passes through a
mass flow netdetexminedthy divédingathe welumu ef Bas éat 25%e amdaﬁﬂtmnsmlwsz)i s
stainless steel .and is heated with an.air fluidjz sand bat The gas

ot otuct ot r eaiGl PRI Be AR AR Anq hPSF b LA KON TEA ect | o

equi pped with hEGhi Vi ' e WY B of f gas
sanpl es that %%t\gl%%él%gy %Snﬁi“%@/g?}‘g?%?%g ‘{g%édlgﬂwgir%%ﬂg g%%%%%a%l?%ped wth
two det ect or sthdliguM-orgdificaubst¥ate iafed sephe ahelbbrpyiatiohQ'epctdrs It 1801 100
Car bosi eve S-2 colum purchased from Supel co and detected hy thermnal
conduct i vi t y. determyngd hycdiyadingthe Bauiq webime pusnped ipone tagr bysther 00
Tenax col um 17 J %J é aﬁgg‘fz WO 991 38836 PCTI US99102024 - 390bt ai ned from

~l Itech and d?é?lé‘é{‘%(? ﬁ? ‘ame ionization. argon is used as the carrier
gas for both colums. reagdQrbonleatiess rbhétibn CRANMBEChrMdd oWy basdigds
followed b~ 1.0 gram of a Cu-Zn oxi de nethanol synthesis catalytic
conponent ( Unthedulsirate st bdlearBasylagid tanadt carhan hohéxidiexset optitn2llgr ans of

gquartz beads._ This catal ytic conponent was r%duced at, 2 70C ii"l a.
5044z 195%\~~ shyarpgaiever the satalyst as a vapor phase reaction or as a hquid



As the heterogeneous al cohol car bonyl ation catalytic conponent an iridium
and pal | adi um exchanged H:.; V4' ~z PO-r~ heteropoly acid catal yti c‘ﬁggpgmnt
was used. The conponent was prepared by the procedure described - S.

Pat ent No.W9,99888%p. as fol | ows: Pd(NOs)z (0.23 gr ans) and PIGTS89/83924
(0.37 gr ans) wer a added to 50 mlliliters of degassed nethanol under Nz
in a Schlenk flask and stirred for 0.5 hour. Next, H SWZPO ,o (6.50 gramns)
was added and the m xture was stirred for_an additional 1 hour. Activated
Grade 12 silica gel (SiO-~) was added antl %-he sl urry stirred for 4 hours.
The net hanol s, .then. .t d af..80C, under cuum.. 5-ielding |rPd-H ~Wi
~aPO. , n- Si O~~%ﬁﬁ%rsl%gé{]§%¥'§é ”gglrrlgolgéélﬁp% asﬂégggﬁﬁlﬁ?ﬁ 3“/0’{1%1"" n

conposi tion repaii@defn, EXaTPAIRoHD ¥ miktareFahedofNan be B3HheAonLityher e
the mole r atio of M1:M:Hi~~" ~ ~~PO ,n is approximately 1:1:Z with M
bei ng iri di umbani@geingdeymihestd fasiiauan afheopeiade oatalybethsisepepkd tand 2. 069
grans of Ir-Pd H ; W~>PO.-Si O, m xed wth grans of .quartz beads s added
to CuZn oxi dethﬁt"ﬁ\éﬁ‘c}?y]@é’coéll ‘iﬂtf‘g’%@m'e‘ﬁtt enSqIRE or differsnt reggtargadfor t ube
was then conn t | S Centhre. ) ushed
with nitr ogen?ﬁ%‘ﬁ%df gg@?%%%@?%?ég%éﬁéégﬁﬁpgﬁ &a“g%ﬂ}{ etg hs:t%@% ﬁ‘{eﬂ ?%com’ ng
synt hesi s gas obitafriedclroirag tdeffefdrt dourdd agdtfalydirectly fo/the shrboR9REi0MD

991 38836 PCTNS99/ 02024 - 40conponent, and then the reaction stream contacted
the Ir-PdH. ; ~catalyst i o- Si O~~. The reaction zone was maintained at. a

uni form tenperature of ut . 235C and a.unifqrm pressure of .about 1000 prig
with the Synthesis gas ra{gg? ﬁéwiwﬁﬁﬂ? Sfﬁz‘ilX?rbgﬁ‘lﬁ'BﬁBﬁ?HbthﬁﬁPar rati o of
1:1. The GHSV Qkalif &rh oRtt fsad 18 Qed BRoh SRR ofRso SRRYshb -frAE g%u S

hours of reaction a sanple of the reaction nmenstruum was anal yze

anal ysi s showsdhichenchridem (monldeilidend/onneetsil pronatedbDbed.-basaind t he
reaction product distrihution = 15.19% CzHc; = 4.1% CH ;CH =
@.1% and CHIMRHALs, i@.é%“ﬁﬁggcg{iﬂ ?‘§fi}%h151 mEtals. pEpPPoredite over the
test period of ﬁlﬁ A B -witRSrSk 8Rb i e, ; |81 ng
because the he‘% er ygg%{%dt}‘él al 5ohg‘lk"bi:‘5?‘%%t%3af“ a‘%llit%trlllal%:%(t)?l g?t%éétj%ﬂ%%ﬁnd

si gni fi cant!y retadtoxideedf EbteerNBwiduCa whdnoowhshomthativdleanahetai bom
nonoxi de were fed to._the reactor. The &)re,sence of hydrogen and carbon
monoxi de in t FFenallepl pyomgters. ppdrd) pHatueassidiereel anAa srroRfaroBy

increase int jhity of . i | co | | at |on

catal ytic corrpng}r}glch 6‘?‘5%%%813&‘1#;%13}455{?{ g@%ﬁgﬁgﬁg p%oﬁ}&ggﬁ}%%ﬂ%g .b,ochar bon
catal yst was pepZndMn@sOf M) Abali Del/dsItal Prdhodé @MRYZAOMmbEHals, SH-~0
(0.37 grans) were added to 50 mlliliters of de%assed nmet hanol under N~~ in

a Schl enk fl agkndiffl miituresitheyeod mdmirtungsxafl thefst apd segondgsoups.ans)

was added and -t he mxtupne ) i.rred for anm addity I 1 hour. Activated
Carbon (3. 00 grianerariyy b MBERSh s des  fa Mol AR s PR P oG
for 4 hours. ThenpRidianglseVages o 3h &g AN0sd EaBi@s fiisedZBRmerdanpon was

recover ed. 17 J U L 2002 WO 99/ 38836 PCT/ US99/ 02024 -41 2.002 grams of
| r-Pd-H; ; Vf, zROsmaBenbethan feomrayeynthesis gas,rehidhoaresighde develededn

Exanple 1 and th t] ied out simil Exanp| t, 235C and
1000 pri g w t 18 toeR Aty R GRlerehntite RpPwrEiThfe pailars) Cipalc *"

reaction menstEuumopesitRBaL A’;}ﬁ%) Ehy ;ﬁ@aé(j))i‘%h nefawehd ﬂz s@b@ﬂ%d% A;ﬂe

conversi on was about 7% and e product distribution wa
CzH,; _ ?.7% THOHarndl. 104medalk. CtheeQiktaty 3. gb¥er beampt kearol. flom a
Ir-Pd-Cs-H.; WzPQO,i o, cat al yst was prepared as foll ows.
synthesis gas according to the following reaction:
2H, + CO < CH3;0H
Alcohol synthesis catalysts or alcohol synthesis catalytic
components that typically generate from synthesis gas an Anderson-

Schultz-Flory product distribution of linear alcohols include (a) alkali



PAd(NO i)z (0.23 granms) and IrCa 3HzO (0.3 r grans) were added to 50

mlilliliters of degassed met hanol under N~~ in a Schlenk flask aﬂdJU;LtZ[]ﬂ?r ed
for 0.5 hour. Next, H; '~ ~zPO'~ (6.50 grans) was added acdg ,}/pg @}x ure
was stirr¥@PE88%n additional 4 hours. After this time Cscd VP érams)

was added and within 2 mnutes a precipitate formed. This m xture was
stirred for 16 hours after which the nmethanol was renoved by vacuum and a
gray powder (lr-Pd-Cs-H. ;V~' ~zPO io0) was,dgecovered. 2.001 grans of

I r-Pd-Cs-H,; W~PQu~ was charged to the F]e%ct or, in the absence of a

support, as i BXROR! 3, 0 r ke imlar
to Exanpl e 1@2?9%139%@3%3}31 00 BEIV%SWT!?NEH%Q%%]S gb) A§O‘§?W1§ go‘ﬁ*r&s/of)f

reacti on a sdbphetals, wheh peaathount nensl proomotas anbhlzdd. ailh &) anbleylsi s

showed t he car bon rmnoxgiczie conver Si on was, about fi % and the product
di st ri but i on Meislorpdes epCgay auu,i Gu, gridhporomidonta Yavalppt anetadipn 0cooH =

15. 9% Exanpl e 9 388 } ~~ ) ~' ~. ~PO
1598 o< ey WA BB TR b R LR et it s

di ssol ved in gegemd hhb&ﬁhko%lsdﬁ-eﬁﬁmmmga%m&ﬂﬁg tbtthé/f@u@mco (G 50
grans) was added and the m xture was stirs ed for an additional 4 hour s.

Si O~ (3.90 geacwmonG ade 15) way added and the slurry stirred for 4 hours.
The net hanol was evapor ated and Ru-H 3W naPO "~-Si Oz was recovered. 2.001
grams of Ru-H; ; W~.>PO--Si Oz waHxchaee>tR-GHeOFedczHOas described in
Exanple 1 and the reaction was carried out simlar to Exanple 1 at 235C and
1000 psig w twhdreGQy=anid %. a1Aftﬂ1erre116uI‘lmlmt9i(d‘honmamtimafﬁx,leﬁtmIael(bR ithe
reaction nenstruum anal yzed. e anal ysi s showed the_ carbon ponoxi de
conver si on mé%oabuums%gaﬁaptqfé x4 %péqurbet%ﬁ jgkg togethgr 2%

cR:Zu HCl—lavin ‘ Pg Hrﬁ&aalégfﬁlcsgﬁ atliﬁ((?s_itq s y’é{é‘ f)lgip e§vas dest °“V§4‘&&{°a§§ggﬂ‘é’ ni except

3.90 grams ofsepﬁiateai@tit@ﬁar&%umﬁwﬂeéiamhbeaﬁnﬂ{es& taGytid cofhpdieis of
Ru- H; ; W~zPQO. ~c, - Car bon was charfﬂ to the reactor as described’in Exanple

1 and the reatithdhewisobelearbanplation rtalytic compansns in msinedsceactor 1000
Penst ruum wad 161 §oetr S st S i B aferdi Feie@inie. conver si on
2% Gt O = 4. 156 péﬁﬁ“‘é%@%‘@%bb“th@%”@gﬁﬁ T R Hove o6 nPO-n S O
S Ui s erEhERE ey sy Bre QP seqliredsEidpia: ?ré%g%%%ﬁﬁs $ufesga’ "

- 43nmet hanol . MY lor 44 alkyl, graﬁpofq ﬁocamtgmaﬁ}bdi@ﬁt&ﬂsed and the mxture
was stirred for an additional 4 hour. Si0 (3.00 grans, G ade 15) was added

and the slurry stirred Adohsl hamlystSTémd adeci) satalyticarapporends tad

Rh- HsV' POm Si f
was cha?ged ttglpt"rfél\fva%‘é{}%%‘r %"’Be?’&’rtg "r?a‘gglgg?p@gg‘irsé’ﬁdsi"}wéng‘a}BH on was

carried out {u}, flﬂ{ltlt()ﬁ JRER dol, ?ﬁ GrRNY. rﬁ@%lﬂfﬂdﬁhc%aml%em = 1.1

After 1G hours of reaction a sa the reacti’on nenstruum was anal yzed.
The anal ysi s ddbohels, the, xsabbtlmcﬂpnmlude (a)ombkenl s 2 nd/oran et qutonyot2d and t he

roduct distrjbutio CH, 2,8% Calls = 20 1% CH ~OH =
gG 1% and Q-i@é!ﬁvim Ola;)gd ZnN?nCr(g lejb) alkali and/or metal pxomoted
Cuw/ZnO materials. These catalysts and catalytic components generate
branched alcohols according to the following reaction:
xHz + yCO < R-CHCH:0H + zH320

.
CH;



Examule 7 A Rh-H;,; Vi n~PQur car bon catal yst was prepared as described in
Exanmpl e G except 3.90 grams of activated carbon was used instead{®fJigiNbica.
2.01 grams of Rh-H SW|zPO ~j ~, -carbon was charged to the reactor a the
reaction wWA99%A8¥bed out sinlar to Exanple 1 at 235C and 1868"peY

H-~:CO = 1:1. After 16 hours of reaction a sanple of the reaction rrenstruum
was anal yzed. The anal ysis showed the carbon nonoxi de conversi on was about
G 5% and the product distribution was CH,, = 15.9% CzHs and C,zHts =

12.1% CHsOH = 53.2% and CHsCOOH = 18. 7@’? Exanpl e 8 Prepay ati on of
Zrz-V~~0O, s s £ I, e in 1l
liter of dist %4%8%]450(%(?\%%8%?gfggﬁgggqéltcﬁg%g’l&tgahm%ﬁm I’OXI e was

added drop wi se awndlikly]l gheupbl 1 eoaiboad 12 @Arbédditbinen Iomidihe tbgdtrlmxltd@ --
17 J U L 2002 WD 99l 38836 PCT/ US991 02024 -44results in the inmmediate

hydr ol ysi s of alyobol synthesss eatatygtaHyd-aleahio} eavhonivdation catglyst fsomThe sl urry
was Stirred for ab dtor cover . t.he. Zr ~. This
bor 11 ket crpaiataearttre A SoiBRe the pdo) 6 pERERE Chr N Bisosbetans of
a rwhite granyligp tﬁ@'duébﬂdr%hlw@m&ﬁuﬁf&ﬁ@lalkrdcqo%mﬁrm 25 g@e%amrof

Zr (OH) ~ powder were placed in a5 l'iTiter beaker . Th r(oH .~ was
i mpregnat ed vivéeldsaion- hneamtnbexgl1mbinlslac22ﬂihngﬁmrﬁueodve(1NH. wpetidnY~' O, o
dissolved in 10 mlIliliters of distilled H-~O The wet. solid was dried at

120C and then cal ci ned at 80WEd hySGtd R-&HCHaCOOHodr 2H20. 471 granms of a
| enon yel | ow powder were obtained. This material is considered to be the
solid super acid ZrO-~—-W0s with an enpiri¢al W:3 |oading of 23 wt %
Exanple 9 Preparation of TiO-~-WO solid super acid 30 milliliters of

Ti (i sopropyl), ~ was added dropwi se to 500CHY liliters of deionized water at

room terper at li')vzjl%f iy 18 { allétt ggﬁeﬁ fc%lg\{%%p%a ctlécrg)r Zdeﬁo[gl)s 1-16

filtered, air ‘hen p ac AR Oven

hours. 8.834 @ﬁaaﬁam‘ylfgydﬁpbed tbi {bduta @ﬁb@haﬁdehl s powder was
inpregnated with 1.J068 grans of H ~W I Can dissolved in 15

mililiters of distill ecInHm emheéuaw Mmlmmvmowhmbtmwob@s air dried

for 1 hour, and then an _oven to at 12 6 ha s. The
i xtur o was ¢ HGRVESREE Adgedrtogbempsren R dbdsfnsiltipel «shs e of o

| enon yel | ow smmﬂ\mnfs&h@wﬂ?elem@a ﬁ&&ﬁétaétléémcéd}ﬁbﬁei at feddR dnld®
solid super acid TiO-W>s with an enpirical WO | oadi ng of wt % WO
991 38836 -45 Bianpésieﬂ,(hdiwl,ecpad sathiydmidef andl Grixtures Geersof.issitabder aci d PCT/

9 Hf O-a- Woa red ess t he, sane Zr O~, > 0 grans
of 1 00 - o dee SRR RO L Ao S RIG HGRO g 68 Moy TS B ighohg o
clear soluti Onﬂky?»ﬁ"{h@mmwag anl%'ﬂﬁvm% ﬁdﬁ@ddﬂa%%é&elw 4 aﬁmd
stirring, until a pH of about. I0 was obtained
ether alcohols and mixtures thereof, Such compounds may contain
aromatic rings. The preferrcd alcohols, ethers and ether alcohols that
may be carbonylated by the processes of this invention include
alkanols of 1 to about 20 carbon atoms, alkane polyols of 2 to about 24
carbon atoms, alkyl monoethers of 2 to about 20 carbon atoms, alkyl
alkylene polyethers of 4 to about 40 carbon atoms and alkoxyalkanols
of 3 to about 20 carbon atoms. Illustrative alcohols, ethers and ether
alcohols that may be carbonylated in accordance with this invention
are disclosed in U.S. Patent Nos. 5,218,140 and 5,330,955, the

disclosures of which are incorporated herein by reference. The

feedstocks comprising at least one alcohol, ether, ether alcohol or



The slurry was m xed for 5 mnutes, then was filtered to recover the
Hf (OH).a. The H (OH)., was washed with 3 liters of distilled H-FQAMINX he

gel ati noumﬁgg*}al was dried at 120C for 1G hour s. The ref,gJ{,{JgMz ite,
HF (OH)

gr anul ar ral” was then crushed into a powder. 7.0 grans o ~ was
i npregnated via incipient wetness with 1.0 grans of (NH s)cH-awW~ ~~0."~
dissolved in 3 mlliliter s of distilled H~O The wet solid was dried at

120C and then calcined at. 7UUC in statigpair for 3.5 hours to produce a
green powder. This material is considered to be the solid super acid H Qz-W
OCs with an empixtiueat tN@dfaady ng mfepiBed avtddschkay Hezeitil oPadpanadively of |r-
ZrO~~-WO s Zr02-\W0s was inpregnated with Ir by incipient wetness. A variety
of sol ubl e | MayhsorRkhi@adneddirye addiErepbsouxempne fed domsyly. togihens of

It s~3H~0 were dissolved iin 3 mlliliters of distilled H-~O. This

sol uti on was Cé‘dﬁBﬂy%&b(fp SRYSEth stirring to 2. OFi 51 grams of Zr O-~- WGs.
Once the solid became dggRuaHEabboRviAtidn e%ﬁdﬁﬁ@ﬁﬂ%eﬁﬂ%cé&s%ﬁbbl@ems
dried at 120C. This procedure was repeated until all the Ir solution was
utilized. Thewaidmngat kwast dnieed theraldéhdlpetierattidd04dcyhel andmiXe@fs 5
grans of a yellow}t.an solid. This material |s 1 ~~a =~ zooz WO

99/ 38836 PCT/thsgepiorote vaBehflite @neiPassing the vapoy oper ARRTheaBRINRE e (1)

i ndi cates the,lr. hoadi .. % netal  bas) l e, reparation
of Ptz O e ST Slegf Bk St SRR RSy, FHTR, B MICERE oes " a
variety of .sqbiubh@dRd condprsihnsdesaibdabeas. PF@Fer@KB{YEhé,spﬁdOsQl%@rgr ans of

Pd(NG, ;) _~ HzO wer a dissolved in 4.0 mlliliter s of di stilled H-~O and
was added dr opeidi slayweedlita andimgletulad feve ans imprZgodtedowithGn&srouper,sol i d

becane danp {tjon Pd. was stopped .and.the solid was dried at 120C
Thi's procedur d%ajsoflﬁ ;é’ﬁt “lﬁ{f‘?lasgi%i"ltlﬁﬁglbﬁlgm'uti on was utilized. The

material was dried for #4GhoUhendiatiaPfed@idd RANCEe 8ol Ll ow powder .
This material is consi dereed to Bg an 0. 02 1Zr O@%V\Oej@?{%igg%\‘)ﬁ}e{ﬁél (U. 02)

i ndi cat es t hetubdhlaetrehdctooadiing a fixed bedwlf ahe batilyst. EYhepeastdhids Iayde t he
foll owi ng examml es, the reactigns were carried out in a 3/8" 316 stainless
st eel reactorgﬁtf@et}’@a‘b"éﬁﬁ%"’t y ?ﬁ%’iﬁn%ﬂ%"%?{auﬁp@i élt‘i"é?ir‘}.’mﬂ‘i@q%fd&tbr tevds
housed in a c j . : i.S,, i l . t react or
nder pr oseur SR SbI30e R n PUILIRS 2Rk "RomBVIR dBnle BRERE"! he

reactor was nijattét desigasthatvapeataisy phug floar and ealibeenThimal anal ysi s.
Regardi ng reactor .tube | oading, a reactor tube was first charged with
quartz beads Rubderee Bythe reactoyzane. dthe eprbenyindinn seagtion man Y&t ni xed

react i on ayst R AR b, SEARTie DAD AR Bhabitey THRch R R RRR b E BotDr T

reacti on syste Sys n.” The

gas feed was galgdicd rhoviynshels us if3he @ade bha MEABDBf By Eayalptought to
operati ng WO 99138836 - 17 JUL 2002 PCT/ US99/0202. ~ -47 conditions.

Liquid feed, if used, wiSherethaaliobol athencetbasalethalgepriany ia anet hanol
Caa el Wy SRR AL 5O B e O el e
Synt hesi s gas)dv &Shoitiat R6hRGACkHR solvent or diluent and thus transported over

the solid catalyst. The degree of dilution in some cases can be quite

extreme and of course, such conditions will adversely affect the cost of

carbonylation. Suitable solvents and diluents include aliphatic and

aromatic hydrocarbons, esters, non-condensable ketones, and the like.

The alcohol carbonylation catalysts and alcohol
carbonylation catalytic components useful in the processes of this

invention include solid acidic materials, for example, solid super acids,



met hanol catal yst and that product streamthen contacted the carbonyl ation
catal yst. Table A below contains data for various catal ysts prépatlidifis
descri bed above used to carbon5l ate net hanol to nethyl acet gk /U9§9/(ﬁom xture
of nethyl YWR&Y3 and acetic acid. For all exanples, the reaction was
carried out at 1000 psig with 1:1 Hz: CO gas feed. Methanol was fed to the
reactor as a neat liquid at the reported LHS~T. The results are set forth
in Table A The anmounts (in parenthesis),of catalyst conposition conponents
set out in Table A are given as wei ght ﬁ%?'cents. Tabl e A Cat. al vst

Tenper at ur e, ﬁef&%ﬁolynﬁ’éilﬁ%&hyﬁ 2001888 hasRkuldH SEv&1B¥d e TikkNF8Yo bHSV,

hr-' Pr oduct stream” nol e
PdPdPdPt | r | r Pe{dde Pleredds&hid AlcORp] Carlbnilatdd cathlP)s ¢i0altphdl O-~- Zr O~~- Zr O->
-Zr O~~-Zr O~~-Pd( 0. 02) - Zr Oz- \\Oq,

W05 V\0a WD, . .
- WOsZr Oz- | ~1 o0{bemyianen eaialy e companents 3933 by e d 3nzvoanbserssfozou

§
43. 4547. 845. 445 445 445, . 5 4 45. 445 445 413 9.59. 59. 59
.59, 512000120@35%%85%’86’5%%@@@%3@8@@ g‘bﬁ’é’%&%@?’gfég‘?}’ﬁi ‘}ﬁ& \}\éﬂlfgl 38836
di met hvl 24. ° efliniIBliBa Rt A¥tic Corigbetrs 1a€aUaliBasEehkemissible solid
aci d8. 8net hanel8. 2¢ar bonl. 5di oxi deRate, | | ~Jftvcat Jhraceti c

aci d9. 3net hyl agidansttarels GecrilBabny EsstonhNa0agReBL OReeesi BnogessiZ J U L

7527, 45t | - 18S8RA B ALl SAPPIEIOR0L2S, O GFOB). bangs Zeshte L1y, 54, 33. 02
. 110. 2000003. ggdfﬁeée%oé&ﬁ%dﬁ% %aizjéee%%ﬁn%'l,% Jasg.‘&e‘iguﬁﬁ- Khza: 13- 1
a fe onyl ated and t

Exanr ~l es 20- riou I qui eds were car &' results are
gi ven in Tabl &iBbeei M alfiro agka, (VIEH\WPLBlichers Bk, o193, thel partindm

Exanpl es 13-1J. The results listed in colum 1 dempnstrate that dinethyl
ether is readpoytiens Bbmyrich are trcorperatieddiarein by refresceer results indicate

that m xtures of nethyl @ﬁeefﬁlgéﬁgﬁ{]ﬂ#’@nﬁ%?%?% cg{ﬂgyg%‘rg?rﬁé\%hﬁafh%g: These

results are inportant w ur € ano i met hyl et her,

and nethyl acehfiéngtio caeslyelcabndscderitd dxhebit @aLhOI. stFEReBUIRES (1 N
par ent hesi s) of. catal yst conposition conponents set out in Table B are

given as wei githapercantad to Tabl Ele<caial yuferablydegy thamipp eqpal pd(10.9) zr Oz-
ZrO~~- Zrxz -- 17 J Ul 2002 WO 991 38836 PCT/ US99/ 02024
- 49- V~' Os( 18) WBR(23)L0). & m%ﬂzrebbglfggfba{nﬂr&q o -12.5 (Ho <-

essure, 100010 00psiqFee e%z48..4 .

. 946. 20048, 443%%6.“g?%gtgsﬁtg%‘?ﬁ%‘Wo%’.@zn%‘SH?#ﬁ%.bff"&‘algé‘f%‘% BYicqpypytional

| 3. 200et her | nhgétHadS\suRAGR IR NRBURIn g HU BindttHaVidity Tubdtiasl(IB&Mising
~Pr oduct St r eam nol edi net hyl 58. G14. 723. let her met hanol 14. 21 7

. 519. Onet hy| 13rganicpdiGyors as dagaibed below.

s 250 57, Ot nnce, iy Loas O B BB oo e

COL2. 08. 213. 7TReMALSd %N is wHROhRS8&3fple is immersed in benzene and a
benzene solution containing an acid-base indicator of a known pKa
value is added thereto. The sample is kept under observation until the
indicator on the surface of the sample assumes the color of acidity.
The smallest value of pKa at which the color of acidity is assumed is
reported as the acid strength of the sample. The indicators (pKa)
which are usable for this determination include, for example, m-
nitrotoluene (-12.0), p-nitrotoluene (-12.4), p-nitrochlorobenzene (-
12.7), m-nitrochlorobenzene (-13.2), 2.4-dinitrotoluene (-13.8), and

1,3.5-trinitrobenzene (-16.0).



-50 ~ ~ ~ a ~ 2002 PCTI US99/ 02024 Exanples 23-26 In the foll ow ng exanpl es,
the reactor tube was first packed with a Cu-Zn net. hanol produgimngyictal yst
followed by Ule OF the catalysts listed in Table C bel ow S
pl aced inw?é‘r?g@\?w and synthesis gas was passed through the }gﬁgscoﬁtogﬁti ng
t he met hanol catalyst first. The gas m xture then passed through the

carbonyl ation catal yst. The tenperature and pressure were the sane for both
catalysts. In no case was a liquid fed 'E%Z_t he reactor. The results denonstr
ate that the carbonyl ation catal yst can De coupled to a nethanol producing

catalyst and that vari @idLeper 4cidBatdlysto a28¢referidd BRI Sy1hALM active
catalysts. The results are set forth in Table C. The anmounts (in

par ent hesi s) catfalystsadys cackhompdaiibnoatatytpooenpsneets outusenniidbbe C are
gi ven as wei ght percepts. Table C _. ) ‘9.
Cat al yst | r ( 1jeRA0D. %ﬁlen@(e eppdaolid sypen asidybaye Arnadityoptropgen3) wo i (20

WO, i (23) WOs (2. 530030827 ¢ € s b )
)CPr esgur )e, 10%%%@%&@3%}52%%@%5 afn% eo}ﬂfﬁb‘s‘ékvﬁs‘b’&%%%%fs?ﬂ‘h‘\ epe
GHSV, 6300790Q6(R0HR0PESO =BOAdBaE $©ANTIMI-84),NEFOYISES, 208 Z2¢53-BLE),. 7et her net

hanol 46. 417. 720. 721. 6net hyl 1. 85.,53.51.9 17 J U L 2002 WO 99/ 38836
PCT/ US99/ 020Z20254 Qe & eWhhe FieeOadV @ sreufatesd metdbexidies pirdmoRad avith

10.U 3.2 4204 5%, Y R hitogep nitgnafe iy phuminng, Arnafisl sthe add " each

of these exapplggen FRINGIA 2 @DUEAT PENY! 76 G AJ@ 11 transition metal is a
particularly preferred catalyst or catalytic component. Illustrative of
suitable solid super acids include those permissible solid super acids
described in Tsutomu Yamaguchi. “Recent Progress in Solid
Superacid”, Applied Catalysis. 61, (1990), 1, supra.

The solid super acids and methods for their preparation

are known. See, for example, EP Patent Application 0 685 259 A2 and
U.S. Patent No. 5,780,383, the disclosures of which are incorporated
herein by reference. Preferred alcohol carbonylation catalysts and
catalytic components are obtained when certain solid super acids such
as Group 4, 5 and/or 6 metal oxides and mixtures thereof are
impregnated with a Group 7, 8, 9, 10 and/or 11 metal and mixtures
thereof. The weight percent of Group 7, 8, 9, 10 and/or 11 metals
impregnated onto Group 4, 5 and/or 6 metal oxides can range from
about zero to about 10 weight percent or greater, preferably from about
0.001 weight percent to about 5 weight percent. The weight percent of
Group 6 metal oxides, i1.e., MoO3z and WO3, in said Group 4, 5 and/or 6
metal oxide super acids can range from about 1 to about 40 weight
percent or greater, preferably from about 10 weight percent to about 30

weight percent. The catalysts carbonylate methanol, dimethyl ether,



a mxture of nethyl acetate and acetic acid. The results are given in Table
D below. The reactions were carried out in a manner simlar to IZ
13-19. The results denonstr ate that G oup 10 and 11 netals j ag%z
onto cat alW9P¢3%BAt ai ni ng tungsten oxi de and zirconi um oxi déJ usétul in
this invention. Table D Exanple Catal yst Tenp, C PreS- Carbonyl ation sure,
Rate I blft3 cat-hr'" psi 27Age";-ZrO-~-\W0. ;

30010003. &8Ago. ~~: , - Zr Oz- W0s 325100010. S_égguo. ;, - ZrQz- WO ; 30U10003. 330Pt 0
0.;-A120: 330010003. 1m xed with Zr O~~-WO ;" 31Pdr, ., ~- Si 02 m xed30010001. 1wi th
ZYO-- O ; * Car ppa yh@ftiydckt &etwith dlaftheeld @& RCBld ap@i shasasehi ehaci d

equi val entsin nethyl acetate. Exanples 32-46 WO 99/ 3883G 17 JU 2002

PCT/ US99102024quisbphaseacy.. ¢ 4 hbyeyexanpl es, nethanol was carbonyl ated to
a m xture of methyl acetate ndtteac_ tic acid.. The results arﬁi. iven in Table

E bel ow. The reactions wer@dics gt np haidesn R Berhylyodide. Brenpl es

13-19. all ex . RN AL 3. = j JHzZ. catio of
11 and the TRGFSH B8 Hhe i or o 13Hses 8T AR ML e st 51 O
The resul ts desokt stabenishaft thel pyoeesdy dfehed freeiitial, thusgdoaiihfe al cohol

carbonyl ation catal yst. Table E GHSV hr-~ Productivity, |bslft~scatlhr
Cat al yst Clt 2~subgtaskisbasroomisbanefits gythe degdgn of equipment to carry out

_-NiontrorillgniteH30060403000Q9, 08U.100. J8AL +~3006Q0003UN00. 040, 080. G3I r - A
+330U600030000 0B #75€% 4 elfs‘éfb"?1|sg?‘éﬁ§bﬁé‘?fgé‘§‘%foﬂ 19580 9@5’?’?9%@%4 -pilla
r ed25Us0UBUONG 100120 tHdrAabd aFeam ihl@ééﬂa@%ﬁ‘i@@@@l@&k%ﬁg& 8r3. 21G 53

Bent oni t eH~30U6UUU300U0. 04U. 040. 4G r - Al +3300G300030000. 3710. 141. G2I r - Fe+33006

00030000. 090. péim XEhbleAn+tle prdceasesd@EbBE LOBH0EN.870. 1UL. 211 r- Fe+3-pi |l | ared
300600U30000. 150. 111. 23I,1( - H+-(§j |l are 300600030803. 44U, 044.Ei§| r-H+-pillared2
5U60U030002. 640. 023. 321 ri5 Prede DRRI0ACII8 Gre Dased opdarprd 47-50 The
foll ow ng exa . f, L . e ) . or heat ed
by a Li ndberg%&?ﬁ%%ﬁegéwg%dﬁg%m%t%%a W. ﬁﬁ‘lf‘sti%ﬁ&é’&gg?b%‘gwggl 38836
PCT/ US99/ 02024up&3aeider-ad hyxtairBs 06Ks- WpTs Mo, Ry-Worky-Md, #if-Whidral Hifqui d
feeds were delivered by a Glson or Isco punp. The_catal yst was

Zr 02- Wog(18) M oxigmy. Mixtmaes ebthe patlesr sneiNas ZonWebi pr Ti-Muddh areni o),
i.e., nomnally containe %2y OZ and 1 ~0 This.material was
supplied as aﬁ)/be()x Srctﬁgf’%ﬂd%rap\gg Ko %"&r‘é&ﬁs?ﬁﬁi{%g\éﬁa @3 yb@%‘mg‘al ci ned

at 810C for 3ok, $r 30 geam-huib i eRa R0 pékitdoRideBzivdohi eh B¥idensipel ent
wet ness. Liquid products wer a collected in a condenser that was naintained
at room t enperatdsrare @sp paeferdedi dliege sebduawer wsids areaexpredsed agas

Terper at ur or 908 S E Mo TR BE o era O Blo09 2305 ST SR pieR ) ' O
GO0OLHSV (hr - f)xflgélt'e?x oxide/tin oxide, titanium oxide, iron oxide, or composite oxide
of at least two elements selected among tin, titanium and iron are
further preferred. These solid super acids are expressed as
WO3/Sn09, WOg/TiO9, WO3/Fe9Og, WO3/Sn09-TiO9, WO3/Sn0O.-
FeoOg, WO3/TiO9-FegOg, and WO3/Sn02-TiO2-Fe2Og The solid
super acids can serve as the support in addition to serving as an
integral part of the catalyst. A preferred catalyst and catalytic
component consists of a manufactured solid super acid pellet that is
impregnated by an appropriate Group 7, 8, 9, 10 and/or 11 metal.

Supported catalysts are also useful in this invention. For

example, an active catalyst may be obtained by loading Group 4 or 5.



The reactants and observed carbonyl ation products for these exanples were
as foll ows: React an';] ICar bﬁnvl at iholn Products ethanol ethyl propigmatg} 2002
pr opi oni c_ac] | et hyl ether ethyl propionate, propionic acj
n- but yri cwgﬁ#g'zssﬂ&-ﬁpr opyl ether n-butyric acid, propionic aci be]l:'ﬁresgggir%g‘goi ng
description of the preferred enbodi nents of this invention and the exanples
are presented for purposes of best teaching one skilled in the art how to
practice the invention. It is not) nor iguit intended to be, an exhaustive
description of every pernutation of the invention. Qoviously, many va r
i ations and e ¢i Wapiengsareontolflulnidd, s2002 WBIAHY 38836 RCH BN H2024
-54 posSible in light of the disclosure and readil apparent to a person of
ordi nary- skiiransformhiggatvia colavnighn) the prenpenorsomtper sepperted solid i nt ended
that the full scgopg .of the,jlnvention e.defined Ita~-. hiwaagende_d cl.ai ms.
0 i-2b00 Us #B8o0Dsnateriel may then be umbyegnated with the Oroup 1. 8,9 1
1 1. .o v =1~ ~n= PR PRI 15 TN SN S T -\
o sk g eRl ThelGroyn 1@ ietals vield presiolards 0 G g
car bon nonoxi algiendatmidsiegehhé prefepratiGebup r £8dn19 metdlsiferig, BY 4iehst one
of an ester, acid, acid anhydride and m xtures thereof which conprises
reacting, in Bt.siThg solidesapéroacidsimmregnatedowithon Grovax7.od Ankd apdiosgen in
t he presence a_catal yst conprising an al cohol synthesis,catalytic
conponent 10 ﬁw(ﬁn%tﬁ‘?élago OVS‘CA;E%"?Mtgbi %‘n“%ﬁt’ﬁf’ﬁftuil%"é’@ﬁ‘ﬁgﬁghttgoq e
conposi tion OfelbBigvi9 MRS ARG My, f PRSI0 .LNAT) fNE pRBRLPET soli@der
conditions of tenperature and pressuré sufficient to produce said product
stream 15 2.sUper pridoessiyst for asend thivameentiome al cohol carbonyl ati on

catal yti c conponent is het er ogeneous catal yti c .conponent.. 3. The process
of cl )alti m 1 vmrrgrei n the %stlaqléq:at%ﬁ aebove, 1t has geen dlscgeered that hydrogeg-.

or a feedstock containing hydrogen, e.g., synthesis gas, has an

unexpected stabilizing effect on the heterogeneous alcohol
carbonylation catalyst and alcohol carbonylation catalytic component
as compared to reactions in which only methanol and carbon monoxide
are present in the system. While not wishing to be bound to any
particular mechanism or theory, it is believed that the presence of
hydrogen may play an important role in generating an active alcohol
carbonylation catalyst and alcohol carbonylation catalytic component
by means of hydrogen spillover, i.e., hydrogen atoms migrate (spill
over) from the metal to the metal oxide surface forming acidic sites
where carbonylation occurs. This stabilizing effect is particularly
beneficial for alcohol carbonylation catalysts and alcohol carbonylation
catalytic components such as ZrO:-WOs3 impregnated with low levels
Group 7, 8, 9, 10 and/or 11 metals, e.g., Pd, Pt, Rh, Ir, Ru, Re and Os.
Illustrative metals which promote this stabilizing effect include Group
7, 8,9, 10 and 11 metals, e.g., Ag, Cu, physical mixtures of Pd, Pt, Rh,
Ir, Ry, Os supported on Al:O3 or SiO:2 physically mixed with a Group 4

solid super acid and the like.



20 carbonyl ation catal ytic conponent has an acid strength of |ess than or
equal to -5.0 (Hos-5.0). ~4. The process of clai ml wherein theldl d4hi§?
carbonyl ation catal ytic conponent conprises a solid 25 super i

het er opol yWOI°#38% ay, zeoli-~e or nolecul ar sieve. 5. The pf§§§¥§9gynélaim
1 wherein the al cohol carbonylation catal ytic conpbnent conprises a solid
30 super acid inpregnated with a Goup 7, 8, 9, 10 and /or 11 netal and/or
m xtures thereof or a heteropoly acid inEﬁ@gnated with a Goup 7, ~8, 9, 10
a~id/or 11 metal and/or mxtures thereof.” 35 6. The process of claimb5
wherein the amount of GThWamouht T hyli@odesliOhotlhar®idl crafedioindm xt ur es

t her eof inpregnated onto said super acid or said AVENDED SHEET 1-01- 2000
US 009907024 should preferably be an ameunt, sufficient te impart the desired ~ ~ . ~ ~ .
T e TR ! I AN | 2002 .- .56 heteropoly
acid is from SRRHIZPSEHet O HRRbetRyORRPEMS ﬁl&PééL?ﬂr DYRHAOR CRLUES! of

cl aim 4 wherei, i | achd. L aq(H , 10
and/or 11 net39d§%§§%§pﬁ?$P§V§§&?ﬁ%?§% lgﬁgg%ﬁﬁgﬁgdSgﬁggﬁ%g%ﬁgoﬁg‘5 and/ or
6 netal oxi departiadpredsures asay Aengoffor argmpherfeom st G.alpdgsupess aci d
contains fromabout 1 to about 40 percent of at |east one Goup 6 netal

oxi de. 'I. 0 @bowuh®0PPdseg or greatea; oy fropmebenh Oslapsigsyl legs sapbpubdpao

catal yst conprises palladi umand one or. npre zirconiumoxides in

Corbl hat i on WREHE BhEr ok B g 808 O e drts BT ST DR des. 15
9. The pr OCes%r;QQt&'. FPH o MY bd 128 Apaehfly to TRE RAMYAHLeRnGRhatHL | C
conmponent conprises a heteropoly acid represented by the Tornulae: 2 0
MaQb~c or Na~2b@oZandsnatiom withr ahet feedabckvbempbneMs, ©.@f abegathewie net al
selected fromGoup 7, 8, 9,.10 and/or, 11 metals, Qis one gr ,rﬁ of a
Goup 4, 5 and@BA§oTeRak of Hited Pxgrrafrom 1 seRMRtETepdor a5 e;ﬁeg@s or us,
arsenic, 30 sh&& gp or antimony, a_is an integer having a value of froml
to about 5, b_is an integer having a value of froml to about 20, c_ is an
i nteger having a val ue odthdoMubtigtivdoclid 6lpedneidshdefulainvedise having a
value of from1 to about 5. 35 10. The process of claim1 wherein the
reaction is ainuperophaslidecsadfyiapacid-carried solid super acids such as

disclosed in EP Patent Application 0 685 259 A2. As typical examples
of these kinds, the following solid super acids may be cited:

(1) solid super acids of SO4/oxide of a metal of Groups 4
and 14, e.g., SO4/zirconium oxide, SOg4/titanium oxide, SO4/tin oxide
and SO4/hafnium oxide, represented as SO4/ZrO9, SO4/Ti0O9.
S04/Sn0y and SO4/HfO9 respectively.

(2) SOg4/iron oxide solid super acid, e.g., SO4/Fe903.

(3) SOgy/silicon oxide solid super acid, e.g., SO4/SiOy.

(4) SO4/aluminum oxide solid super acid, e.g.,
S04/A1903.

Another category of alcohol carbonylation catalysts and
catalytic components include heteropoly acids such as disclosed in U.S.

Patent Nos. 5,218,140 and 5,330,955, supra. Preferred heteropoly

acids exhibit an acid strength of less than or equal to -1.0 (Ho < -1.0),



AVENDED SHEET 1-01-200 it 1i - 57 . _.. . .. r.. 1f 1r

~-1 r~~ US 009902024 .. 11 . 't 17 J UL 2002 '.~

of clalnlamyﬁ, 4N the feedstock is synthesis gas con5|st|ngcﬁ@£zmhb y of
car bon nonoxi e and hydrogen and t he product stream conprises acetic acid
and/or methyl acetate. ,0 15 5 12. A process for converting a feedstock
conpri sing carbon nnnoxide and hydrogen to a product stream conprising at
| east one of an ester, acid, acid anhydrpge and m xtures thereof which
conprises (a) reacting the carbon nonoxi de and hydrogen in the presence of
a catal yst unsiefexxdnidiléessortmrody &gupktaifin®dHand -fdes Suck dablielci ent to
produce at |east one of an al cohol, ether, ether alcohol and m xtures
t her eof and (qa)xbpeahxtmrgcmrlm arshexiaditiasempeingnas chrtain one of an

al cohol, ether 1 et her ﬂ_} xtures, there |nfth res e of a
cat al yst conﬂ?‘?épﬁ%‘nﬁtgé‘? bonsﬂbév lgfe iAgnegpl,pr 198‘3?"??8 6‘?6 ?ﬁ“i si eve
under conditiggs, o flogﬁmesaé%% @%ﬂm@%sse&rﬁfm‘ew‘femm ctlﬂoﬂrt?g#;cz? sai d

product stream 20 he’ process of clarm wher el n steps and (b)

are carried omtamlmersﬁrﬁrcatmw 82a811®andansEl metdls. 3Mord. préfearaplpekss of
claim 12 wherein the step (b) 25 reaction is carried out in the presence of
hydr ogen and/@)llcob9]rﬂﬂf@911§1?§&§l cailyst andcatalvtisrecomprrgnti Qﬁ?ngaStﬁéé@st ock

conpri sing at.l eas g0 ohol her . ether nd m xtures
thereof to a 8?%‘811&; s?r %@ﬁ\n?zc?‘}pifﬁ%t@]é?t“loé dsotm%lﬁé ng‘iﬁ %" 9di d, acid
anhydri de and,fxddbhS MR&LESS opuetre@-aﬁébngma@n&wb%@ﬂﬁﬂo@%d%%%al d at

| east one of an al cohol, ether, ether alcohol and m xturés thereof in the
presence of apmeme,sstftbunm\{emtmgl aThel e ferpdrhedeiaholy laayds amol i te or

nol ecul ar si eve under &fﬁtkons of tenperature and pressure sufficient to

produce sai d FHOeEeRted e weNBed sHEET
MnQbOc
or
MthOch

or mixtures thereof wherein M is at least one metal selected from
Group 7, 8, 9, 10 and/or 11 metals, Q is one or more of a Group 4, 5
and/or 6 metal, e.g., tungsten, molybdenum, vanadium, niobium,
chromium and tantalum, O is oxygen, Z is one or more of phosphorus,
arsenic, silicon or antimony, and a, b, ¢ and d are each integers having
values sufficient to fulfill the molecular stoichiometry. In particular, a
1s an integer having a value of from 1 to about 5 or greater, b is an
integer having a value of from 1 to about 20 or greater, ¢ is an integer
having a value of from 1 to about 60 or greater, and d is a value having
a value of from 1 to about 5 or greater.

More particularly, one such heterogeneous alcohol
carbonylation catalyst and catalytic component is M[Q12Z040], wherein
M is a Group 7, 8, 9, 10 and/or 11 metal, or a combination of Group 7.
8, 9. 10 and/or 11 metals, Q is one or more of Group 4, 5 and/or 6

metals, e.g., tungsten, molybdenum, vanadium, niobium, chromium,
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- 58 16. The process of claim 15 wherein the cal;éﬁj 1%&”'—

conprises WOW36super acid i npregnated with a Group 7, 8, MHor 11

metal and/or m xtures thereof. 5 17. The process of claim 16 wherein the
anmount of Group 7, 8, 9, 10 and/or 11 netals and/or m xtures thereof

i npregnated onto said solid super acid i_sz7f.rom about 0.001 to about 10
wei ght percent. ~0 18. The process of claim 15 wherein said solid super

acid conpri sesaind f@@bum, Z8s phospBosid/DitirhdniesAlcodni Hiseflichnded it her eof
i mpregnated on a Goup 4, 5 and/or 6 netal oxide and/or m xtures thereof,
and wherei n saxpgen! Bdrswperetaired eorhiagliment rodvhabalevhol carbvBybatoen 90

wei ght percent of at |east one G oup 6 net oxi de 19.  The pracess of
clai m 15 wher SRFRISE} a0 &F‘?"Hlv‘éﬁp‘é%mﬁ&%mc‘ét@k@é@ (gb’]rp‘\?’,\i"%‘@sl\{)ﬁﬁlgdﬁa &nd one
or nore 20 zir ' | A+E | I, , en, oxi des
and/ or nol ybdelg’afranh%ﬁ@sﬁg%h&?ﬁge)%%g%éégﬂo 1%:}51?1%‘%5@{ %ﬂgicg% %H‘%}g@&f e‘?ﬁct i on
i's carried outmoést fieéenpeésaticediatertysirtbgenldhdl oarimydytibheatslvgaand21l. The

process of claim15 wherein the reaction is a vapor phase reaction. 30 22.
A nul ti conponesatalyticaoyponeaiisiMWigPOay. whereintMdsdpoRuntihe fisamed of

| yzi g f b i.de. hyd . I
one-of an_ar conBonaPRBr AR CRER RS RaREt pETREE ek BP0 o

second conpONgiHosfRYFdE: ArpRIRASAAARE a3ralkialf #eRRt s{1t QRLLA! Tesbhe first
conponent and capabl e of catal yzing a reaction of carbon nonoxide and said

at | east one dietetupoly atilsrarectipressddah bl 3 RyW 1AENDER] $HEFT - 01- 200U US
00990204 . AP (W 504 %}hér-eix-lA is an rall-{z-ili m tlee(lsod;u;n ‘potassiur
xax1W12Y40. e ., potassium,
rubidium, and/or cesium) and x is above 0 and below 3 (0<x<3).
Illustrative of suitable heteropoly acids include those permissible
heteropoly acids described in “Zcolite, Clay, and Heteropoly Acid in
Organic Reactions”, by Yusuke Izumi, Kazuo Urabe and Makato
Onaka, VCH Publishers Inc., 1992, supra.

Other useful alcohol carbonylation catalysts include clays.
Clays may also serve as a support for the alcohol carbonylation
catalysts. Preferred clays exhibit an acid strength of less than or equal
to -1.0 (Ho < -1.0), preferably less than or equal to -5.0 (Ho < -5.0). The
weight percent of Group 7, 8, 9, 10 and/or 11 metals that may be
impregnated onto clays can range from about zero to about 10 weight
percent, preferably from about 0.001 weight percent to about 5 weight
percent. Clay is a label applied to a generic class of materials
comprised of layers of aluminosilicate with complex intercalation
chemistry. In general, the layers have an overall negative charge
which is balanced by hydrated cations occupying the interlayer space.
The acidity of clays can be modified by exchanging the interlayer

cations. The strong acidity of clays originates in the dissociation of
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—_— 59 mxtures thereof produced in the presence of the fi rs1t [n?m\ent
to produce at t one of an ester, acid, acid anhydride apg; 29
t her eof . nggs/ssﬁ‘e catal yst of claim 22 wherein the first and secon
conponents are present as a physical mxture. 24. The catalyst of claim 22
wherein the first and second conponents are provided on a support. ~0 25.
The catal yst of claim 22 wherein the se(;?gg conponent is a heterogeneous
al cohol carbonyl ation catal ytic conponent. 15 25. A catal yst conprising (a)
an al cohol sydihifesd Si-Odpeoaps anld RomcOPTtesslitad @tichkaldn anda@igenet al
pronot ed MbS2- based materlal Goup 7, 8 9, 10 and/or 11 netals with or
wi t hout met al withdsgitlale; 1 apgemmmﬂsnc pisiens heads toaxilldeed slayse vdrchicani t h Cu

h h 2 | h h | kal
bromotere  af B S&r\aﬂn@éé‘f%éﬂre%!?ﬁe s cqtaysGn Bttt aitlre© fla mSeomot ed
0G0 \Cr O s MG Buoe el o AAShOEm TPt el AEOTRSEH PRI ET 1 3L 5

and m xtures t er eof , ||| m Xt ur es
al cohol car qugcicaiqfrzmorbavacbxybkchmgmanemad:wrpﬂlmdglas §W|1ﬂﬁleﬁ*gp®vel€hCI d or
a heteropoly acid represented by the formul ae: . M QO 30 or MaQbCczd 35

or nixtures tdriprest sparasehetwienslayers @@ﬁﬁlléﬁéortétgﬂneéé@&éct}éd danobe Gr oup ' 7,
3,2 avenpeD ‘St B fietiysRaIE ShUTHIE oBlys bRt fh fhisInB8SSH © ™1

1 include, ffor Example, montmorillonite, bentomte' kao}fmte and the

..~.~ J UL 2002°- 60 oxygen, Zis one or nore of phosphorus, arsenic, .
silicon or anttkeromg}uding mixtmre s thepsof. h&lluag*a&xveaiﬂwuﬂblérchmshntchuhbout 5,

havi g a val UBse TEYPRERDI CVaslRscibed Brdeolte L%y APSIREVPRGYa val v of
from1 to aboyki B Organic Reactions”, by Yusuke Izumx, Kazuo Urabe and
Makato Onaka, VCH Publishers Inc., 1992, supra.

Still other useful alcohol carbonylation catalysts include
molecular sieves of the zeolitic variety, i.e., zeolites, and molecular
sieves of the non-zeolitic variety, i.c., molecular sieves. Preferred
zeolites and molecular sieves exhibit an acid strength of less than or
cqual to -1.0 (Ho £ -1.0). preferably less than or equal to -5.0 (Ho < -
5.0). The weight percent of Group 7, 8, 9, 10 and/or 11 metals that
may be impregnated onto zeolites and molecular sieves can range from
about zero to about 10 weight percent, preferably from about 0.001
weight percent to about 5 weight percent. Illustrative zeolites useful
in this invention include, for example, LZ-10, LZ-20, 44, 5A, 13X, 10X,
Y, SK40, SK41, chabazite, faujasite, levynite, gismondine, erionite,
sodalite, analcime, gmelinite, harmotome, mordenite, epistilbite,
heulandite, stilbite, edingtonite, mesolite, natrolite, scolecite,
thomsonite, brewsterite, laumontite, phillipsite, the ZSM's (ZSM-5,
ZSM-20, ZSM-12, and ZSM-34), and the like, including mixtures

thereof. Illustrative zeolites useful in this invention are disclosed in



27. A solid catalyst for the carbonylation of a feedstock conpri i%n&a@m
| east one of an al cohol, ether, ether alcohol and m xtures there X
product stream conprising at |east one of an ester, acid, agj j de
and mi xt ur¥Q %®R¥Rof , by reaction thereof in the vapor state, /slgéla%xggjt‘al yst
selected froma solid super acid, clay, zeolite or nolecular sieve. 15 28.
The catal yst of claim27 which conprises a solid super acid inpregnated
with a Goup 7, 8, 9, 10 and/or 11 netal oand/or m xtures thereof. 20 29.
The catal yst of claim28 wherein the anobunt of Goup 7, B, 9, 10 and/or 11
met al s and/ or UnBxPut@s: Nber a2 868, ep9a2 98 308{885449 $0B6dspRped acid is
from about 0.001 to about_ 10 wei ght percent. 25 30. The catalyst of claim
27 wherei n saBBELEY Seplisclashdecohwhidesrai@apprateddieroin b6 and/ or 11
met al and/ or m'ét_ures t hereof inpregnated on a Goup 4, 5 and/or 6 netal
oxi de and/ or AFXItHEs thereof, and ~~rherein said.solid super acid contains
fromabout 1 to 30 aboutnQuihinReidankicles e @A (0t B 6 et al
oxi de. 31. The catalyst of claim 2§ erein said solid super acrd catal yst
conpri ses pal haduds) fordxaneplor th®sdiGbmolecdar viovex] slash asnsflivabiteati on with
one or nore tun%‘lsten oxi des and/ gr _nol ybdenum oxi des. AVENDED SHEET
A A A3Hy. A AKBRALD) as depiptedun Nyy. Rapend Nasak 064, 728apd A.§7A865, the
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Froks a8 oo e T kP SRRERably hotween nbayt. %,apd about SR AREENR ] caul
ca] ca] ca] ca] calfli¢s] ordbaAlLHLAARLS BRI AAR] cRiVEeS RRa contaidlilbo-

and macro-pores along with the preferred pore sizes. Mixtures of

zeolites and molecular sieves may be employed in the processes of this
invention. Illustrative of suitable zeolites and molecular sieves include
those permissible zeolites and molecular sieve materials described in
“Zeolite, Clay, and Heteropoly Acid in Organic Reactions”, by Yusuke
Izumi, Kazuo Urabe and Makato Onaka, VCH Publishers Inc., 1992,

supra.



9: 3{upkf [ V]] ca] cal] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] caU] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca! ! 17 JUL 2002
L] " SSESGrefadssf() ) ++, Q , - wrl gb] Xkf “[V] ] ] ca] ca] ca] ca] c”a] maioswlnedsca] ca]
ca] ca] ca] c"a] ca?ca] c”a] ca] ca] ca] ca] ca] ca] cal] ca] ca] c™a] ca] ca] ca] cal c™a

-N-A t.00<0x03%$3) 343b3g3i 33| 55667Mr859F9999( : a<p<<[ ?~xsni c Ykf [V]]]]ca] ca]
cMa] ca] ca] ca] cMa] ca] c*a] ca] ca] ca] ca] c”a] ca] ca] ca] ca] cal] ca] ca] cMa] ca] ca] ca]
ca] ca] c™a] ca]caJca] ca -30-

[ 79?u???@BBDC+DDDEEEEEEEEGG I el 1 11111 LLL~yt ni d_ZU] ca] ca] ca] ca] cal] ca] ca] ca
] ca] c”a] ca] ca] ca] cal] capsandwated pbayeaiheadasal wsad eapoasitahjtia) ca] ca] cal caj ¢

I LLLLEMNNf RRSS/ TUUxUUU N
O ol Cal o e A LA T E R IAR PAAVA0q DL ot b i s b SEPBErG o ba] o

Lot ANV S50 5BE D A SRR AS emploved, the catalyst cap be praduced by 0 o
a] c’\a] ca] ca] chlpeslting ¢hl chedlsalcaahef@laakerl tiadualat altrhetpheallt? @l ca] ca]

c”ha] ca]cal]ca
Yaf Lz aLaaL#b*leWKggg@hh IspPezhean bereheutied frornthe Iggavwiod sdigay] ca] cay]

cal calf cal Ca;é] saheehharhea sadislsadt solaahen salsrbe gl Gl pol ool oral cal

ca] ca]cal c

JhnhuhhOkRk HEES 3 WV ge;]g}ey] U?@JLE C&p] ca] ca]

cal] c a]caU]c a]caU]c aU]caU]cacaU]c cajcajcalUc aJc a
a] ca] ca] ca] ca]m]ma]wa‘]na:];\qmmts such as clays mav also be emploved as the

qqzryttttttttti uvv yhyy{{B{\{{r{t{{{{ytnhc?Yid_ ZU]U}]ca]ca]caU]caU]c
alc aUc a o) car nv ation catalyst or catalytic component Mixed

aJca]ca]calc ; ! Lal ].¢ J.calcalcalc
T
a] ] ca] ca] ca] calesad Tt @ edhe@bl€a ahpport may also be used The surface area
a] ca] ca] cay c&] ca] ca] c ]ca] ca] ca] ca] ca] ca] ca- Sl f H*SlO(V@L (%q f @ove® () -
I e

&10%@& () - 0" dfOhessypport dpes@ot ppPeandasbe)cr m@@t)(o 4imhegit beneflts of
oi KAT10G10G- 20NV 06t 4t P Py et b in k() tornromanreyce S’ () - 10%
@ () - JAHt R37s ¥ 1Q0@&a k0 aKbetY1QY&atd nfetdP YB& obrim é#hlé}{%@aé)dek&mﬂ&@

by BET) should suffice.

The catalyst may be present in the reactor in any of a
variety of forms. It may be present as a physical admixture or blend of
each of the catalytic components, a uniform catalyst prepared by
known co-precipitation techniques, continuous or discontinuous
portions or layers of the different components impregnated into or
coated on a support, or as staggered, alternating or, simply, distinct
portions of the different components placed within the reactor.

Conventional impregnation procedures can be used in
Iinstances in which the catalyst is impregnated into a support. The
impregnation process can be as simple as contacting the support with a
solution containing both components or separate solutions each
containing one component, followed by heating the coated support to a

temperature and for a period of time in which the solvent(s) is(are)
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activity of the catalytic component(s). Typically, such temperatures
may range from about 100°C to about 900°C for a period of time
ranging from a few seconds up to about 8 hours or more. Alternatively.
precipitation of one or more of the components either in combination or
separately may be useful in preparing supported catalysts. The
precipitation can be accomplished either on the support surface or in
the pores. Such precipitation may be carried out by conventional
methods.

The use of heterogeneous alcohol carbonylation catalysts
or alcohol carbonylation catalytic components as described herein
permits the reaction to proceed without the addition of an iodide
promoter, such as CHsl and/or HI which are highly corrosive,
necessitate the use of expensive corrosion resistant materials of
construction and require extensive separation procedures to remove
the iodide from the product stream.

For the multicomponent catalysts of this invention, the
weight ratio of the alcohol synthesis catalytic component to the alcohol
carbonylation catalytic component present in the catalvst should be
such that the desired product stream is produced. The weight ratio
may vary from about 50:1 to 1:50, with an especially preferred weight
ratio of these catalytic components being about 10:1 to 1:10. The
specific ratio selected will depend upon such factors as the activity and
selectivity of each catalytic component, the reaction conditions, the
desired product stream composition, etc. and can readily be determined
by one skilled in the art from routine experimentation from the

teachings provided herein.
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The processes and catalysts of this invention enable the
production of oxygenates at desirable reaction rates. In the
embodiment which employs a multicomponent catalyst in a single
reaction zone, the catalyst components can be varied so as to control
reaction rates. In the embodiment which employs an alcohol synthesis
catalyst in a first reaction vessel and a carbonylation catalyst in a
second reaction vessel, the two catalysts can be varied so as to control
reaction rates. Reaction rates are not narrowly critical and preferably
are at least about 0.5 pounds of product per cubic foot of catalyst per
hour (0.5 1b/ft3 cat/hr) and more preferably at least about 1.0 1b/ft3
cat/hr. The particular reaction rates will be governed by the best
compromise between achieving high catalyst selectivity, lifetime and
ease of operability, as well as the intrinsic reactivity of the starting
materials and the stability of the starting materials and the desired
reaction product to the reaction conditions.

Further, the processes and catalysts of this invention
enable the production of oxygenates at desirable selectivities. In the
embodiment which employs a multicomponent catalyst in a single
reaction zone, the catalyst components can be varied so as to control
product selectivities. In the embodiment which employs an alcohol
synthesis catalyst in a first reaction vessel and a carbonylation
catalyst in a second reaction vessel. the two catalysts can be varied so
as to control product selectivities. Product selectivities are not
narrowly critical and preferably are at least about 25 percent and more
preferably at least about 50 percent of the desired product. The
particular selectivities will be governed by the best compromise
between achieving high catalyst activity, lifetime and ease of

operability, as well as the intrinsic reactivity of the starting materials
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w1y product to the reaction conditions.

Recovery and purification of desired products may be
accomplished by any appropriate means. The desired products of this
invention may be recovered in any conventional manner and one or
more separators or separation zones may be employed in any given
process to recover the desired reaction product from its crude reaction
product. Suitable separation and purification methods include, for
example, distillation, phase separation, extraction, absorption.
cryvstallization, membrane, derivative formation and the like.

As described herein, the processes of this invention may
involve one or more recycle procedures. Gas and/or liquid recycle
procedures may be employed as appropriate. For example, as depicted
in Figure 1. the gaseous and liquid residuals are removed from the
refining unit 12 via line 16 and recycled to the reactor 8 via lines 16
and 18 and/or to the reformer unit 4 via lines 16 and 20. Also, as
depicted in Figure 2, the gaseous and liquid residuals are removed
from the refining unit 13 via line 16 and recycled to the reactor 8 via
lines 16 and 18 and/or to the reformer unit 4 via lines 16 and 20.

The following more detailed description of preferred
embodiments of this invention, the production of acetic acid in a one-
reactor and two-reactor processes, is not intended to limit the scope of
the invention in any respect as the processes and catalysts may be
utilized for the manufacture of other acids, esters, anhydrides and
mixtures thereof using the concepts heretofore and hereafter fully and
adequately disclosed.

In Figure 1, which i1s a simplified flow diagram of an

embodiment of this invention, a one-reactor process for the preparation
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of acetic acid from a hydrocarbon feed stream is shown. The
hydrocarbon feed stream 1s supplied to a synthesis gas generation unit,
4, via line 2 whercin a synthesis gas comprising a mixture of hydrogen
and carbon monoxide is generated and provides the feedstock to the
reactor. The feedstock gas exits the synthesis gas generation unit via
line 6 and enters the reactor 8. The reactor, containing a catalyst
comprising an alcohol synthesis catalytic component and an alcohol
carbonylation catalytic component, is maintained at pre-selected
reaction conditions of temperature and pressure so that a vapor phase
reaction takes place in which the feedstock gas is converted to
oxygenates, most preferably containing a large fraction of acetic acid.
The product stream, in gaseous form, exits the reactor 8 via line 10
and enters a refining unit 12, wherein the product stream is condensed
to form a gas phase and a liquid phase. The refining unit is controlled
so that a product stream consisting essentially of acetic acid is
removed from the refining unit via line 14 and recovered essentially
free of esters, anhydrides, and mixtures thereof. The gaseous and
liquid residuals are removed from the refining unit via line 16 and
recycled to the reactor 8 via lines 16 and 18 and/or to the reformer unit
4 via lines 16 and 20.

In Figure 2, which is a simplified flow diagram of an
embodiment of this invention, a two-reactor process for the preparation
of acetic acid from a hydrocarbon feed stream is shown. A hydrocarbon
feed stream is supplied to a synthesis gas generation unit, 4, via line 2
wherein a synthesis gas comprising a mixture of hvdrogen and carbon
monoxide is generated and provides the feedstock to the alcohol

synthesis reactor. The feedstock gas exits the synthesis gas generation

unit via line 6 and enters the alcohol synthesis reactor 8. The alcohol
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10111110% O synthesis reactor, containing an alcohol synthesis catalyst is
maintained at pre-selected reaction conditions of temperature and
pressure so that a vapor phase reaction takes place in which the
feedstock gas is converted to an alcohol-containing stream, most
preferably containing a large fraction of methanol or dimethyl ether.
The product stream, in gaseous form, exits the reactor 8 via line 10
and enters a carbonylation reactor 11. The carbonylation reactor.
containing an alcohol carbonylation catalyst, is maintained at pre-
selected reaction conditions of temperature and pressure so that a
vapor phase reaction takes place in which the alcohol-containing
feedstock is converted to oxygenates, most preferably containing a
large fraction of acetic acid or methyl acetate. The product stream, in
gaseous form, exits the reactor 11 via line 12 and enters a refining unit
13, wherein the product stream is condensed to form a gas phase and a
liquid phase. The refining unit may be controlled so that a product
stream consisting essentially of acetic acid is removed from the
refining unit via line 14 and recovered essentially free of esters,
anhydrides, and mixtures thereof. The gaseous and liquid residuals
are removed from the refining unit via line 16 and recycled to the
reactor 8 via lines 16 and 18 and/or to the reformer unit 4 via lines 16
and 20.

As shown in Figure 2, the carbonylation reaction can be
carried out by passing the substrate to be carbonylated and synthesis
gas over the catalyst as a vapor phase reaction or as a liquid phase
reaction, e.g., a slurry reaction. As shown in Figure 2, methanol can
be formed in situ by feeding synthesis gas to a methanol producing
catalyst that is coupled to the carbonylation catalyst either in the same

or different reactors. If desired, either methanol, synthesis gas or both
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carbonylation catalyst.

The reactors described with reference to Figures 1 and 2
may be a tube and shell design reactors, wherein the catalyst is a fixed
bed catalyst and the reaction takes place in the vapor phase. Other
types of reactions and, correspondingly, reactors that can be used
include a fluidized bed, where the solid catalyst system is fluidized by
the incoming gas stream. a slurry reactor where the catalyst is
insoluble in the reaction media, or a bubble column reactor. When
acetic acid is the desired product, it will be the most corrosive
component in the reactor so the material of construction for the reactor
need only be stainless steel, a relatively inexpensive material as
compared to the exotic materials, such as Hastelloy C or zirconium
clad Hastelloy, used in commercial processes employing a
homogeneous iodide-promoter.

From the above description, it should be readily apparent
that the reactor and refining section are highly simplified when a
vapor phase reaction is utilized because there is no liquid recycle of the
catalyst system. Moreover, because iodide promoters are not needed
for this invention, apparatus to recover the highly corrosive iodide
from the product stream can be eliminated.

One embodiment of this invention provides an integrated
conversion which permits the use of a single reactor constructed of
lower cost materials to convert, in the presence of a unique multi-
component catalyst, a feedstock comprising hydrogen and carbon
monoxide to, most preferably, acetic acid under uniform temperature
and pressure processing conditions. While specific reference in

describing the Figure 1 has been made to the manufacture of acetic
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acid. this invention, as described heretofore, is capable of producing
any of a variety and/or combination of oxygenates. A plurality of dual
catalyst bed reactors may employed in the practice of this invention.
Likewise, a plurality of separate reactors for steps (a) and (b) described
above may employed in any permissible combination.

The processes of this invention may be carried out using,
for example, a fixed bed reactor, a fluid bed reactor, a continuous
stirred tank reactor (CSTR) or a slurry reactor. The optimuim size and
shape of the catalysts will depend on the type of reactor used. In
general, for fluid bed reactors, a small, spherical catalyst particle is
preferred for easy fluidization. With fixed bed reactors, larger catalyst
particles are preferred so the back pressure within the reactor is kept
reasonably low.

The processes of this invention can be conducted in a
batch or continuous fashion, with recycle of unconsumed starting
materials if required. The reaction can be conducted in a single
reaction zone or in a plurality of reaction zones, in series or in parallel
or it may be conducted batchwise or continuously in an elongated
tubular zone or series of such zones. The materials of construction
employed should be inert to the materials present during the reaction
and the fabrication of the equipment should be able to withstand the
reaction temperatures and pressures. Means to introduce and/or adjust
the quantity of starting materials or ingredients introduced batchwise
or continuously into the reaction zone during the course of the reaction
can be conveniently utilized in the processes especially to maintain the
desired molar ratio of the starting materials. The reaction steps may
be effected by the incremental addition of one of the starting materials

to the other. Also, the reaction steps can be combined by the joint

109%&' ()- F10%& ()-L 109%& ()-10%& ()-9 10%& ()- 99dR=2002
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addition of the starting materials. When complete conversion is not

desired or not obtainable. the starting materials can be separated from
the product and the starting materials then recycled back into the
reaction zone.

For purposes of this invention, the chemical elements are
identified in accordance with the Periodic Table of the Elements
reproduced in "Hawley’s Condensed Chemical Dictionary" 12th Edition,
Revised by Richard J. Lewis, Sr., Van Nostrand Reinhold Company,
New York, 1993.

The following examples are intended to demonstrate the
unexpected advantages, uniqueness and superiority of the invention as

compared to the prior art.

Example 1

The reaction system consists of a feed system, a fixed bed
reactor, and an on-line analyzer. The system is capable of high
temperature and high pressure operation. In the feed system, a
synthesis gas feedstock is first passed through an activated carbon
trap to remove metal carbonyl contaminants. The purified feedstock
then passes through a mass flow meter and into the reaction tube
inlet. The reaction tube is stainless steel and is heated with an air
fluidized sand bath. The gas product stream exiting the reactor enters
into an analytical section equipped with switching valves that provide
0.6 milliliter reactor off-gas samples that are analyzed in a Varian
3700 gas chromatograph equipped with two detectors. Hg, N», CO and
CO2 are separated on a 10’, 1/8", 80/100 Carbosieve S-2 column
purchased from Supelco and detected by thermal conductivity. All

organic products are resolved on a 12’, 1/8”, 80/100 Tenax column
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obtained from Alltech and detected using flame ionization. Argon is
used as the carrier gas for both columns.

A reactor tube was first charged with quartz beads
followed by 1.0 gram of a Cu-Zn oxide methanol synthesis catalytic
component (United Catalyst No. 2537-S) that was bulk mixed with 2
grams of quartz beads. This catalytic component was reduced at 270°C
in a 5%H2/95%N: stream for 6 hours.

As the heterogeneous alcohol carbonylation catalytic
component an iridium and palladium exchanged H3W 2 POy
heteropoly acid catalytic component was used. The component was
prepared by the procedure described in U.S. Patent No. 5,330,935, as
follows:

PA(NO3)2 (0.23 grams) and IrCls 3H20 (0.37 grams) were
added to 50 milliliters of degassed methanol under N3 in a Schlenk
flask and stirred for 0.5 hour. Next, HsW 2P0, (6.50 grams) was
added and the mixture was stirred for an additional 1 hour. Activated
Grade 12 silica gel (SiO2) was added and the slurry stirred for 4 hours.
The methanol was then removed at 80°C, under vacuum, yielding Ir-
Pd-H3W12P0.,0-Si02. This catalytic component has essentially the
same composition reported for Example 17 of U.S. Patent No.
5,330,955, where the mole ratio of M1:M2:H3W,2PO.0 is approximately
1:1:2 with M1 being iridium and M2 being palladium.

The reactor tube was opencd and 2.069 grams of Ir-Pd-
HsW12P0.40-Si02 mixed with 2 grams of quartz beads was added to Cu-
Zn oxide methanol catalytic component in the reactor. The reactor
tube was then connected to the reaction system and the entire system
flushed with nitrogen. The reactor bed was packed in such a way that

the incoming synthesis gas first contacted the Cu-Zn catalytic
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component. and then the reaction stream contacted the Ir-Pd-
HsW .P0.,0-S10..

The reaction zone was maintained at a uniform
temperature of about 235°C and a uniform pressure of about 1000 psig
with the synthesis gas having a hvdrogen to carbon monoxide molar
ratio of 1:1. The GHSYV of the syn gas fed to the reactor was 6000/hr.
After 16 hours of reaction a sample of the reaction menstruum was
analvzed. The analysis showed the carbon monoxide conversion was
about 5% and the reaction product distribution was CH; = 15.1%, CsHg
= 4.1%, CH30H = 62.1%, and CH3COOH = 17.5%.

The catalyst was relatively stable over the test period of
168 hours. The stahility of the catalyst was surprising because the
heterogeneous alcohol carbonylation catalytic compound significantly
deactivated after 8 hours when only methanol and carbon monoxide
were fed to the reactor. The presence of hydrogen and carbon
monoxide in the reactor appears to be the reason for the unexpected
increase in the stability of the heterogeneous alcohol carbonylation

catalytic component of the catalyst.

Example 2

A Ir-Pd-H3W;:PO4-Carbon catalyst was prepared as
follows. PA(NO3)2 (0.23 grams) and IrClz 3H20 (0.37 grams) were
added to 50 milliliters of degassed methanol under N2 in a Schlenk
flask and stirred for 0.5 hour. Next, HiW12PO.0 (6.50 grams) was
added and the mixture was stirred for an additional 1 hour. Activated
Carbon (3.90 grams, Calgon 35-100 mesh) was added and the slurry
stirred for 4 hours. The methanol was evaporated and Ir-Pd-

HiW,2P04y-Carbon was recovered.
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2.002 grams of Ir-Pd-H3sW 2P0 j0-Carbon was charged to

the reactor as described in Example 1 and the reaction was carried out
similar to Example 1 at 235°C and 1000 psig with Ho:CO = 1:1. After
16 hours of reaction a sample of the reaction menstruum was analyzed.
The analysis showed the carbon monoxide conversion was about 7%
and the product distribution was CH, = 45.4%. CoHg = 7.7%, CH30H =
30.1%, and CH3COOH = 13.1%.

Example 3

A Ir-Pd-Cs-H3yW 2P0 catalyst was prepared as follows.
PA(NO3)2 (0.23 grams) and IrCl; 3H20 (0.37 grams) were added to 50
milliliters of degassed methanol under N. in a Schlenk flask and
stirred for 0.5 hour. Next, HsW12PO4 (6.50 grams) was added and the
mixture was stirred for an additional 4 hours. After this time CsCO3
(0.67 grams) was added and within 2 minutes a precipitate formed.
This mixture was stirred for 16 hours after which the methanol was
removed by vacuum and a gray powder (Ir-Pd-Cs-H3W2PO.0) was
recovered.

2.001 grams of Ir-Pd-Cs-HyW,:POy was charged to the
reactor, in the absence of a support, as described in Example 1 and the
reaction was carried out similar to Example 1 at 235°C and 1000 psig
with H2:CO = 1:1. After 16 hours of reaction a sample of the reaction
menstruum was analyzed. The analysis showed the carbon monoxide
conversion was about 6% and the product distribution was CH; =

32.8%, C2Hg = 4.4%, CH30H = 45.1%, and CH3COOH = 15.9%.

Example 4
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RuCl; (0.27 grams) was dissolved in 50 milliliters of degassed
methanol. Next, HsW12PQyo (6.50 grams) was added and the mixture
was stirred for an additional 4 hours. SiO2 (3.90 grams. Grade 15) was
added and the slurry stirred for 4 hours. The methanol was
evaporated and Ru-HsW 2P0 19-Si02 was recovered.

2.001 grams of Ru-HsW 2P0 19-Si02 was charged to the
reactor as described in Example 1 and the reaction was carried out
sitmilar to Example 1 at 235°C and 1000 psig with H2:CO = 1:1. After
16 hours of reaction a sample of the reaction menstruum was analyzed.
The analysis showed the carbon monoxide conversion was about 5%
and the product distribution was CH, = 13.2%, C:H¢ and C3Hs = 10%,
CH30H = 55.1%, and CH3COOH = 21.1%.

Example 5
A Ru-HsW 1,P0Oy4-Carbon catalyst was prepared as

described in Example 4 except 3.90 grams of activated carbon was used
instead of silica. 2.003 grams of Ru-H3W,»PO4-Carbon was charged to
the reactor as described in Example 1 and the reaction was carried out
similar to Example 1 at 235°C and 1000 psig with H2:CO = 1:1. After
16 hours of reaction a sample of the reaction menstruum was analyzed.
The analysis showed the carbon monoxide conversion was about 6%

and the product distribution was CH, = 32.6%, C2Hs and C3Hs = 6.2%,
CH:30H = 45.1%, and CH3COOH = 15.9%.

Example 6
A Rh-H3W12P049-Si09 catalyst was prepared as follows.
RhCl3.3HO (0.28 grams) was dissolved in 50 milliliters of degassed
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20.1%, CH30H = 36.1%, and CH3COOH = 17.1%.

Example 7

A Rh-H3sWi2PO y-carbon catalyst was prepared as
described in Example 6 except 3.90 grams of activated carbon was used
instead of silica. 2.01 grams of Rh-H3W)2PO jg-carbon was charged to
the reactor and the reaction was carried out similar to Example 1 at
235°C and 1000 psig with H2:CO = 1:1. After 16 hours of reaction a
sample of the reaction menstruum was analyzed. The analysis showed
the carbon monoxide conversion was about 6.5% and the product
distribution was CH, = 15.9%, C2Hg and C3Hy = 12.1%, CH30H =
53.2%, and CH3COOH = 18.7%.

Example 8
Preparation of ZrO.-WO; solid super acid
82.3 grams of ZrOCl. 8H20 werc dissolved in 1 liter of
distilled H2O giving a clear solution. 30% ammonium hydroxide was

added drop wise until the pH remained > 9. Addition of the hydroxide
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was obtained. This powder was impregnated with 1.9068 grams of
(NH.)6H2W 2040 dissolved in 15 milliliters of distilled H2O. The damp
mixture was well stirred, air dried for 1 hour, and then placed in an
oven to dry at 120°C for 16 hours. The mixture was then calcined at
800°C for 4 hours from which 9.85 grams of a lemon yellow solid was
obtained. This material is considered to be the solid super acid TiO.-

WO3 with an empirical WOj3; loading of 23 wt%.
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700°C in static air for 3.5 hours to produce a green powder. This
material is considered to be the solid super acid HfO,-WO;3 with an

empirical WOj3 loading of 13.5 wt%.

Example 11

Preparation of Ir- ZrO2-WO;4

Zr02-WO3 was impregnated with Ir by incipient wetness.
A variety of soluble Ir compounds can be used. For example, 0.0379
grams of IrCls:3H20 were dissolved in 3 milliliters of distilled H2O.
This solution was added drop wise with stirring to 2.0651 grams of
Zr0s-WO3;. Once the solid became damp addition of Ir was stopped and
the solid was dried at 120°C. This procedure was repeated until all the
Ir solution was utilized. The material was dried for 16 hours at 120°C

vielding 2.0365 grams of a yellow-tan solid. This material is
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conditions. Liquid feed, if used, was then added. In the case of
coupling a methanol catalyst with the carbonylation catalyst, the
reactor was first packed with the methanol catalyst and then packed
with the carbonylation catalyst. Synthesis gas first contacted the
methanol catalyst and that product stream then contacted the
carbonylation catalyst. Table A below contains data for various
catalysts prepared as described above used to carbonylate methanol to
methyl acetate or a mixture of methyl acetate and acetic acid. For all
examples, the reaction was carried out at 1000 psig with 1:1 H»:CO gas
feed. Methanol was fed to the reactor as a neat liquid at the reported
LHSV. The results are set forth in Table A. The amounts (in
parenthesis) of catalyst composition components set out in Table A are

given as weight percents.

Table A

Catalyst Pd Pd Pd Pt Ir Ir Pd
(0.5)- (0.5)- (0.02) (0.04) (0.04)- (0.02)- (0.1)-
ZrOs- ZrO2- ZrO»- ZrOz- ZrO»-  Pd(0.02)-  ZrOg-
WOz WO3; WO: WO WO, ZrOy- MoO3

(23) (23) (18) (18) (18) WO0,;(23) (12)

Temper- 320 330 300 300 300 300 300
ature, °C
Feed,
mole%
Ho 43.45 47.8 45.4 45.4 45.4 45.4 45.4
CO 43.45 47.8 45.4 45.4 45.4 45.4 45.4
methanol 13.1 4.3 9.5 9.5 9.5 9.5 9.5
Inlet 12000 12000 9500 9500 9500 9500 9500
GHSV, hr!
Inlet 1.5 0.45 1.5 1.5 1.5 1.5 1.5
LHSV, hr!
Product
stream,

mole %
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ether
methanol
methyl
acetate
acetic acid
methane
carbon
dioxide
Rate,
Ib/ft3cat/hr
acetic acid
methyl
acetate
MeOH

conversion,

%

CO
conversion,

%

| 109%t& () -
3X8X=XBXGXHXPXI - < | 109%&" () -

o ()

SW
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| 109%& () -
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-48-

24.2 113 593 579  58.1
216 168 276 256 2715
251 85 1.1 7.2 8.1
88 285 0 0 0
182 257 15 45 1.7
1.5 70 42 45 4.3
9.3  10.2 0 0 0
324 38 173 7.4 8.1
473 662 127 151 152
120 64 4.1 4.2 4.2

Examples 20-22

| 10918 () -

1 10%6+&1(7) JUL 2002

'pEQHIS30/02024
mXnX| XOOXXNN. < T 109%& () -

1 109%t& () - BW XXO00XXmW < | 109%t&' () -

274
7.3

3.2

3.9

7.6

13.6

5.1

Various liquid feeds were carbonylated and the results

are given in Table B below. The reactions were carried out similarly to

Examples 13-19. The results listed in column 1 demonstrate that

dimethyl ether is readily carbonylated to methyl acetate. The other

results indicate that mixtures of methyl acetate and methanol are

carbonylated. These results are important with respect to mixtures of

methanol, dimethyl ether, and methyl acetate being recycled back to

the reactor. The amounts (in parenthesis) of catalyst composition

components set out in Table B are given as weight percents.

Catalyst

Ir(0.1)-

Zr0Oy-

Table B
Pd(0.1)- Pd(0.1)-
ZrOo- Zr0o-
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| 109%4& O‘wé@%@é YsW< | 10% s' 10%t&' ()-F s' 10%& ()-F s' 1060907024

s 1098 ()YOPTERREE ()- sw YYY Yyywve< | F s  10%& ()-F s’ 109%& ()-5W O, )F
s' 10%& ()--F s' 10%& ()-F s' 10%& ()-YYY$Y)Y. Y/ Y )<5WO F s' 10%& ()-F

-49-
WO03(18) WO3(23) WO0i(23)
Temper- 300 325 315
ature, °C
Pressure, 1000 1000 1000
psig
Feed, mole%
Ho 48.4 47.9 46.2
CO 48.4 47.9 46.2
methanol 0 1.0 5.7
methyl 0 3.2 1.9
acetate
dimethyl 3.2 0 0
ether
Inlet GHSV, 9000 11000 8200
hr!
Inlet LHSV, 0.75 1.36 1.36
hr!
Product
stream,
mole %
dimethyl 58.6 14.7 23.1
ether
methanol 14.2 17.5 19.0
methyl 13.1 39.5 36.6
acetate
acetic acid 2.5 9.9 7.8
methane 9.1 12.2 11.7
carbon 1.2 2.7 1.3
dioxide
Rate,
Ib/fticat/hr
acetic acid 1.2 8.45 6.3
methyl 7.4 - -
acetate
Methanol - 72.3 61.2
conversion,
%
CO 12.0 8.2 13.7

conversion,
%
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s' 10%& ()-F s' 10%t& ()-F s' 10%t& ()-F s’ 10%& ()-F

s’ 109%t& () - YYYYYYYdD<SW O F s’ 10%¢&' () - Fq.

Examples 23-26

In the following examples, the reactor tube was first
packed with a Cu-Zn methanol producing catalyst followed by one of
the catalysts listed in Table C below. The tube was placed in an oven
and synthesis gas was passed through the tube contacting the
methanol catalyst first. The gas mixture then passed through the
carbonylation catalyst. The temperature and pressure were the same
for both catalysts. In no case was a liquid fed to the reactor. The
results demonstrate that the carbonylation catalyst can be coupled to a
methanol producing catalyst and that various Group 7, 8, 9, 10 and/or
11 metals form active catalysts. The results are set forth in Table C.
The amounts (in parenthesis) of catalyst composition components set

out in Table C are given as weight percents.

Table C
Catalyst Ir(1.0)- Rh(0.1)- Re(1.0)- 0s(1.0)-
TiO3- ZrO2- ZrO;- ZrOq-
WO03(23) WOs(20) WO3(23) WO3(23)
Temper- 275 300 300 275
ature, °C
Pressure, 1000 1000 1000 1000
psig
Feed, mole%
Ho 50 50 50 50
CO 50 50 50 50
Inlet GHSYV, 6300 7900 6000 6000
hr!
Product
stream,
mole %
dimethyl 38.2 28.2 23.6 61.7
ether
methanol 46.4 17.7 20.7 21.6

methyl 1.8 5.5 3.5 1.9
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acetate
acetic acid 0.1 0 0.4 0.1
methane 2.7 9.2 4.2 1.9
carbon 10.0 33.2 42.3 11.4
dioxide
Rate,
Ib/ft3cat/hr
acetic acid 0.1 0 0.2 0.1
methyl 1.1 4.7 2.9 1.1
acetate

Examples 27-31
In each of these examples, methanol was carbonylated to

a mixture of methyl acetate and acetic acid. The results are given in
Table D below. The reactions were carried out in a manner similar to
Examples 13-19. The results demonstrate that Group 10 and 11
metals impregnated onto catalysts containing tungsten oxide and

ziarconiuin oxide are useful in this invention.

Table D
Example Catalyst Temp, °C Pres- Carbonylation
sure, Rate 1b/ft3 cat-hr*
psi
27 Agos-Z2rO2-WO0O;, 300 1000 3.6
28 Ago23-ZrO2-WO3 325 1000 10.3
29 Cug.5- Zr02-WO3 300 1000 3.3
30 Pto05-Al2O3 300 1000 3.1
mixed with ZrOa-
WO,
31 Pd5.0-Si02 mixed 300 1000 1.1

with ZrO,-WO;
*Carbonylation rate is defined as acetic acid + acetic acid equivalents
in methyl acetate.

Examples 32-46
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Table E below. The reactions were carried out in a manner similar to
Examples 13-19. All examples were run at a pressure of 1000 psig , a
H2:CO ratio of 1:1, and the alcohol synthesis catalyst was United
Catalyst No. 2537-S. The results demonstrate that clavs may be

effectively used as the alcohol carbonylation catalyst.
Table E

GHSV hr! Productivity. lbs/fticat/hr

Catalyst °C 1%t 2nd HOAc MeOAc Total
' Stage Stage HC
Montmorillonite
H+ 300 6000 3000 0.08 0.10 0.98
Al 300 6000 3000 0.04 0.08 0.63
Ir-Al*3 300 6000 3000 0.05 0.47 1.44
Fet3-pillared 300 6000 3000 0.05 0.09 0.95
Ir-Fe+3-pillared 2560 6000 3000 0.02 0.27 0.65
Ir-Fe+3-pillared 300 6000 3000 0.05 3.21 6.53
Bentonite
H+ 300 6000 3000 0.04 0.04 0.46
Ir-Al+3 300 6000 3000 0.31 0.14 1.62
Ir-Fet*3 300 6000 3000 0.09 0.05 1.26
Ir-Al*3-pillared 300 6000 3000 0.87 0.10 1.21
Ir-Fe+3.pillared 300 6000 3000 0.15 0.11 1.23
Ir-H*-pillared 300 6000 3000 3.44 0.04 4.18
Ir-H*-pillared 250 6000 3000 2.64 0.02 3.32
Ir-pillared 300 6000 3000 1.25 0.04 0.90

Examples 47-50
The following examples were conducted in a stainless

stecl tube reactor heated by a Lindberg furnace. Syn gas flows were
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metered by a Brooks mass flow controller while liquid feeds were
delivered by a Gilson or Isco pump. The catalyst was ZrO2-W03g(18)-
Pd(0.05) and was obtained from Norton Corp. (Akron, Ohio), i.e.,

nominally contained 82 wt% ZrO2 and 18 wt% WO03. This material

was supplied as an extrudate. Prior to being used, this material was
calcined at 810°C for 3 hours and was then impregnated to 0.05 wt%
Pd by incipient wetness. Liquid products were collected in a condenser
that was maintained at room temperature. Collected liquid products
were analyzed by gas chromatography. The reaction conditions for

these examples were as follows:

Temperature = 325°C
Pressure = 1000 psi

Syn gas = 1:50 (H2:CO)
GHSV (hr) = 6000

LHSV (hr?) = 1.5

The reactants and observed carbonylation products for these examples

were as follows:

Reactant Carbonylation Products
ethanol ethyl propionate, propionic acid
diethyl ether ethyl propionate, propionic acid
propanol n-butyric acid

n-propyl ether n-butyric acid, propionic acid

The foregoing description of the preferred embodiments of
this invention and the examples are presented for purposes of best
teaching one skilled in the art how to practice the invention. It is not,
nor is it intended to be, an exhaustive description of every permutation

of the invention. Obviously, many variations and modifications are
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possible in light of the disclosure and readily apparent to a person of
ordinary skill in the art to which this invention pertains. It is
intended that the full scope of the invention be defined by the

appended claims.

<
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CLAIMS

1. A process for converting a feedstock comprising
carbon monoxide and hydrogen to a product stream

5 comprising at least one of an ester, acid, acid
anhydride and mixtures thereof which comprises
reacting, in a single reaction vessel, the carbon
monoxide and hydrogen in the presence of a catalyst
comprising an alcohol synthesis catalytic component

10 and an alcohol carbonylation catalytic component, the
composition of the components being different from one
another, under conditions of temperature and pressure
sufficient to produce said product stream.

15 2. The process of claim 1 wherein the alcohol
carbonylation catalytic component is a heterogeneous
catalytic component.

3. The process of claim 1 wherein the alcohol
20 carbonylation catalytic component has an acid strength
of less than or equal to -5.0 (Ho<-5.0).

4. The process of claim 1 wherein the alcohol
carbonylation catalytic component comprises a solid

25 super acid, heteropoly acid, clay, zeolife or
molecular sieve.

5. The process of claim 1 wherein the alcohol
carbonylation catalytic compdénent comprises a solid

30 super acid impregnated with a Group 7, 8, 9, 10 and/or
11 metal and/or mixtures thgreof or a heteropoly acid
impregnated with a Group 7, 8, 9, 10 and/or 11 metal
and/or mixtures thereof.

35 6. The process of claim 5 wherein the amount of
Group 7, 8, 9, 10 and/or 11 metals and/or mixtures
thereof impregnated onto said super acid or said

AMENDED SHEET
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heteropoly acid is from about 0.001 to about 10 weight
percent. )
7. The process of claim 4 wherein said solid super
5 acid comprises a Group 7, 8, 9, 10 and/or 11 metal

and/or mixtures thereof impregnated on a Group 4, 5
and/or 6 metal oxide and/or mixtures thereof, and
wherein said solid super acid contains from about 1 to
about 40 percent of at least one Group 6 metal oxide.

1.0

| 8. The process of claim 4 wherein said solid super

acid catalyst comprises palladium and one or more
zirconium oxides in combination with one or more
tungsten oxides and/or molybdenum oxides.

15
9. The process of claim 1 wherein the alcohol
carbonylation catalytic component comprises a
heteropoly acid represented by the formulae:

20 MaQboc
or

M,0,0.24

25
or mixtures thereof wherein M is at least one metal
selected from Group 7, 8, 9, 10 and/or 11 metals, Q is
one or more of a Group 4, 5 and/or 6 metal, O is

o oxygen, 2 is one or more of phosphorus, arsenic,

30 silicén or antimony, a is an integer having a value of
from 1 to about 5, b is an integer having a value of
from:1 to about 20, ¢ is an integer having a value of
from 1 to about 60, and d is a value having a value of
from 1 to about 5.

35
10. The process of claim 1 wherein the reaction is a

vapor phase reaction.
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11. The process of claim 1 wherein the feedstock is
synthesis gas consisting essentially of carbon
monoxide and hydrogen and the product stream comprises
acetic acid and/or methyl acetate.

12. A process for converting a feedstock comprising
carbon monoxide and hydrogen to a product stream
comprising at least one of an ester, acid, acid
anhydride and mixtures thereof which comprises (a)
reacting the carbon monokide and hydrogen in the
presence of a catalyst under conditions of temperature
and pressure sufficient to produce at least one of an
alcohol, ether, ether alcohol and mixtures thereof and
{b) reacting carbon monoxide and said at least one of
an alcohol, ether, ether alcochol and mixtures thereof
in the presence of a catalyst comprising a solid super
acid, clay, zeolite or molecular sieve under
conditions of temperature and pressure sufficient to
produce said product stream.

13. The process of claim 12 wherein steps (a) and (b)
are carried out in separate reaction vessels.

14. The process of claim 12 wherein the step (b)
reaction is carried out in the presence of hydrogen
and/or synthesis gas.

15. A process for converting a feedstock comprising
at leas; one of an alcohol, ether, ether alcohol and
mixtures thereof to a product stream comprising at
least one of an ester, acid, acid anhydride and
mixtures thereof by reacting carbon monoxide and said
at least one of an alcohol, ether, ether alcohol and
mixtures thereof in the presence of a catalyst
comprising a solid super acid, clay, zeolite or
molecular sieve under conditions of temperature and
pressure sufficient to produce said product stream.

AMENDED SHEET
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16. The process of claim 15 wherein the catalyst
comprises a solid super acid impregnated with a Group
7, 8 9, 10 and/or 11 metal and/or mixtures thereof.

17. The process of claim 16 wherein the amount of
Group 7, 8, 8, 10 and/or 11 metals and/or mixtures
thereof impregnated onto said solid super acid is from
about 0.001 to about 10 weight percent.

18. The process of claiﬁ 15 wherein said solid super
acid comprises a Group 7, 8, 9, 10 and/or 11 metal
and/or mixtures thereof impregnated on a Group 4, 5
and/or 6 metal oxide and/or mixtures thereof, and
wherein said solid super acid contains from about 1 to
about 40 weight percent of at least one Group 6 metal
oxide.

19. The pfocess of claim 15 wherein said solid super
acid catalyst comprises palladium and one or more
zirconium oxides in combination with one or more
tungsten oxides and/or molybdenum oxides.

20. The process of claim 15 wherein the reaction is
carried out in the presence of hydrogen and/or
synthesis gas.

21. The process of claim 15 wherein the reaction is a
vapor phase reaction.

22. A muiticomponent catalyst comprising (a) a first
component cépable of catalyzing a reaction of carbon
monoxide.and hydrogen to produce at least one of an
alcohol, ether, ether alcohol and mixtures thereof
and, (b) a second compeonent having a composition
different from that of the first component and capable
of catalyzing a reaction of carbon monoxide and said
at least one alcohol, ether, ether alcohol and
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second components are present as a physical mixture.

24. The catalyst of claim 22 wherein the first and
second components are provided on a support.
10
| 25. The catalyst of claim 22 wherein the second
component is a heterogeneous alcochol carbonylation
catalytic component.

15 26. A catalyst comprising (a) an alcohol synthesis
component which comprises (i) an alkali and/or metal
promoted MoS,-based material, Group 7, 8, 9, 10 and/or
11 metals with or without metal and alkali promoters,
mixed metal oxides of Co or Ni with Cu with or without

20 a trivalent metal ion and with or without alkali
promoters, and mixtures thereof, or (ii) an alkali
and/or metal promoted ZnCrO, MnCrO and ZnMnCrO, alkali

| and/or metal promoted Cu/Z2nO materials, and mixtures
thereof, or (iii) mixtures of (i) and (ii), and (b) an

25 alcohol carbonylation catalytic component comprising a
solid super acid or a heteropoly acid represented by
the formulae:

M.Q:x0.
30
or

MaQbocZ d

35 or mixtures thereof wherein M is at least one metal
selected from Group 7, 8, 9, 10 and/or 11 metals, Q is

one or more of a Group 4, 5 and/or 6 metal, O is
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oxXygen, Z is one or more of phosphorus, arsenic,
silicon or antimony, a is an integer having a value of
from 1 to about 5, b is an integer having a value of
from 1 to about 20, ¢ is an integer having a value of

from 1 to about 60, and d is a value having a value of
from 1 to about 5.

27. A solid catalyst for the carbonylation of a
feedstock comprising at least one of an alcohol,
ether, ether alcohol and-mixtures thereof to a product
stream comprising at least one of an ester, acid, acid
anhydride and mixtures thereof, by reaction thereof in
the vapor state, said catalyst selected from a solid
super acid, clay, zeolite or molecular sieve.

28. The catalyst of claim 27 which comprises a solid
super acid impregnated with a Group 7, 8, 9, 10 and/or
11 metal and/or mixtures thereof.

29. The catalyst of claim 28 wherein the amount of
Group 7, 8, 9, 10 and/or 11 metals and/or mixtures
thereof impregnated onto said solid super acid is from
about 0.001 to about 10 weight percent.

30. The catalyst of claim 27 wherein said solid super
acid comprises a Group 7, 8, 9, 10 and/or 11 metal
and/or mixtures thereof impregnated on a Group 4, 5
and/or 6 metal oxide and/or mixtures thereof, and

wherein said_.solid super acid contains from about 1 to

about 40 weight percent of at least one Group 6 metal
oxide.

31. The catalyst of claim 27 wherein said solid super
acid catalyst comprises palladium and one or more
zirconium oxides in combination with one or more
tungsten oxides and/or molybdenum oxides.
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