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WO 2006/121778 PCTIUS2006/017219 PROCESS FOR

CARBONYUATRION OF ALKYL ETHERS BACKGROUND OF THE/1s2006/017219
INVENTION [00011 This invention relates to an improved process for the
production of methyl acetate 5 from dimethyl ether, and more generally to

the productigpepf phyhRIEIS At BUNRIIA PRPOOHIA AHNS. WTHiE RS

carbonylation of alkyl ethers. In another aspect this invention relates to
the production of lower aliphatic carboxylic acids by first producing an

alkyl ester from a lowep alkylrathaialipwed: by hydrofysis of the ester to
e acid, An example f this is the production of acetic acid by
e S RIS 51 TGP P oSO B A b gl aceate
frimydiohesiylofittee esdentecprocudyy aeéticpacitcfRO0T]aTheé eniest mi‘ alb;bylauc
S for od cetl aC|d the car ati

R e S R e i g s
tomwczmtmdﬂwqmﬁmasmbsmwmﬁsm@t rictieingoe @ﬂ*{oﬂo@@sg“rom a
loEARPLIfer SRAIRSLN YD EATRALAIONAYIEG R ARALRRN MORORHTT of this i the

contalnln% gas in the préseénce of a 15 rhodium- or iridium-containing

Pregshier oharfiaatidibharpresdnion of dimedybetlitistafigrm methyl acetate,
folEHAR) S ANIABINAIOIMOLSkr hpraWwislely used, nonetheless these

processes require the use of expensive corrosion-resistant alloys due to

[olepregencsoaf \adide apg irpeitiln prrecdtipprodlenbleyele @i acid is the
?&dln cont%mln%]ﬁﬂigroducts that ar %gilfflcultio remove from the acetic

G5 SR biahitisesate SSReRihde PSS RApYbS- L0 emend
1,haveeernd mﬂnyﬂsﬂgafe@ Josthis teaction, hubatope:hd\edeeen methanol is

reggmc{"m{ﬁ'?“% fg'ma’rﬁé’ due t%b%s%%%op‘?{ Q-%%Ef IRhaetme Ad cence of a
Sel ectivity Fhdefate 1s an important compound used

rhﬁrfau@m@nIylmtpwgchmgah@v@cesébfsaqbattmwﬂaﬂysasca @é@dlma@e(usually
ioBRAUCHRR.RhAPRIA ARNYRTING IRREHOR ALY Cn%ﬁ@hefé@ﬁ%@s@‘f%%@s@é&%ﬁ% the

be used for the production of ethylidene diacetate, a precursor to 25 vinyl
v tETEHT ENRARPaCEME! Birsatin Lriisriras se thiadgesreitrert

ORI eSSl g8s; canddﬁhemmiﬂgsu@@dwﬁt@mm@&fﬁm hambat fom the
methanol. LOOO41AigstrHPer of atents d % e ces es in whic

ace{m ano yO?Da rﬁl& ure (0] Ome |me er?gt%grsooﬁ tFI{leg)aVﬁ been

inﬂmtmze@@ fioelos aeeaiatyétut‘ﬁyprehﬂyetheep m@uuwmbzadmmlmfdacemssues
ﬁﬁ'&?ﬂﬂ%ﬁﬁéﬂﬂ@&ﬂ%&%cﬁfﬂmes also including acetic anhydride. In 30

those patents it is disclosed that one of the reactions that may occur is the
_[()ﬁ@gl? Onxlﬁt]i!ﬁ)yrl Qéetate is an important compound used industrially in petrochemical
processes, particularly as a feed for the production of acetic anhydride and/or acetic acid.
Methyl acetate can aiso be used for the production of ethylidene diacetate, a precursor to
vinyl acetate and polyvinyl acetate. Dimethyl ether may be readily produced from synthesis

gas, and the cost of iis production can be lower than that of methanol.

{0004] A number of patents describe processes in which methano! or a mixture of methanol
and dimethyl ether is carbonylated in the presence of a catalyst. Typically the products are a
mixture of acetic acid and methy! acetate, sometimes also including acetic anhydride. In
those patents it is disclosed that one of the reactions that may occur is the carbonylation of

dimethyl ether to form methy! acetate. Typically, however, dimethy! ether is not used as the
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dimethyl ether to form methyl acetate. Typically, however, dimethyl ether

is not used as the -1 WO 2006/121778 PCT/US2006/017219 sole or

evem asithe prisnary component of the feed, but as a minor comgonertdms/e17219
methanol streams. [00051 For example, German OLS 3,606,169 of BASF

séq\%fcj? 8'9%%%%%%%% ol & el methanat.mehvbassiple methanol

an imethyl’ether'to produce a product containing 5 acefic acid,
s/l acetate and/or dimethyl ether in the presence of a
cobalt-containing zeolite catalyst. The greferred zeolites are those of the

[0095Ing serersititpn € winarpole A0S, ifvphidtiiied betivelonct sshoay Blifpot 2
ASRHEA AR INASHah 1R ZaRlite 9K amg A Gk Janes: ghaduddentaining
patent 6,130,355, disclose a process e{% c_ar:{)h%nylatlon of metl{é%‘uol and/or it
agfftfethish SRR LG Bt e AE AR IR g e AR S Rkt P e mng zeolite
cleastonenSiaprrddWliobletnetall hbabgepatethcdmpeowid asre sizes

. cocatalyst, and an jodide.salt as catalyst stabilizer..OQther patents

11&%8?8%1%% Begzeé%%t 052 Pf %-—%}l& QR l?lOSB dog Fapum zeﬁ“:lgfas X and Y.

r pro 1on of acetic acl or me acetate,

' ich dimethyl ether ma r in,the feed in_a.mixture with
Rt e S PR A SL455 Bp  S s G o of mthanc
apdiiolishedtbyiplibationpREREE 003496 vaihpfZekllett compages opatéenrs one Group
\ﬁﬂ%%b%g%éafz%@iﬁgge@%@ Al HiARseRsLakhRRd md 28 Bk 00088 st

et al.) disclosé processes in which syngas is first used to produce
steletizanof) ter ctratidbsclosinmmiees it tonmrotintion ef aseif tradApdiaranethyl
ae?hmaﬂﬂf'%@%ia{aﬁyﬁa@%%%%@r@ﬁ%@ i@ﬂi}?ﬁd@&@%ﬁaiﬁ&ﬁ&ﬂﬁﬁﬁ%ﬁhoi
_other references investigated carbonylatio imethyl ethey. as.t
A1) DB ol Tee D A EUE B P 200 0054951,
AGTplgiedengs el 8lphtéfs parmoR G 3630658 HisCidssssuchah)pretesa 8,871

in which the catalyst is a Group VIl noble metal catalyst, wit .1
R B Ra S A el o B L QB ol which i
e sentimetheitedotethiiotigh asttringtotvertisoibisteoafridieccparshciped as a
r}%ﬁ& g§g&at_ lower concentrations than typical in the prior art. The major

product was acetic acid. [00081 Wegman (U.S. patent 5,218,140)

[ﬁmnn’seéﬁ'vr&gl Bﬁﬁyﬁé%ﬁéﬂﬂééﬁ&%ﬁf 0 IO Pt Hﬁbﬂ&ﬁ&t@r@é@%% primary
acetic acid using heteropolyacid catalysts. The patent contains a m(l[JJpS c;)fateﬂt

Xl RPN OS it Fetl TR R TR o 98 S TSR Rl eecs 81 85)

mguey/er dinnseueX ReHFBERE e dome@saianstasmelfylp atetasbwasetal catalyst,
relatively low. . o .
with a halide-containing cocatalyst and methyl todide as a promoter. Water was present in
the reactor, though according to the disclosure of this patent it was used at lower

concentrations than typical in the prior art. The major product was acetic acid.

[0008] Wegman (U.S. patent 5,218,140) experimented primarily with the carbonylation of
methanol to produce acetic acid using heteropolyacid catalysts. The patent contains a group
of experiments in which the feed was dimethyl ether (Examples 28-33); however, in those

experiments the conversion to methyl acetate was relatively low.

[0009] Sardesai et al. (Energy Sources 2002, 24:301) also carried out carbonylation of
dimethyl ether with a number of heteropoly acid catalysts, which gave results that varied
widely in terms of conversion and selectivity to methyl acetate. Bagno et al. (J. Org. Chem.
1990, 55:4284) ran such a reaction with so-called "super-acid” catalysts including BF; and

triflic acid, again with varying results as to selectively to methyl acetate.



10

15

20

25

30

[0009] Sardesai et al. (Energy Sources 2002, 24:301) also carried out
cartborietidi’ef dimethyl ether with a number of heteropoly ackd T/U52006/617219
catalysts, which gave results that varied 30 widely in terms of conversion
and selectivity to methyl acetate. Bagno et al. (J Org. Chen:. 1990,
55:4284) ran such a reaction with so-called "super-acid" catalysts
including BF3 and tW%WWtﬂE/% LENE R o selectively to
[onehyiaceiatan Wn2006tk2A 748 AEI/iS AIGHIALEARE D BRI comprising a
SUMMARY OF. THE INVENTION,[00101 In.brief, this invention compri
o LSOk ARG T DR C EOMB S 4 o BT Sl O R ther
withwertatiphatioxidebo ki prasideeaifwrigiigst cautingiad owedeality kother f§rierite
ith car noxide in. the presence of a catalyst comprising mordenite
un\z;gr?(rj §r% gdgrllg}eamg aﬁ@ﬁe%@u%&stan%aﬁy anhydrous conditions. [00111 More
NIgale DRt ATl GPRIRRGS, A RIRCeSR LR RA A R H¥tny
[Ogggfateﬁ%?}é r%agt}i%n. g%‘ ’gﬁﬁethy{’@éﬁer with car on mg%oxide in %he : d
aqstaisdrosastigreafaipsetod sipeisiig: siobas menandoinriiiprsnemabn catalyst

coﬂgﬁé ialyanhydmeus eqnditiensdtd BRERRESGRBMON QA FHE
DRAWINGS 100121 Figure 1 depicts formation rates of methyl acetate

using various zeolitgg ag: ¢atalysipgaosidatesforine progcess of this

invention. [OO%S}] Figure 2 depicts the formation rate of acetic acid using
7

1093 mverah eSS dORHURISTGE B BIOESE BirtHi VBRI oy tes s catalyst

A a4dsHigure Broepicts e foreration rate of methanol using an
H-mordcnite zeolite catalyst for the process of this invention. [00151

[doicyre #idepictadprifary atinntiateat bydeetateanssisging Hrorbydhondenitdite

zeolite. catalyst for t rocess of this invention. [0016] Figure 5 depicts
c%%%ﬁ%%%% }}?hp Jnyent

OUTEL Selectivities 2o [0017] Figure 6 depicts the formation

of methyl.acetate usipng H-mordenite zeolite, catalystin the.presen
! N EaPLGR IR
[d’élﬁ?é ab%s}gﬁrcegag?ﬁﬁ%rg{gepﬁgfﬁat Oélﬁeagec?%ﬁﬁ}[e?n%&ﬁ]rg?%%giaA‘{’éﬁg e
cDES TR FHE| OGS F of 1S INKEENTION [0018] In brief, this invention
comprises a process for producing a product comprising a 25 lower alkyl

[W8d68r offagowdrdatipliatic fembatigticataid brdrndashegsrasied g Bioweleailgfeolite
czﬁ% for the process of this invention.

[0016] Figure 5 depicts calculated product selectivities.

[0017] Figure 6 depicts the formation rate of methyl acetate using H-mordenite zeolite

catalyst in the presence (and absence) of hydrogen in the reactant mixture.

DETAILED DESCRIPTION OF THE INVENTION
[0018] In brief, this invention comprises a process for producing a product comprising a
lower alkyl ester of a lower aliphatic carboxylic acid comprising reacting a lower alkyl ether
with carbon monoxide in the presence of a catalyst comprising mordenite or ferrierite, under

substantially anhydrous conditions.

[0019] More specifically, the invention herein comprises a process for producing methyl
acetate by reaction of dimethy] ether with carbon monoxide in the presence of a catalyst

comprising mordenite or ferrierite, under substantially anhydrous conditions.
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with carbon monoxide in the presence of a catalyst comprising mordenite

OigHiGENe: #ader substantially anhydrous conditions. 100191 More. o0 o
specifically, the invention herein comprises a process for producing met yf

acetate by reaction of dimethyl ether with carbon monoxide in the

[0 8k et 6PRRRREN S BORLHIDHS R RIS FERIRS S fariBRtEY L mgarer alkyl etber,

thaupstaptabranhydiguscangitians. 3 WO 2006/121778
PCTIUS2006/017219 [00201 One component of the feed to the process

comprises (primarily) a lower alkyl gthey,rthat is, a compound having the
. formula Rr-Q-R2 in which R1 and R2 are independently C1-C6 alkyl
n féﬁ'&?b + O ROGRIALT O A @é@%@%&@f&ﬂg ar}éa&%ﬁ?&rtgtspame
allglenberapcarhevaiomsbargbepsoR hiamnd 8 2rdu RpthRRareRlkyll R, are alkyl

rOUPS.is from 210 1 ferably from 2 tg 8, most, preferahly fr t0. 6.

o A Lk A A B e R Sy v
andtRaigvtsoiaightatkyingrbupgriavingoftane frn Bl e airo v iatbmis dladrgrifuRs having
R ARBIERS &f&HP{K!R%-#ﬁefS%%J%@gXA?Q%r cpo%g)e.}ﬂ% Gl is 2 cyctic

number of carbon atoms is preferazbly from 2 . 10 [0021] The reaction

cthsub kit todp] BerelsiefearherRiamRy prefiorbly RETORS: [0022] The term

[otaify!"Br usedheseirdameans.aispisightor branched chain, or cyclic,
saturated aliphatic group, or a combination thereof, that has the number of

carbon atoms 15 designated(-g, c3:meangdhreg carbon atoms).
Examples of acyclic alkyl groups include groups such as methyl, ethyl,
n-propyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl, and the various
[0gEMty [ Tdnddiex{dlisdmerssdd tarmpl escafcy etiebiialkybgralips dheluger cyclic,
cvclopropyl.. cyclobutyl, cyclopentyl,.and eyclohexyl. Combinations of
S RS 5 SN e g ol e el B e WIREe B bR g
deggorsplifjimethytaoydlopropitetiatbresy. Beangdesaf Rishentkyhiphdnelsde
used herein re{%r] t turated aliphatic moieties that may .form tw
e L SRS BT, PHIC ot e A o i Pty and he
variathydens apCidy), iethyden EHOHRE by divd] by enaft-Brad6]yiitepyl,
cyBUHIBACIERRAMANT, SHEAIAN. Ot BARCNSHCBA A1QlRRa SEARDLERA Doups
_“alkylene groups are preferred for use in the processes of this invention.
include, for example, cyclopropylmethyl, cyclobutylmethyl, cyclopropylethyl, etc.
10023] The term "alkylene" as used herein refers to saturated aliphatic moieties that may
form two single bonds with other moieties. This group includes, for example, methylene
(-CHy-), ethylene (-CH,CH,-) and hexylene [(-CH-)¢]. While alkylene groups may be
straight or branched chain groups, straight-chain alkylene groups are preferred for use in the

processes of this invention.

10024]  1If the ether is a symmetrical ether, ¢.g. dimethy] ether, the main product will be the
corresponding alkyl ester of an aliphatic acid (in this case, methyl acetate). If the ether is
asymmetrical, the product will comprise one or both of the two possible carboxylic acid
esters, depending on which of the two C-O bonds is cleaved in the reaction. For example, if
the feed is methyl ethyl ether (R; = methyl; Ry = ethyl), then the product will comprise ethyl

acetate and/or methyl propionate.
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25100241 If the ether is a symmetrical ether, e.g. dimethyl ether, the

%Q@B@ijﬁiﬁwm be the corresponding alkyl ester of an aliphatig-acighdimi7219
this case, methyl acetate). If the ether is asymmetrical, the product will

comprise one or both of the tw ibl boxyli id_est .
10033 e AREPBH HRIERTSPLAS WO Ho RIS SRR TR Ao Eor ™
fee&r?ﬁwjﬂ ptgnfbi‘iibled@ﬁﬂﬁﬁaﬁ‘ﬁbbl;d etfylretiveniRie GOathivieRenplethylhothernoxide

t rodu il comprise eth Q e | :
R A8 BT BO L L0. (DUL] & S sone oyt do
nottheepiocedtitha feeverommmisheatisthenioHeiselr Fhesifedticmay y droges,
it YIRS RNt AlRES farRRBANEXINE.(GR) Jakmrampie.cathon

monoxide typically provided by suppliers of industrial gases, or the fe&d

compayecE RAIALIF BITRRL thateleOHBETRIRWMEPY [ HHE O EIdRost tathesis gas
viadlk §1B8E R fhaslasied asier osuelasihydrogen, 5 nitrogen, helium,

argon, methane and/or carbon dioxide. For example, the feed may
[o@@mpmﬁ@ ﬁ(«i@dﬂ%&dﬁdﬁﬂi@&é’éﬂm@?%m&memtaﬂﬁdbmmwhs@y@mbrg@erfor

rom synthesis gas via a cryogenic separation and/or use of a membran
X8 FHE A AS PBEHA COR AT QLRSS B of >
cndeydsegienrbothaxamplel thesfadesnayg beyavivay i ougamroryrkngwis gempounds,

nthesis i.e. any of a numb IS, el -

o T 5 LS A AR AL o
richantisalanty fottestarorfia spnibesiknSyntratisnasfeymvmlpradiiespghnd

oxg%é}?gr?g PonHichSuBsIancas With HQaHAREARLSR IIOMBSide and
eam reforming) or with steam and oxygen (a partial oxidation process).
hydiese geba iRy RHINPeHFbBrP RGBT %%P&gﬁé‘ﬂ,“é‘ﬁ%gﬁ’aﬁe
abﬁim&gts%%mlhgﬁgw tH@%ﬁéﬁ&rb@wﬂH@édﬁamﬁf@&m fiodubfhg acetic
ability to use synthesijs gas provides another advantage aver processe
e B LCHEE B PR F R o Ry N SO s e T
mexpRNsiveceatheiimarostice tecdclmnimethanbbeorsiogtic &eibioproceskes,
the inclusion of hydrogen in the feed can.re in: RICHO ;
R N T e ol
pudédy lserbenanenddale20 [0027] The catalyst is composed of mordenite or

ferrierite, or mixtures or combinations of the two, either per se (i.e., in the
[06RTH Torrmsigbibieigmensn dltarerss4iiher demits Ener FRBRTE g BPnations of
hORHONAN9BrexehaNgeahORRPREH Withe QS QfERRIEIMNEEISBNGIAS and H-
co

ferrian%.%[’or optionally ion-exchanged or loaded with one or more metals such as copper,
nickel, iridium, rhodium, platinum, paltadium, or cobalt. Mordenite catalysts may, in
addition to silicon and aluminum atoms, contain further elements in the zeolite framework,
particularly gallium and/or iron. Ferrierite catalysts may, in addition to silicon and aluminum
atoms, contain further elements in the zeolite framework, particularly boron, gallium and/or
iron., Framework modifier elements to both types of catalysts may be introduced to the
framework by any conventional means. Where a framework modifier element is used in
either a mordenite or ferrierite catalyst, the catalyst suitably has a ratio of silica to the oxide
of the framework modifier element would be from about 10:1 to about 100:1. T-atom
incorporation where T is B, Ga or Fe into zeolites of the ferrierite structure is disclosed m
Melian-Cabrera et al., Catalysis Today 110 (2005) 255-263; Shawki et al., EP (Application)
234,766 (1987), Sulikowski et al., J. Chem. Soc., Chem. Comm., 1289 (1989; Borade et al.,
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nickel, iridium, rhodium, platinum, palladium, or cobalt. Mordenite

calglyeisiays in addition to silicon and aluminum atoms, contgin fuh&lo1 7210
elements in the zeolite framework, 25 particularly gallium and/or iron.

Eerrierite catalysts may, i ition tq silicon and alumi ,
B BB ST A . 1. Tt
ingaiiermiam tier zéditesod the workamsdifruc slemdnts thebibtiiaypesiafr Fe is
digc%%%s}s ﬁ%}pﬁ]@%g%qut_o the framework by any conventional

means. ere a framework modifier element is used in either a

[0fSldeMedsnisrtromecatarstilabls eatitysiosderiisy s moakaistgikEangdenite)
is thaaide A%ief thefiansuarkmedifietele nent-youd D& from abawdike in its

to about 100:1. T-atom incor?oration where T is B, Ga or Fe intg zeolites

Nesfora feHiueis strsar OARRsdsed TOME MR SatiarastinO e sk 1
av-ﬁﬂéiﬂh; ﬂcé-ﬁll @Qﬁﬁ})ke%ﬁml i &ﬁ!ﬁ%ﬂlﬁ‘&@l Gi’ﬁs@cmm@@ﬁﬁ@rﬂeﬁ%%ﬁﬁ another

1987), Sulikowski et.al., J. Chem. Soc., Chem. Comm., 1289 (1989);
mbRpR &%?%lw SIS T R PO AT ST P enﬁgéoé??“" and
HChes.CantrsNa226m (09a)ulageh:eilal is Zeatites MK IOBPY oAl LBs. 9HLO or

- i r ian into zeglit e rdenit t .
e B B e T B S B B trmmercia
sovtoedeitdiconindniyaiiei ablthess Nalsrioldenites gl siovereritbse of the

InidREanIe v 1% APEMALLRRINS AlmiQzlicate zeolite class of

minerals. The formula of mordenite in its Na-form is usually given as

[ofb'?,{ﬁ'%@@:%@ AH22A6NER GRS RNRIILARAEIR HeisbavaldplRater, the

rom a number of commercial sources of such materials. Ferrierite is_
caplptheiowbhsiic e brrineiam o pastitt cdasersrmindparchfatng to 400-

s@wallable in the Na-, NH4- and H- forms. In the Na-form its formula
generally is given as Na0.8K0.2MgSi15A13036.9H20 or 10
[00%e) Nah Kehxa) It el G T2y 2D 13hA8RA. ot Haowistavaitabte: fran is, at

- il ~Additi inf ; i -~ ]
B S s 67 iR Tk OT A ACub A Sut 180 °C.
Onanfoniza-ontlrepore: 00283t Becpuseghetheastiomidaigobe Ldnthtigybether (DME) to
mg rz?c@{!a%l ¥1§Hl m&géﬁ&cgegﬁ%é/ %&Elédt&%a@@@b{@ ﬁﬂBH %&?ﬂﬁ%&%‘%ﬁ%&f water

beginning the operation, for example, by pfeheating to 400- 15 5 i
cqobopIfrEeekaih i phiiesdastiiticatidrpraturessibi erbn ame fhan those

citQf b ?BB% A e mRaAbres B ilemAL AR RSN 2BRE conditions the

preferably from_about 150 tg about 180 C .. .
mordenite 1§ essentially inactive for the carbonylation of methanol. Reaction temperatures

are kept within the above range also to minimize the dehydration of any methanol that may
be present to form hydrocarbons and water, because the presence of water strongly inhibits

the carbonylation of dimethyl ether to methyl acetate.

[0031] Typical operating pressures are from about 1 bar to about 100 bar, preferably with

carbon monoxide pressures greater than 10 bar and dimethy] ether pressures below 5 bar,

[0032] The process is run under substantially anhydrous conditions, i.e. in the substantial
absence of water. Water has been found to inhibit the carbonylation of dimethyl ether to
form methyl acetate. This is in comparison to prior art processes in which dimethyl ether was
a co-feed, and in which water was also fed to the reaction. Water is thus kept as low as

feasible, in order to allow the desired reaction to proceed best. To accomplish this, the ether
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One feature of the process is that, surprisingly, the carbonylation of

%rg ,Ifﬁt]q% (DME) to methyl acetate using mordenite zeolitg-basedh, 01719
catalysts and in the substantial absence of water 20 can be performed

with very high selectivities at temperatures significantly lower than those |
andritatian Whep¥ide sedonthatdhe realsd RIS H A fRshNy LBt fsugHon into
theGREitONs the mordenite is essentially inactive for the carbonylation of

methanol. Reaction temperatures are kept within the above range also to

[ooBERIMiZR thedehvdiation ol aaeetbanalibal soay-te presant $afossatinuous
hydrocarbons and water, because the presence of water strongl |nh|.ta|?ts tant

Drogestie WRIUHYIHSGH ciEMH BHRET RETRTStH P ECrRtE SRS sy Foactents

beiaPeRAbAgcRASS RS HiRifioryahout dHhas tadbodhdBCvithdrprefes abigswits
carbon mongxide pressures greater than 10 bar.and di | et

e RO b S G Lttt ey

be anharousveniditionsithe. drfited bubstarflidtiagbbebelbopeetinaineraeass,

been inhibi | f+di | et f Hayk
anREELIROINNRR e SACARYHen Bdbied Elhiradir it e

megitibroniate maobregosned A trashwais s et tAedispifien chomical

prodRISHRIVELRRE 25 IQWiRY, (RasiR iordghierkewmihedasiresla chemical
reaction to proceed best. To accomplish thié(; the ether 6 WO

ProxeOBRIEeY SOPETOB20ME TR 7RG AR CAR B ARGHE S  EHRPSRIR AR Ot
uséha 5%@.&&1_ are preferably dried prior to introduction into the process.
[0033] The process may be run as either a continuous or a batch process,
(0084 continueLTeREacRIsas Tpicalithptefentreh thesantipl hcdhe frosessrig! from
a gas-phase operatjon, with yreactants ing_introduced in. eit louid...
bR IHACE A LT S Al bons.
Alteactival priductirmaydsubsegiertiysod woolodiahsisstte padacctisecid separated

GRS 2% BRNRSELAS CONRIIEAt:HLEIRES fedhbedranaduidingh, and
Bed. Th operating the pr ce_sg', unreacted starting materials may be

map tyetiefamtabeyetedvpdiriliainneroasss Brobliet YRt )F dtetate may
be recovered and sold as such, or may be forwarded to other chemical 10

[095Le s fignerastieninlerhpli@stberethis Site kOB FHTSamREyBE 2
deBSILIRA ChertieabiReess untionaenveitienphthedietyhacetatéranybled to

thoptionall other components t oétﬂgr sefl{I roducts. [0034] In one

FEFRPR, a@Pﬁb‘HﬂTﬁféﬁf’%’f {]ﬁeél f‘?\f ?l%ihrléfﬁléyr%é?ﬁfleg%gfate is recovered

[(3{]%)6&” Tn another embodiment, the hydrolysis of the ester product to alcohol and carboxylic
acid is performed by injecting water at one or more points in the catalyst bed, once a
significant amount of ester has been produced by carbonylation. Injection of water in this
manner essentially stops the conversion of dimethyl ether to methyl acetate, and removes the
requirement for a separate hydrolysis reactor. The mordenite or ferrierite catalyst thus may
also fanction as the acid catalyst for the hydrolysis of the ester product to give a carboxylic
acid. If the reactor is a fluidized bed reactor, with back-mixing, then the reactor and catalyst
will then have to be thoroughly dried before they are again used for the main process. If, on
the other hand, the reactor is a tubular reactor, with staged introduction of water downstream

of the main reaction zone, such drying should not be necessary.

[0037] Using a mordenite catalyst, conversions can be up to 100%, preferably from about

10 % to about 100 %, depending on the space velocity and reactant pressures used.
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the reaction products and contacted with. water to form acetic acid via

hy%gly&@@gg@n& 15 Alternatively, the entire product may bepgq d
y

to a hydrolysis step, and acetic acid separated thereafter. The hydro yézloswomw

step may be carried out in the presence of an acid catalyst, and may take
Sglectonty & metattoetdistitnbion shovess, hwaibriiavireiy e aercioa3bin 99% at

185eF seRAratRMAlRoN0lS preduced iR e RyAraaisHeactaRaYRe S8 but

to a dehydration reactor to produce an ether, which can be separated

SRR YR A e erst oS Uil iseuEa BB MY RATSAEh IV IR the gpcrabrrestetts, and
rearhanvationraacten N3Gk oranotherampadiment ther hydilsissahat

the ester ro%ﬁct to alcohol and arbo>§ylic acigi is géerfcirtmed bg injgr%ting
TOLEEPIT BRECBMBIE B fPTHACHRIVET BRA! BIFER By ATRESAE S Abunt
tehpatenhastieentpriodhipperiledt bty stich. tnigetidoref skaterindhiso
Amannst sssental stons dne sonvarsion of dimetivl SERIGMEN! wnich can
acetate, and removes the B% requirement 1or a separate hydro YSIS

bleck talFhepmosdedite atifarsierdtelcatbliyismtmssyilile sdeo futhetiorraplitse

Rl ARAYSHPLNG INRWSR AR EIGH ARG AR & G BOXHIE conversion
acid. If the reactor is a fluidized bed reactor, with back-mixing, then the
apsiaeit G apity tatelyaerdamtinardHanietdene thoroughly dried before they are

again used for the main process. If, on the other hand, the reactor is a

[8UB8lar AREEeTOREER StaEBARE bRl DB FTbPIRERET S oRATs feisiati 80 bl ieproduct

gRBihEeacianane: sushAndasishaulo fot Redneressany 1{QR3T A U9iRE, dhere is a
mordenite catalyst, conversions.can be up to 100%, preferatl)iy fro %? ut
SR A5biit 108 BEAEBEHERI O TIAE ISP AEE DRSBTS ARATHSEEplp Dieh level of
speadsuliesadsec. FWaRR006f h2diRhAh Rl btS280MOdarR19a e leCthetydction;
methyl acetate has been shown to be copstant,.at values greater tha .
R S T Gy LRl B O S o S R B her e ypica
regelipitiathyp @69 ebut decrease with time on stream. Such results are
unexpected with the use of mordenite, and maintenance of a substantially

[89FBidrokhs viimoineerinalthecorcatedrasidhistative o Mpigerition. However,
dpisalygmusiheises iR thecamarsianafisethanol to acetic acid at

temperatures substantially higher than 250C. Such temperatures also can
deadlg pisactiyation of methanol carbonylation due to the formation of
hydrocarbons, which can block catalyst pores and/or active sites. In

B Gt S hmBsi®en in the Examples, experiments with other zeolites

jopdigr sthatldyondidans.dae d obahan 18 de sikecheaonwe@isionacid form and pretreated
n flowing dry air at 773 X for 3 hours.

Catalyst Seurce R Si/Al
H-MOR (mordenite) Zeolyst International 10
H-MOR (mordenite) Zeolyst International 45

H-FER (ferrierite) Zeolyst International 34

H-ZSMS5 Al-Si Penta Zeolithe GmbH 12.5

H-Y Engelhard Corporation 3
amorphous Si0-AL0s Sigma-Aldrich 6

2} Dimethyl ether Carbonylation Reaction
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10 and/or selectivity as mordenite and ferrierite. 100381 Furthermore, as

CQWIP% 5979§i0r art processes, there is relatively little product %a's%lizg(% -
nd/or other higher hydrocarbons. Often when methanol is used 7219

feed, there is a so-called "MTG" (methanol-to-gasoline) reaction that
{0843 ludesrathyheibeiretshemitptideveheionsitivisydioedrizons aHoreddticisainless

m@%ﬁ%&&&&%ﬁ{g oy 506 ety Slages AL NG GRRIAN LR AAVEMEL: HiSowing dry

can be minimized By pretreating the catalyst bed with dimethyl ether at

aifypicahaaactRmadinperdiordemportuesthetioRWitke Exshspwith fowing dry

ndi@semaegassihusirative ehibervention:dipvereinttheshakeRehMnasmiio
limit the scope of this invention. General procedures 20 1) Cﬁalyst

conFiat A6 S Hop it alets A ie B ETEIRB A OaRTE éy frictiaeateon. the Jatter as
argifeansl s osdciddarmiandpr ptrehted badomitng d pyaattat stré 3ok 1063 dried by

h Catalyst ilAl \H- denite) Zealyst Int i 1 10
o e SR e A e SRR M s
Hinteraetibirads3204-Z8N6)A1<8i Pty Zeoliitrsi@nrhtiab, m*@m«ﬁn@eﬂm ancbn-line
gagQﬁpmtwg}a%ha@gﬂe%@majg@&%@%ﬂ%ﬁgﬁ%@nmmﬁwc%mfurcﬁvity

Carbonylation Reaction 8 /121778 PCT/DS2006/017219
detesters Pttty stiosreapd Ryranek® L eabmanyarsrestively out in a

fixed-bed stainless steel microreactor using 0.15-0.5 g catalyst. Catalysts

S)diracseyil athear Sarhondativyisacdisn Hithor HysEs GHoled to reaction
[oterpenaidies il adiniddQpe fishadysithc Bowingue iy thelidm réftbr described

pressyrized to 10 bar before introducing reactants. The ant mixture 5 |
A fisi SR B S B Ui ERRY Fsthe }8&?@%&*&@%@#&%@ % Rgeagronoide,
2 KR argon, dhe Jat&Pasetumntehpdigianddedigi bar smiQitkiRallviklt, was replaced

etreatment and reactant streams were dried by passing through a
R b SR L 5 KA St TAEiately before the

{OIEE@’ to'ii%xperiments were conducted using the above-described procedure for carbonylation
of dimethy! ether over seven catalysts in the temperature range of 148-335 ° C, with most
experiments being conducted at 150 - 240 °C, and 9.3 bar carbon monoxide. Catalysts
included mordenite (H-MOR; SV/Al= 10 and Si/Al = 45), zeolite MFI (I-ZSM5; Si/Al = 12),
Y faujasite (H-Y; Si/Al = 3) ferrierite (H-FER; Si/Al = 34), and amorphous silica-alumina
(Si/Al = 6). Experimental conditions were: 10 bar total pressure, total flow = 100 cm’
(STP)min, 2% DME/5% A1/93% CO feed (passed over 0.5 g Call, pre-reactor drying bed at
ambient temperature) while increasing the temperature in steps between 144 and 335 °C.

[0044]  These experiments demonstrate that mordenite and ferrierite are far superior to
other zeolite candidates for dimethyl ether carbonylation. Methyl acetate formation rates are
shown in Figure 1. Under the reaction conditions, rates at ~165°C {normalized per Al) on H-
MOR were nearly 50 times greater than those on H-Z5MS5 and more than 150 times greater
than those on H-Y. No deactivation was observed on any of the three zeolites at temperatures
between 150 and 190 °C. At higher temperatures (2488 K), methyl acetate rates decreased
with time on-stream, apparently as a result of the significant formation of large unreactive
residues. This, if sufficiently extensive, can prevent the catalysts from returning to their

initial carbonylation rates when tested again at lower temperatures (165-185 °C).
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Heat-traced lines (200-250 C) were used to transfer the reactants and
preduis o enson-line gas chromatograph (Agilent 6890) equipReshydtifveos 7219
flame ionization and thermal conductivity 10 detectors With methyl

XD R A it <Ko JE GRE TG A BQBIY LB omee of

hyelxpermenisohelecarviea dust wﬂnﬁﬁtmw\néﬁmmﬂﬁmbmﬂmabm&hﬁn the gas
reac ant mixtyre consisted of 10 kP |me I ether K ac bon

o S T R e T D methanl

fouméanw‘@mmuéhtf was be pmh@SWhﬂm@@maﬁserf@h@@atalgai@ssystem
reached steady-state. [00431 Experiments were conducted using the

[0y e Ideurasteeng rodenivipedior exdomdyizstbrndifdimationlretbiopolleMOR. Acetic

acREFShE? 9%%%&'1‘ H08:16 MRELAUELINAG R %éﬂb%%?la@oﬂvé@”téﬁ%}ames > 490 K
experiments b é‘h‘}i conducted at 150 - 240 C, and 9.3 bar carbon

ombbERRte Metangd carmri et s depmi krom .t pisenso offatspayhich may

bedoin#R0sMik (- BMRo RIBbEMZE ?xge\ﬂq@'éiﬁﬁiﬁﬁqeﬁnﬁ) RiAlons) The initial
fﬁeé%r&}f (H- FER Si/Al = 34), and g(rg‘gor hous sjlica-alumina_ (Si/Al =

SRR P e SRILe G aractes tavattﬁfaqrfm”ﬂtﬁr&eratﬁ%ﬁom
hy(GTR)Y minp Ye b % AHBR¥mEO dae@ﬁpﬁsseehﬁuatt(acﬁy@@péﬂzm °C.
re-react rdr ntt re) while increasin
ek e S .
hydernahstrateethetsmordleriieina dorferdicrien af éhfar e petidettoted iothereffluent by

e UG GRS {Os dimstvi GG sahanyation MEtKLAERIAI cther

formation rates’are “shown in Figure 1. Under the reaction conditions,

coptted torpsdueoiiben rﬁ@hﬂtﬁ%ﬁtﬂﬁ MOR WikeohBRiRAso trRdE -MOR are

shG‘C»%ﬁiﬁ FthaR ose andt £3Mb.a0d:mese thanclahi meseiedemibaRicctivities
se on H -Y. NQ deactivation was observed on any of the three zeolites

argts SR EAHSHES "between 150 and 190 C. At higher temperatures (>_488

O B S AR o ROl G e IFEELEoR OBl e (121~

o)sufficidnilicextensive boaml preyent thepcadalyst§1160 m3rﬁﬁﬂj>mg to their
initial carbonylation rates when tested again at lower temperatures
[60185-185riin G Al 26862 K1Y 8nRGHT. MGWW{MB]@m le\owler of

miSIRAPUNAR 2880 NE &%&f%ﬁﬁ%gﬁ&%&ﬁm ﬁ‘ﬁl@étﬁ’(&m =10).

hydrocarbons including several that overlapped with methy acetate and

Thademgn stibomdaiiag asHism Gergfdhs THaeTHstey tissac@piderdhireetgiisl
beRRU R AINOVLACELIR RRBSNIRAAbN rates. Methanol (and DME)-to-hydrocarbon

reactions form water in stoichiometric amounts; our studies have shown the requirement of

anhydrous conditions for carbonylation activity. A dry environment is not possible in the

presence of concurrent reactions that form hydrocarbons.

[0049] Amorphous silica-alumina (surface area = 440 m*/ g} also was tested, for
comparison. Jt began to show slight carbonylation activity at 259 °C. Carbonylation rates on
this material are 3-4 orders of magnitude lower than on H-MOR (Si/Al =10) at this

temperature.

[6058] A summary of the above-described tests is presented below in Table 1.

10
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formation rates on H-Y may be somewhat larger than their true formation

r%g&éﬂ?‘%éﬁgur% 2 and 3 show acetic acid and methanol form%tglo{)06
rates on H R. Acetic acid forms via methyl acetate hydronS|s ¢ guS2ovei01 721

methanol carbonylation at temperatures > 490 K on H-MOR. Methanol
candeblerin fisattisethpredwe fatmattantes andacstylathomegietsévity.
formed, however, as a by-product of MTG (methane-to-gasoline)
reactlons The initial methanol formation rates reflect reactions of either

i \EXBERGSiS ter formed from 10 hydroxyl groups remaining in

mamlIteﬁatt&rd@ﬁtﬁlms%ﬁ%mtr&n&(dm@gbﬂké@&&nymamt@r@m\@meme of
detectable steady-state methanol ra]i s are rve above 463 K

W%ﬁ%%a%h%"éﬂ@“ﬁ?b@&?ﬁ&tﬂ%&tﬁ@ Sre @8 i e@f%ﬁ%‘heo?’af@fg%(t%%f‘ as one-

hdlf m&eﬁdﬁmnbhyazg&s@htmmt&p@y Hydresabonformatiohywatasn:carbon
calculated as th ethyl ether, cenverte cts other than met

méce a%ragbetlc aC|d rcr}r mae/thét'tgtd'} 4 R%C?ﬁﬂare igﬂl ro‘f/%t’tbtﬁ‘ ﬁ%{f’r%r ﬁto

Ina%etlgr%gd V\(/)ﬁrobserv on ttie other zeolites. Product selectivities are
luminum content H-MOR (Si/Al = 45) and

| S |
R R A R BB o
ctatmnnﬂmmmemnmqm fiveme o tortedrfof Matgrhmtéa‘s mﬁ@aﬂﬁn following

JRRTRLEPRHedihinG %%é%%mmﬁt}t EMORSHAL 773Gk (67 K 5-1)
lower carbonylation activity (per Al) is not comp etelé unexﬂgﬁeeted for this

fondhenapyssl S Sl higher iy de &isto BElafp Ry VeTe
nf&RGRME-{adRyaiacrERanfe aetoRadRIIgMaieh TDSIR sshmm;ay] Gield within &

amounts; our studies have shown the requirement of anh % rous

B FARRS TSSO EhbREHEr AR v Ay EriaREnt f Hit posible iffm particle

dtha@é)p&asem&@t@ﬂnﬁuﬁ@mtyreta@om thas folng-hyeeacarbin $ri@8dPior 3 h at
r lic |na urfac area 5 44 Is

7com g?l)gg?]g[ @gan %Im car onyI t%?t%/agc %l ] afode%?gmxm) o

ré@eitho mwﬂﬁmé@%rmh@m mm@émm«a@mmwmmé%m@m :

P‘i@%ho M/ﬁésﬂékmﬁ)%% this demperature. 30 [0050] A summary of

the above-described tests is presented below in Table 1. 10 WO

8&%3/ 134,L¢ gtﬁﬁié 9&%@@@&2&%%&&%9&&%@( S(tﬂtWRSj Eﬁ‘t‘:&)pher Zeolyst)
formatlon rates and acetyl carbon selectivity.
tested under the same conditions, Table 1.

A n'b.‘,

Table 1: Comparison of (GaAl/Si)H-mordenite and (AVS1)H-mordenite samples a

H-mordenite
(GaAl/Si)H-mordenite

(Zeolyst, Si/AI=10)

Rate [mols/g-atom AVR] 0.54 " 09
Space Time Yield 0.061 0.103

11
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Studies with svntbesis as 100511 H-Mordenite was evaluated for dimethyl

ethay amgpamylation in the presence of 5 hydrogen. CarbonylatiQe-tat€So6/017219
are essentially unaffected by the presence of hydrogen as one- half of the

tatal ranntant fandctacle /Elnurn 6) C\/nthCJC das-o \larinllc
UaArTtoactar Tt I T T OOtTOUIN H / -y “IT u VEATTOOO

F2RBNAYNO ude ratios can be utilized without affecting

|methyl e er carbonylatlon rates. Incorporation of framework metals
[00521-GaA}/SHNH4-merdenite-(Si02/Ga203----39-2-and-Si02/A1203 --

[vvozx TN T TrToTroat it ONvaroacs oo

a@&A)cwa&p$ﬂmmWEe,dsiﬁom the ammonium form and tested for DME
Agahopylation under the following conditions. The sample was treated in
~flowing dry air (3.33 cm3s-1) at 773 K (0.0167 K s- 1) for 3h to convert it

[d‘é@@? tﬁesy df fr%ﬂy &%JQ%}_& E)Q‘m}ﬂ g@%ﬁggps L erous ?05 Table 2

measured |n a packed-bed stainless actor (8.1 nun

cqyBiRelbshithiir M QRreenplrserd siotvesigiodagaita imdé- The @’-‘dt’éhﬁgtd space time

yisRmpeOcng/ 850 RRPHT AaHIEIELo @@HIPS Wasreated: nsHowingria
air (-1.67.¢cm3 s- I((%l zero grade, Praxair hat 773 K (0.0167 K s

PR Eo U chis 00 1 CONP RGPl Flewdl These
shemlde;k&ﬁ;tr@a(@@)&) ane smebiiyier afo? Y DME/5%e f&ﬂtﬁ%"/ﬁl@@tﬁ&g@g/@mdumwty

DME, Praxair; UHP, Ar/CO, raxa '|lr‘)mI as t:\}ﬂnfed % )The cat th
P L P TR O et R Pabigay sbto Al
ratemed under the same condltlons Table 1. Table 1: Companson of

-mordenite (Zeo ys
kk Q Yuce 3'-:me Yieid 0.062 0. 103‘IIWO 2006/121778

PCT/USZRRRI01 7219 [g-MCOACIg-Zggiiterh] a 930TkPa %ggt'ﬁ“@}@@a
50 kPa AT, 438 K AJ-Si ratio [AQ5rd AuseHgsPf runs Wg@g@q{g%omeﬁﬂ
using cgyanyeir with varioyis A1:Sirafips. Table 2 102.7
(Zeolyst, Si/A] = 9.8)
H-MOR 0.74 92.1
(Tosoh, BP Chemicals,
Si/Al= 8.9)
H-MOR .94 110.4
(Zeolyst, BP Chemicals,
SVAl = 9.5)
H-MOR 0.5 55.5
(Sud-Chemie, BP Chemicals,
Si/Al=10.1)
H-MOR 0.99 162.8
(Zeolyst, Si/Al = 6.5)
H-MOR 0.08 2.1
(Zeolyst, SI/AL = 44.5)

Conditions: 930 kPa CO, 20 kPa DME, 50 kPa Ar; 438 K; 3.33 cm’g s’

[0055] All publications and patent applications cited in this specification are herein
incorporated by reference as if each individual publication or patent application were

specifically and individually indicated to be incorporated by reference.

{0056]  Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it will be readily apparent to

those of ordinary skill in the art in light of the teachings of this invention that certain changes

12



contains a list of H-MOR samples and corresponding rates [mol/g-atom
AR} andshage time 5 yields [g MeOAc/ kg zeolite/ h). Typicali,ytlglggza}‘&,o]7219
sample was used at 438 K with total pressures of 10 Atm (20 kPa DME, '
50 kPa At, 930 kPa CO) and a flow of 1.67 cm3/s, These showed som
and, RSB ORI PRSP P RGPt FRFTRLBITEOBH B, A fieicope of the
appEREhdCvitys per mass of catalyst (and presumably volume) can be
increased by changing the Sito Al ratio. 10 Table 2: DME Carbonylation
Rates and Space Time Yields as a function of Al-content in H-MOR
Sample Rate Space time yield [moll -atom An] [g McOAc/ kg zeolite/h]
H-MOR 0.9 102.7 (Zeolyst, Si/Al =9.8) H-MOR 0.74 92.1 (Tosoh, BP
Chemicals, Si/Al = 8.9) H-MOR 0.94 110.4 (Zeolyst, BP Chemicals, Si/Al
=9.5) H-MOR 0.555.5 (Sud-Chemie, BP Chemicals, Si/Al = 10.1)
H-MOR 0.99 162.8 (Zeolyst, Si/Al = 6.5) H-MOR 0.08 2.1 (Zeolyst, SUM
= 44.5 Conditions: 930 kPa CO, 20 kPa DME, 50 kPa Ar; 438 K; 3.33
cm3g-'s’. 15 [0055] All publications and patent applications cited in this
specification are herein incorporated by reference as if each individual
publication or patent application were specifically and individually
indicated to be incorporated by reference.

13
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[00561 Although the foregoing invention has been described in some MOSLLP
det%g/l(py‘w@yzg;%o illustration and example for purposes of clarity of
understanding, it will be readily apparent to those of ordinary skiff §lfg006/017219
art in light of the teachings of this invention that certain changes 12 WO

POOSA B Cra PETNIS20061017219 and modifications may be made

thereto withoyt [ laims.

13 MCSLLP V O@%%%éﬁ%%@%@k&%%& So ggﬁﬁgﬁ %ﬁ%&ég}% fower
Biphairesey hain agif drndag Yo 9rBBiting a product comprising a lower

alkyl ester of a lower 2 aliphatic carbog\)blc acid having the formula 3
R1-COO-R2 4 comprising reacting Rt BPkyI ether having the formula
SRMRRZrbelibw hiRE Alet RReatRJngdapensiantly CI-C6 alkyl groups,

providing that the total number of 7 carbon atoms in groups Rl and R2 is

‘from 2 to 12, or Rl and R2 together fgepeaG2-C6 8 alkylene group, with a

onoxjde- cont |n|n feed mé? resence of a catal

carbon St
leo“rfﬁlbﬂ“s riE e ek H’e%%%tﬁ‘fﬁ’éﬁ&? ﬁm}wal number of
mb@iitham InZrAupsdteasidceting 2 eocidiror Rinnnhichdbelestenis aethy
nd 2 ether is dimethyl ether. .1 3. A eSS accordi
S o S SR S S S R AR
Qﬂﬁiﬁﬁ@ﬂ@ wmwmpmw;mmmw@m@@mabWﬁMQ 1
5. A process according to claim I in which the temperature is from about 2
150C to about 180 'C, 1 6. A process according to claim 1 in which the
catalyst comprises & i?%ifs%aﬁé?f@fl%é?él&aé’fﬂ 1 1p whigh Eesesiss dorety tgcetate and

tbkaimhct indihighythebeatalyst comprises a

3. A process according to ¢laim 1 in which the catalyst is H-mordenite.

4, A process according to claim 1 in which the temperature is from about
100 °C 1o about 250 °C.

5. A process according to claimn 1 in which the temperature is from about

150 °C to about 180 °C.

6. A process according to claim 1 in which the catalyst comprises a fixed
bed of catalyst.

7. A process according to claim 1 in which the catalyst comprises a
fluidized bed of catalyst.

8. A continnous process according to clatm 1.

9. A batch process according to claim 1.

10. A process according to claim 1 in which the carbon monoxide-

containing feed fiwther comprises hydrogen.

11 A process according to claim 10 in which the carbon monoxide-

containing feed comprises a synthesis gas.

14



2 fluidized bed of catalyst. 1 8. A continuous process according to claim 1. MCSLLP

1WOoAMeIch’pFocess according to claim 1. 1 10. A process accb¥ditigud6/017219

claim 1 in which the carbon monoxide- 2 containing feed further comprises

hydrogen. 1 |1 1 A process according to claim 10 in which the carbon

monoxide- containingdectenmpgisedasynfintisis gaspdddy ERkbiRzi¢Ghe

2006/121778 PCT/US20 6i017ﬁ19 12.dA process according to claim 1
eS*ﬁMﬂé’F‘E%i‘f‘FpW%iﬁ%”ﬁ%?B e the 2 68t

eSter to produce the corresponding
carboxylic acid. 1 13. A process according to claim 2 comprising further

hydrolyzinglthe 24vmstiepbaeeneiding oreairee seensisipiivrtiar i Prigdag the

maRGPLding te, daim dZonk3iqwhich the hydrolysis is 2 conducted in a
separate reactor from the ester-producing reaction. 1 15. A process

according to claim, 12 or 13 in which the hydrgl ifqi& &senducied,indbe;
same reactoras tﬁﬁ‘epé%?gsfgparcg fjdclflr‘%t?ecaa(%bg? %516. A process agcf)r ingiS

cotalotatthih msefricieRecndiRndhe GleCarediging astps: 1 17. A process
according to claim | in which R1 and R2 are straight chain 2 C1-C6 alkyl

groups. 1 185 A PraGRes.a6aer6iae actaitm 1 irowiich RhiandhRRydielysis is
straight chain 2 alkylcgroups having {:crfgm_l to 3 carbons each. 1 19. A
copflelassia Hroreiiyrtaiesit 16 fRAEH R AN P8ups contain a 2 total

of from 2 to 8 carbon atoms. 1 20. A process according to claim 19 in
which the alléyl grouipmesss straighine2actaim dlkyrdrshps. and R Arpfoctsaikyl
gr%%grding to claim 16 in which the alkyl groups contain a 2 total of from 2
carbon atoms.

17. A process according to claim 1 in which R; and R; are straight chain

C-Cs alkyl groups.

i8. A process according to claim 1 in which R; and R, are siraight chain

alkyl groups having from ! to 3 carbons each.

19. A process according to claim 16 in which the alkyl groups contain a

iotal of from 2 to 8 carbon atoms.

20. A process according to claim 19 in which the alkyl groups are straight-
chain alkyl groups.

21. A process according to claim 16 in which the alkyl groups contain a

total of from 2 to 6 carbon atoms.

22. A process according to claim 1 in which R; and R together form a Cp-

Cs alkylene group.

23. A process according to claim 1 in which Ry and R; together form a

straight-chain C;-Cg alkylene group.

24. A process according to claim 1 in which R, and R together form a Co-

C,4 alkylene group.

15



1 22. A process according to claim 1 in which R3 and R2 together form a MCSLLP
C2va td6calkytane group. 1 23. A process according to claim | inpwhigt&Rdio17219
and R2 together form a 2 straight-chain C2-C6 alkylene group. 1 24. A
process according to claim | in which R1 and R2 together form a C2- 2 C4
alkylene grop. 15 MGSIAP, MR AT TSRGINE2I0B0LZ0h g o
25. A process according to claim 1 m which the catalyst contains one or %
R addifineharmnarelieiasetals. 1 26. A process according to claim 25
in which the framework metals are 2 selected from gallium, boron and
iron. 1 27. AJsrocegsaecasiogptaistpiocRinim whichhibe tamawearkingkahls are
Siéec%ega}lrlggnm. hi28. '105 r£|)proce s according to claim 25 in which the catalyst
comprises BHordenite and theframework metal is selected from gallium
and/or boron. 1 29. A process according to claim 25 in which the catalyst

comprises Zferrieft@Taprbtiaechinetoiaretalin weidethe firns gatkupatal is
¢omran.and/or iron. 16

28.- A process according fo claim 25 in which the catalyst comprises

mordenite and the framework metal is selected from gallium and/or boron.

29. A process according to claim 25 in which the catalyst comprises

ferrierite and the framework metal is selected from gallium, boron and/or iron.
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