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PROCESS FOR CARBONYLATI ON OF ALKYL ETHERS BACKGROUND
OF THE I NVENTI ON [0001] This invention relates to an

wonpisoeenis process for the production of nethyl paTaisai06/017219
fromdimethyl ether, and nore generally to the
production of al kyl esters of aliphatic carboxylic

acids, by the carbonyl ation .of
anot hdfRQEHSS FOR @AMW@ ﬁﬂm ﬁ:él“I-hERS
production of |ower aliphatic carboxylic acids by

first producing an al kyl ester froma | ower alkyl
et her, fol | oweBAGKAROUNDYQF SHE INVENGIONr to t he

0001 ES i sy o ol PH o8P A et
from dIBERYA eBRELHA Brord Qéﬂe?ﬁfl‘%‘g% he ﬁ}rﬁ&ﬁc@ibﬁ SF 81k estdre oL AlipRitiE O

produce acetic acl d. 2] e nost w dely used .
carboxylictastdsj by the catbenyglation ofalkyd etiers ingnotheraspectalis dnvegtion relates

th b | ati f h I i ' '
o e GG S B PR AR 50 AL sy o
lower @1k91 bth&¥, fHIBWRIAbyhyR8Sy 365 tht @ktet toshanede. Ahrextinple dfyipe is the

of "process, nethanol Is reacted wth carbon oxi de
produ@t:onaofim%@wdrbﬁ exberylationnidimpthyl efher 1 %fﬁ@%ﬁg%ﬁé@

o R 1Y .
R

i odi ne) - cont aj ni ng. ter. Though. wi. .
0002k e 0 e Lt RO S 5 i s

cmboﬁi&?&?éﬁﬁetﬁ%f%,gﬁ%ieﬂ id %‘é’ér?&ea%n@rhhymﬁﬁ@; ﬁa@erfté"?,ll 2%453 and

esence o e and result 1 n production of
1,277/242 @hd UoS. iatentic 3,688,683, foninstgnizy dn dhai ¢yrs af paecess; encthanol is
ifficult tore vefr‘gmtgeaetic ac|

reacte LTS O 11 S EofteRing gy foppesence of

rthodiGA! & YidfunS¥siteieakey B a8 thd Adainagtesicd of a hdlogen (usually
reaction, but none have been conmercialized, primaril

iodinajtentaining preseoten {Ihongh widedy users ranethsleshthestproeesses fﬁst‘?i%/e the
0003]. Met hyl a e 1 ' .

use of RREHYY Gy e P Elcls il o B plelos SRR A in

produdgordof I8@deidls of Pddineroodtadtingbymbduntethhtcara difficuli teremove from the

d/ [ id.
i) b e, A St 15, £ 228 PSS b
. . i t 1 ol .
o615 s ot BERIALERAEAORNAIAL prshal e o e

with @edyst difitinndendcedactiofty.i t s producti on can be | ower than
t hat of nethanol .

[0003] Methyl acetate 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 also 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 its production can be lower than that of methanol.

[0004] A number of patents describe processes in which methanol 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 methyl 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 methyl acetate. Typically, however, dimethyl ether is not used as the
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[0004] A nunber of patents describe processes in which

met hanol or a m xture of methanol and dinmethyl ether
woO0wanboryl ated in the presence of a cat al yst PCT/US2006/017219

Typically the products are a m xture of acetic acid

and net hyl acetate, ti I | ud
sole opaepR RLDHASREPEN T OEHISosh DPLAS A0 CUBDRIRE yRghanol

stream%f the reactions that nay occur is the carbonyl ation
of di net hyl ether to formnethyl acetate. Typrcally,

(00055 Hor Exepme oD lonohPo oS DHBAPEAS AstibSSeafbey GPE bra

mlxtufeocﬁfiﬁ&ﬁmol | RethBit deeRR ardldr AaHSthyll 22 %0 pﬁfdﬁc@%ﬁfﬁﬁh@b containing
German OLS 3,606, 169 of BASF AG di scl oses

acetic (aaldbmwﬂiyéawmte @nd/ar dnmethyil ether inrthe prgpsIce oﬁ@pﬁlg,arlt-%aé@gmg zeolite

L e

internfedBitPbEFRAC A0S of8-EiAR abdlit€ Artinditiise @f ZE—@ingtonl(r’:lat A emﬂtY
The preferred zeolites are those of the 10-ring

[0006fhgé12essl y@% t%ﬂt t é 5}' alﬁgl %Eﬂ% e@&?'f&tc%r% Y¥ei8H of methanol

-T1hn zeo ] 12-rin
and/oZ&i@leilyd sth¥r fnstoduce[0eMBdcid osivg a edtakybt. compoS:d Qtéitéeast one Group
6, 130, 355, disclo e a pr cess f r  car,bon

VI nobleraiial, » balesnated shepRpnd gt RISt ﬁPSaﬂ&%‘J Gt s s
stabﬂfiér‘b NSther ﬁﬁfrﬁé Mﬁ&loﬁﬁ%@f&@ﬁe?for ptoduBsd ooReticHhad ﬁnd/bi Inethyl

a hal ogenat ed conpound as cocat al and
acetata,nnrvddcldémsealh)ﬂ ether oYy &k praseuitiaid feodin, a e iH: wathgnol

includg 5o PP Ao ceee 6335 A5 AREE S B 5B canBiratoy gosaost,

all of 26@1%&%& al. "U. Shgat&ﬁes 189,263,19,286,008 cbbﬂhrbfmmlal ) md 5,028,871
ents 353, 132 and 6, 355,837 and U. S

d oenmtﬂt rag * hdisclagamiresssdsan WaGDSHNEESs Bist used) tp Pé(fdu% giefhgnolp vhich is
o g I3 S i SO e

majoriPré@@sses in which syngas is first used to produce
net hanol, which is then conbined wth dinethyl ether,

[0007" 4,0 Bk fé%&e&% gfgf&}(ﬁ%ge@gcragﬁbnmaﬁeﬂ B8 ARSI GHRE hHhR primary

maj or product ot her references
or sole numpbmegmbﬁai fwdnismgydaabumtaiﬁstﬁr Fra*tehytlnpbt Fowes gisalt }5S. patent

5 763é§(tgﬁvéogg svfsg lraepé§ }new 316 E{ly § S aué g\ylgfr%o%lﬂ? metal catalyst,

with g’haﬁﬁﬁ Knthinifl §8&a@(§f‘st ﬁh’&ﬂleﬁlyp {HRIGRSS al pi\ombteﬁ hWwafg was present in
catalyst 1s a Goup VIIl noble netal catalyst, wth a

the rehetbi, dleougbracedrdinggo Msc‘é@sysq ofhig PRiSnhif Wap YERCRS laery
conc&traggns than typlc%.{ inthe pP 5fat n'I“he' 1ﬂaj or 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
dimethy! 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 BFs and

triflic acid, again with varying results as to selectively to methyl acetate.
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the reactor, though according to the disclosure of

this patent it was used at | ower concentrations than
woypmistiai778n the prior art. The maj or product WRETAS06017219

acid. [0008] Wegnan (U.S. patent 5,218, 140)

experinmented primarily with the carbonyl ati on of

nmet hanol to produce acetic acid using heteropol yacid

catal ysts. Tr&mg;t@mﬂggﬁ HPRSHE BYPRRTRONEXPEr i ment s
in which the Teed was |ng?Ryl et her (Exanpl es 28-33);
[0010holebees, thininvadion expeisesmeprosess fier producings? plodud cepphiging a
acetate rel ativel ow.. [ 0009] _Sardesai.
ower S A6 A5 Tp b Thg5t e OBl RE g Bher ot et
with Cﬁl%g AWHoRIdeQR t1Rf prelelBS S caRdliid comvbiibing nivudddete aafl/or ferrierite
eteropoly acid catal ysts, ich gave results that
under yabstantially aadiygdrous copditiensf conversi on and sel ectivity
to methyl acetate. Bagno et al. (J. Og. Chem 1990,

[0011P5 M8 4pedifnlIyiHib idventas hérein oniphisea pabéssdor producing methyl
‘super-acid" catalysts, including BF3 and triflic, aci
acetateyfsrenctipn pf dizmeihih gther with carbas magoxide i fheysesynee h yst

comp@sﬁx?éﬁk%eﬁlﬁé 5%/5’%%,%&@&&%%‘ a%'ycﬁrggsl&;ndiﬁbns.

o I'nvention conprises a process for
D D owar o § PRt DEsERIEbaN O i BELWANES, Toacti ng

[OOIZE | RWEfe aéle%ﬂéts ﬁirﬁlﬁfioﬂ\‘;fatt& FTH P aBRRRXITG vaRohid¥eolites as catalyst

I
reseénce of a catalyst conprising nordenite and/or
candidagesrfoethietpeoaestlef thistibedntinni al | y anhydrous conditi ons.
[0011] More specifically, the invention herein

[0013F O"PihRESdepidts BREBANdtn rite @f HedtidGicidhising andd eh@teniteyzeolite
reaction of dinmethyl ether with carbon nonoxide in the

catalyptrfos thequoesss af hisigygmionconpri si ng nor deni te and/ or
ferrierite, under substantially anhydrous conditions.
[0014PR! FilgufFSgEifts tHaohat orfratofeAvielGBo] @idgdn Himendenite zeolite
d&gi cts formation rates of nethyl acetate using
catalygigior Bigroesss pt s 1g¥ention,| yst candi dates for the
process of this invention. [0013] Figure 2 depicts the
[0015] or Rigtiteohdemtte thefformatidnoamaif dy deocarhorsusingsy denendanite zeolite

zeolite catal yst for the process of this invention.
catalyﬁb‘%iﬁ]eﬂff’ﬁlﬁ? g%{f%n%lgﬁ?rglpg-the formation rate of methanol

using an Hnordenite zeolite catalyst for the process
[0016pf Figuee 5 depiets calaulated 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
Jower 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 dimethyl ether with carbon monoxide in the presence of a catalyst

comprising mordenite or ferrierite, under substantially anhydrous conditions.
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[0015] Figure 4 depicts the formation rate of

hydr ocar bons using an H nordenite zeolite catal yst for
woOhesprooess of this invention. [0016] Figure BCuUasRmb6o17219

cal cul ated product selectivities. [0017] Figure 6

depicts the formation rate of nmethyl acetate usin
[0020H- Rnesempoaent &b therfeed terthe 9%0@eﬁ5r?0¥11’é’85‘?§r(8§3§’ﬁ€§') @alﬁwgr alkyl ether,
..apsenc i.n the reactant m xture. DETAILED
that 1Sp & ‘_gzﬁdgﬁ"%q%% NTI ON [0018] In brief, this
i nvention conprises a prolgleé for producing a product
conprising a | ower al kyl ®ster? of a | ower aliphatic

in Whig??ér%ﬁ%{m h%tz %reaﬁh HAGRIy éf-@galkﬁaéi'ﬁ ﬂbg)rq{ﬂ-}oNPﬂ'ogéthg]yform a Cy-Cg

car bon norioxide In e presence of
alkylenazsdups tThe dotpl msnbey oficartiematomsdn gfoaps Reand B, i{lRdand R, are alkyl

suybstanti hyd diti 019
groupd o BPR Lia 1 PrlRE DR 2 O N SR Br R e & bl Ry
and RS Qe sREQUHEHAE allBT PolipR eRsBhRIdRN0LY SidibhtQihaly alky1BRéUpsIhaving
ether wth carbon nonoxi de in the presence of a
from bttt hearben atomsreadi. nlf RrorRsferman gtkylenergreyn @.6., therrdlesr is a cyclic

sybstant i al | y.anhydraous .condi i, On
cthen) oAy Of RELRGR S PREE B PRER, e
[0021Lpr1?méddtiyshoaeﬂanwaﬁbaﬂdspi&te@wer, that is, a conpound
aving the formula RI-O-R2 in which Rl and R2 are

i ndependent |y Cl- Cralkgl +HFOURR,eHJR,+ R2 toget her
forma C2-C6 al kyl ene g?oup. Talé téjtﬂazl nunber of

carbon atons in groups Rland R2, IfR 1 and R2 are

I kyl gro i S from2 to 12, preferably from?2 tq
o2 St B R 5wl Bl SRR SR Bef
saturabdd ApBitic £38p . boral dovlbikHiioH PferedtOMht s ThehaRber of carbon atoms

strarght-chain al kyl groups having from1l to 3 carbon

desigmattah@.ce@gmeansftiret carbRa afesnsh Exampley pharychie allpl groups include
the ether is a cyclic ether), the total nunber of
groupg avehoas raethils ethyl, pr@ﬁ@flalﬁwopxlo%bth§=d-b41.ty1{ i§pRuEyL, §95ebutyl, and the

o SIS S LR R R,

cyclobmgl) sydopdntyl] ghi cyolohbxyn Coebimdtiannef grclical@hd ecyclic alkyl groups
. aturated aliphati roup, .0 C i nation f,
includn i sampleney s B & eSh St SRR 8

[0023] 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
(-CH,-), ethylene (-CH,CH,-) and hexylene [(-CHy-)s]. While alkylene groups may be
straight or branched chain groups, straight-chain alkylene groups are preferred for use in the

processes of this invention.

[0024] If the ether is a symmetrical ether, e.g. dimethyl 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; R, = ethyl), then the product will comprise ethyl

acetate and/or methyl propionate.
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designated (i.e. C3 neans three carbon atons).
Exanpl es of acyclic al kyl groups include groups such
weagosaiys, ethyl, n-propyl, isopropyl, n-butyPCT/US2006/017219
t- butyl i sobutyl, sec-butyl, and the various pentyl
hexyl i SONEers. Exan'pl es of

and gycllcal ou S
[0025] né# m@nd:%nmeﬁwﬁ © PIPEFSS LA {RC CEVEPHB%ﬁ?Ii%n - The
feedm ? bt }l;l %Qﬁ)o o?ﬁﬂﬁidle‘{@b %Qeﬁﬁ%ﬁé icarthiYdnoxide
| ncll.1

exanp e cycl opr opyl
typ1cany @t@ﬁdﬁd}’dyr@pphérs oﬁyﬂhsipalcgayd:sebhmb feedtmpay @@Ms]mmmetms that do

| kyl
not inflF S BrFORGEERaS of PRy bIE QST AYED S Yiress™
nitrog& ITIEI‘I}IIIKDAI%%h elﬁethaﬁy a?xdgfr ‘%Hﬂ’éoh AfdxiRe For ERAmME¥ ARP FRd may

, ethylene (-CH2CH2-) and hexyl ene
compl[ls(e-CCIBIZha)t 6 typlc\ﬂﬁy tn@.da bdepinereiallyrbyLngmoring hydrogen Sioghsynghesis gas

branched ch traiaht - ch | kyl
e L

invention. [0024] If the ether is a symetri et he
[0026. Jhe@alfb@nmqnogtcaéfé”@e d magcopidin sphstatial Ampis xdﬁ%gen For

examplg th ol hé é%ﬁ%}ﬂ% ‘gh%ﬂacg%h?ﬁly%i)?ﬂt ﬁg ith Is' f,%s &G, dnf bfla number of

as €,
gaseo@sSmiNTeies thaﬁhz;e usbdfoprspnthiedizing b vardayrof i o@nmme imorgdoge porgpounds,

the t bl b
and DY PP D FOTORE O3l S5 By 1egs SR PisaL o TP BBt Oh carbo

rich st aﬁlgfga\% gteaﬁlf(hrf ??rof:@sﬁ Gnbwn ﬁ?&t@éﬁl &b nlgfbxh\ﬁfth 6t8dm=and

en the product w rise
oxygeﬁt(la phrtml:emda’rmlﬁnd(tﬂss) righteey gaspy amtam atagnly 9@'291]1 H)QHQéTélé #ad

ivcnognRR gy h PR SRE St b SRS IR RSB e
ablht}pt%r e @Yﬁ[ﬁ&‘i’%gﬁ%r&\g@s’ anbfter 8KARNRIZE ovEP r@@@seﬁlﬂi@i‘bd@mg acetic
typi ca provided by suppliers of industrial

acid from nmhahe]e damsly thopptinrofivsivgm lessespensite @EpogRonoxide feed. Tn
methqnﬂLFod%cg 1fe; éu\él“dtéag?ge?s%s oy n%iu% cﬁlrbg%g/dfo €n i"H dﬁX e AR Eeslhﬁ in

’suc Itrogen, helitum
produti&ivef uﬂ%ltaiﬂgrdadg%@ﬂiomwmmuc&; aododhnglifdte ﬁemhshduki be high-
feed may conprise COthat is typically nade
puritycasriRsYBPRANIde- by renovi ng hydrogen from synt hesis gas
via a cryogeni c separation and/or use of a menbrane.
[0027] QB2 Ghtalfistiscaniposednfmonestef e derietie, comixgings or combinations of

subst anti al ,ampupts aof . hydroge
the ingiLbs AgheR (:Fs T TS R BRR UL oo S ot st e AT
ferrleﬁﬂ% &fopRofdIash-eREnhaa: ?é&@ﬂl%adﬂdﬂiqﬂ{ &% driiddre Afiedals SGh d‘sQ:bpper

it h eSIZI ng a varie of organic or inorganic

nickel @)mqbgmn twdium, platinum, palladlum 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
jron. 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 in

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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and particularly for ammoni a synthesis. Synthesis gas
typically results fromreacting carbonrich substances

wonods/1gi@am (in a process known as steam ref or RCDER26/017219
with st eam and oxygen (a partial oxidation process).

5 LIRSS R 585 290, LG5 A0 ol . Tt

incorpdth nﬂi ROONER oRBR MbMIERGERrucTRE whbe!thd V-atdn ¥SGa or Fe is
synthesi s gas provi des anot her advantage over

disclgsedieSinith, W&Ofpfa&ﬁilﬁal ng acetic acid from nethanol,

o025 g B85 B G BFAEpEG0L Bl

is a micffbel BChE 2lRnSSi iS5 RUEIclas of AEndreled Tha forhR$d bt mbrdenite in its
producti on of unwanted hydrogenation byprodu

Na-fosmde netiatylgjventas NabaBiheldHpCher (N a@@a&mﬁum@aﬁzo Itis

w0 b 8 e S o PRPRA s ot

memi&ir o €e dd@hindeilicate eeolite blatef mmerlls alsoavgzblerialthe/Na-, NH,- and
referred to as Hnordenite and J—Ifer eri

H- forps. i brihe Na-fpen s kemulysencs] Y| 1o ahen 2N preRoaMeSiis Al Pas IHO or
(Mg, 2{}?"[ nf?ﬁquﬁ%gﬂf 5%1’9705 r%]%n [‘$I§ I't tbb 116 h%ﬁabfetﬁ;&h YHious commercial

Mordenite catal ysts
sourcEmyAddmoml dmﬁ>rmart1dxmrsﬂ1bseanatem1sj cal banfonndrpm theregbsite of the
cont qz}ﬂl} é,her el enents i nnlt he zeolite framework,
Interpgtippa 19 4SSgEPHOR AR B FSRE: Ferrierite cat al ysts
may, in addition to silicon and al um num at ons
[0029] onBedanse thr: mmnoxeiseta@n rcendugtedisubstensially én fh%@ﬂ?é%@? Rf water, the

catal)%gl qu?cgty ?rgq{egg%l N H{n }geggtllo fdr ggliny gyﬁ%&&gmg to 400-

5oooc_ntroduced to the framework by any convent| onal means.
Were a framework nodifier elenent is used in either a
rge o .
00517 55, e S04 2 i GRS ol et s i
tempémamsvﬁrﬂommbblﬁlleo teehtenme 250 V@,Lﬁrefebblyf fromahbaiit5010 ahoutd 80 °C .
about 0:1. T-atomincorp
One Faitise/dhs apice s Ugh, SERESPR s Ry e o6 Endiy Hhe? (DME) o

meth a%@! ASR%hd B o%ﬁt@i\ao@?@ﬁaﬁé@cﬁﬁlyﬁk and %@Eﬁb%ta‘iltla_pdia@éﬁice of water
(12005) 255-263 ; Shawki et al P (Application

can bE@érfBﬁﬁecKWﬂE%ryl‘@h sclestigitics at temperattues dgaifivargydowenisan those

ot S5 it o501 B2 A5 Ry P cpgons

mord@é?egﬁ)ess\éﬁhallyll%act%%p!ﬁb'cﬁfb@hﬂ@ﬁ@’i oOMethAid). R%@dtidn&@mpératures
the nordenite structure where the T-atomis Ga or

are k¢ng vdthin theabdve rangerplse to mimimszeghe delydration 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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[0028] Mordenite (conmmonly avail able as Na-nordenite,
NEU- nordenite or H-nordenite) is a nenber of the
walzumsvmnss! icate zeolite class of mnerals. Thectwsmekal7219

of nordenite inits Na-formis usually given as

Na( Al Si 5012) H20 or (Na2 5Ca K2) Al 2S5 10%43, H2Q It is .
and caglan hakrads jeaptants catgtyst gepesieially diigdmeios tomtrgdpgiion into

materials. Ferrierite is another nenmber of the
thepr%ﬁeﬁﬁﬁ nosilicate zeolite class of mnerals, also

available in the Na-, NH4- and H f ) .
[0033Na Tihe prﬁqefSsm%lawsgégl@raaqq@nwsg? \3@’3@#&@%& Swith continuous

procoREOREIANEREES SERPIRLE MOy ors o gyt i it resctans
being irmmdute iaweithérslinjuid br gaseasiphasesand gnodnctsi withdsaun eegases. As
aesief e Bt Y PR SEAG R Ml U may

be useASS REARINIIR, in \WMeér aZikedMell BE a PludlizddHRA In Beeatirpetht bivcess,
reaction is to be conducted substantially in

unreactbd siatingshatorialemay bheccosersd gad reskidled tp the rfa’ﬂoé:j %g% prodyct
methyi g%,!_tgltg I&'g:% btel[}gﬁ)g/gferd?aﬁnlh ggl’d & gflch? t)éﬁ{emlg ?e FPaRlcahE Bltiel tghén?lcal

ener a OCess IS run a
procedsQifpe batesied. # desired)eheonmtiabmattiRbfiGiudt ey biesentetd a chemical

tenperatures_ of from about 100 fo about 250 C,
T o e R S st fo28 o caonents to other

usefulipqg%&&se_ of the process is that, surprisingly, the
arbonyl ati on of dinethyl ether (DMVE) to nethyl

0034 30 GBS BB B9 AR Bl o

the re¥&loh rﬂ?& tSRRBhia¥iel WA Witer 8TO8N 8édit 88idSigRydrbBeRkéattions.
ower than those cited in the prior art for nethanaql

Alterrativelynthe ahfixsrprodustiimay b @rsspd tam bedrolysis stepcaiacetioped separated

t he rdenite i essenti al | i, 0 [ r .
e TR RS R TR P BB YRt Seid capyst,and
may tK&Phe WrkhbMa feleiahnstilation gcadss well enownimihe ertt he
dehydration of any nethanol that may be present to

or fu. hy, : .
B
dehydiither res@ometpiyduca anttes, wii€0&h bekgparetat] fiopewater agd recycled to

pressures are fro out 1 bar .to about 100 bar,
the caﬁbcéw&tlae|uyltv%§#‘lﬁsla§e§g?f th%ﬁ?fg?@@atkﬂne@%% Tas greater than

10 bar and di nethyl ether pressures below 5 bar. .
[0036] 008 2hotheempbatimssat, the hydrolysiniefithe etetadycitq glcohol and carboxylic

acid i?BQm’fgﬁx?eﬁ%y‘i%”egﬁﬁé Wit ati ong or b Bc%mssqg ?ﬁeaé}{ah?slt 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 function 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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absence of water. Water has been found to inhibit the
carbonyl ati on of dinethyl ether to form nethyl
weacelcater78 This is in conparison to prior art pPOTASI®E/017219
in which dinethyl ether was a co-feed, and in mhich
water was also fed to the reaction. Water is thus 8
Selectivityltomestisyl ectate brebeanshown & be epnsiant @t Y%l@eSc%%ti%retaan 99% at
o £act i 0. pr b I d 0
165°CBRaraa toarb R HBrC ey vis R t Busditfhere but
decreadé YitRhesmbteantr $1e reyulte ardaekpﬁctenﬁmnh therusé of motdmalte and

process. [0033] The process may be run as e
maintengpes g SrRhEgrops gRdraniens. ap thegiior AR GRoates that

morde?ﬁtg @gﬁ&ﬂ? rhoeP 'bg ﬁéédh VoPfglcBhveeon g?ﬁl%f?ltan@ll th Meetic@id at
ase operation, wth reactants being
temperatmem eilhs&nitlalﬂy hﬂghd&rethali 25113 Cd Swch Wﬁrep hlss eammledd to

duct t th L
deactiftin e ae iy SHDSBATRAG i dBBREn YR e d e
block Eﬁg@%yﬁem/&%cﬁvs@ﬁtéshﬁﬁﬁmﬁiﬂ 8will bdlseRh i@k Bahipked

fluidized bed. In operating the process,

expermtmmﬁle dthst zaolitesgindertsémilad condigipnpdo nelcbowrtbe desirgd conversion
dtot e The product nethyl acetate
m“yo%ﬁﬁyﬁeﬁ Yatyg Eﬁeﬁﬁﬁ&ggFg ‘as such, or may be formarded

to other chem cal process units as deS| red
[0038} e sFurthgrmetecassepmpaged topsior avf PprcseRgsttherays nﬁeﬂye‘mht&l%lﬂé?duct
.che [ V.
gasohg% rﬂé Iaotggrc}ﬁgf?e?%gaﬁ {:Ibgﬁ’{ h(gﬁ&c‘gﬁéioﬁgtr}]ﬁéd?%&%%‘é @féed there is a
so-callegle™MITGP (Iﬁéthmicﬁ-to-[gﬂmm]:) ﬂea]ctmn&hairpeéchmesam andesidibiehigh dvel of

the invention the cetate .is recovered omthe
such hydgroprtons pF eRnatics oAR H@q@&ﬂf%t%awmlw SRR éfag%oé o ﬁ?a"Em
howe@e% hiscaft bl ‘iinﬁﬁ Ly ey ngﬂe&éétﬁlgr tR@E4thl ?ﬁ%ed%ﬂ?dlﬁﬁﬂi vV 8h¥s at typical
e entire pro uct be passed to a hydrolysis step,
reactianttngeesttures.aci d separated thereafter. The hydrol ysis
step may be carried out in the presence of an acid

[0039? at@eysllowB@xABylet atedrédeptell @k Mufrative (fakd invention. However,
distillation process, well known in the art. [0035]

they ar¢ netrmesapter limit g, scape ofidissnysi@iced in the hydrol ysis
reactor may be sent to a dehydration reactor to

Genefil peloedupds et her, which can be separated from wat er
and recycled to the carbonyl ation unit as fresh feed

1) CatadystiByep#eati98ny| ati on reactor. [0036] In anot her

[00402 aﬁély?tmvgretm iRy g c%ﬁ‘lél'c él?fm e R b & hmRr@didcbrth @nd pretreated
I c carb oxy Ic acid’is perfornmed by injecting

in flowhigedry air a0 @3 Krfon®heumsoi nts in the catal yst bed, once

a

Catalyst Source Si/Al

H-MOR (mordenite) Zeolyst International 10

H-MOR (mordenite) Zeolyst International 45

H-FER (ferrierite) Zeolyst International 34
H-ZSM5 Al-Si Penta Zeolithe GmbH 12.5

H-Y Engelhard Corporation 3

amorphous SiO,-Al,03 Sigma-Aldrich 6

2) Dimethyl ether Carbonylation Reaction
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significant amount of ester has been produced by

carbonyl ation. Injection of water in this manner
wezemnkiaBl y stops the conversion of dinethyl echas2106/017219

nmet hyl acetate, and renoves the requirenent for a

separate hydrolysis reactor. The nordenite

o041y cFimetvi @raqaabo;xgtaupnwcms wiors SaHishoUt Brp fxedbed siainlgss
cal a F .
ot SRR 4 0 SR, Celyb R ARk flyin e

air fort2ekbuir€ @661ed to waeﬁbrnempemmgso t Bé@?(l)hﬂeushedimﬂxrﬂcmidg dry
cat al yst will then have . to be thoro dri %d bef or e

hehum,w@gl peasaurizgdito 1§ sabefese ip uﬁaéllgﬁeaﬁ le Ipgetany mIXPHe
consm?e{ gﬁ@%ﬁlggﬁg étﬁ%@ kPScdth éiéﬁHﬁ@}ﬁdé %ﬁ&g@ kPa Wiobh, the latfer as

lon Water wnst ream of the main
an 1ntd$rﬁa1C§tandardZ(d rvar =40¢ IkPaI)' yAlhgresieatniedt muiremsam:@trmawyre dried by

pssh 020k g BT ST S RS 5380 restn

Heat-ﬁjﬁ)‘éﬂ Tlﬁé@@O@@Sbh@) SRACE e € Qs tROFbastBRE had bradhers $¢Jan‘:‘6n-hne
Selectivity to nethyl acetate has been shown t

gas chwmatos@ph A gilent 6390) ravinged attb ilapedanigaiigneand theyeal 6<?ndu0tlvﬂ-y

At 1
dotectsGyisy el St art DS pEhiptls KSBedQelRt 1Y
stream Such results are unexgect ed with the use of

3) Dimefbybefher Caghenyletion Beagtion with aynthssis i al | y
[0042ﬂD Iydﬂfrgé& a?ﬁﬁfoﬁ%??ﬁ%ent?@ef cﬁft 1@’&1% ﬂoWeﬁ@tb?&esEﬁ‘@éd

st be use for the conversi on of
abovelriitheaeditarit onigined ¢omsmtedd>fa0 kPe divesthylietles, %B@amthoalmqnomde

25 kPg érgﬁ?)?l{ zyéi? %ﬂ( > C S h rog eggﬁ@r ets z}ngllf,psrgaﬁ %? 8{1{15%1 Wwas replaced
by hy%%?@i?&ft&pch@ Eatslygtrs%t%tfe&&ed Wehdhstgan bl ock catal yst

es and/or acCtive sites. In addition, as wll be

[004SE n j:gipieg{r{qm% é}&{%)l(r% Wu{:‘feg ﬁlgl & :gﬁenq}%%g ﬁ%@\ﬁtﬂ?ﬁ&) i)%%édlﬁ‘g dAr ctaﬁj%nylation

of dinfdRy FtRr avel%dérpéataqgsit@ﬁithyt&mmmm@mftlesaed C, with most
ferrierite 0038 urthernore, as conpared tQ

experimentpbeaing ctegl laél 0 200}, and 93/ Bpr pazben @o5p¥de: cbata[YStS

. sol i.ne I t =

A e

Y faujeﬁgé (1&ng Lﬁlﬁﬁﬂ;@@ﬁéﬁieﬁ&? (H-?ERt Bi3Al +134), apd anhuqﬂmuamhca—alumma
undesira

(SUALT ohebamareniil combiions vt LU b1y PESSEdo6t AW 100

(STPY/nff t2b/oﬁM}@/§ XF93% ?eeﬁ B&1 R0 Z ERHDYre-reactor drying bed at

ret’reat e cat al yst d w th di met hyl ether at
ambldny mmmlratnmau\&mle ndreasingrthe wnggrature 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-ZSM5 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 (=488 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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[0039] The follow ng exanpl es are presented as

illustrative of the invention. However, they are not
worest12i08l i mt the scope of this invention. Geaemakoos/017219

procedures 1) Catal yst Preparation [0040] Catalysts

were obtained commercially in the ammoniumor acid
[0045) 0 Om Britlaigemperetiresd #88 Ki %wrwg:tq;reﬁﬂw coptaingda proad range of
haurs., .Di net hyl, et he ' (Welnl :
hydro‘iﬁ?%f H’erﬂ‘g{‘% &FVe %Iﬁbag ] Wrziﬁp%%% Q’?‘Q?&@% %get\%g ?‘gla car ra?lgg&l] the gas
chrom@&b%rdn‘i‘. Thérbfoes] abedsstenipbla@fss, eaeportddanethpleactate anslimethanol
0.15-0.5 catal yst. Catal ysts re actjvated at 773 K
formation fates\andg- Yampy &F someyhat 1#6%@?11\/@8&“@@ fornationaptedn
tenperatures (150 - 240C), flushed with flow ng dry
[0046]heFigutes Dundl Psiessaetiz acidtand httlzao] foehetien fatesoodi-MOB. Acetic

L XTI M
on H-I?l{%@ MyIelifiBol @hhét fofta R ditletiyl@iheirAd@bsdnée df Wakr, Which may

: 'kPa). AUpretreatnent and reactant streans were
be formieil debwieyenas s bygproducooMTE @adthingrtotgpslingpreaseiionso The gnitial

ety S TIEE 2 X 050 DSLLSPGH By e o

hydroi%legrétﬁﬁ%lﬁﬁhhﬁlgqﬁ‘%c&it@ﬁéﬁ‘ér%aﬁa@sﬁﬁke&fbahhéiﬁ (@ging) at 500 °C.
chromat ograph (Agil ent 6890) equi pped with fl ange

Therefogeivwhzen dstectable sterdyretate methanelipies pip abseraed apaveos i

nmet hyl siloxa nd R a : ;
hycrof et bise Ry SRR Stdnls B A Rotered it effucnt by
gas chfbihbtoSaphiieHiydrocasoh GétdRlioirydes@ealoulatidias ifendimethy] ether

experinents were carrlid out in.the flowreaf)tor
Y

convefed £ productapbebthar methd aetafracriispdder autianoden Meg are
showrkﬁaf‘igﬁmt. B\Y%%%EE %Eid Véﬁ@%bgf?r@e@@ﬂ BR{UER REXIEE  Pré@udt Bdlectivities
argon, an a he I

. ( ium or hydrogen. Helium an
are showhémfiguves5.di | uent, was repl aced by hydrogen after the

catal yst systemreached steady-state. [0043]
[0047Ex R&Fn-ARA SR RefOMAMORESi/US E11G) hitParabip¥eusitiier dliiatha (S/Al =
rocedure for carbonylation of dinethyl ether over
6) weralsrtestad averstyoachrangeof temperasires @ 60 agé% e} 148-335
C, with nost experinents being conducted at 150 - 240
[00489 C.Caabshydatidnlrates gir PO oronoaisunCadmdnt $-MOR stencladorder of

magn%edmltzgm(gg tlgp[s];;\q:p%%t%i ?‘orltge Ié ersalthlnﬁgnufn éo??tént ﬁe-ﬂéf{ ?Si/Al =10).
The lower carbonylation activity (per Al) is not completely unexpected for this material
because it shows higher hydrocarbon formation 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. It 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.

[0050] A summary of the above-described tests is presented below in Table 1.

10
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Y faujasite (HY, Si/A = 3) ferrierite (HFER Si/A

= 34), and anorphous silica-alumna (Si/A = 6).
wéxpwrizmesat al conditions were: 10 bar total preeTwse06/017219

total flow = 100 cnB (STP)/ mn, 2% DVE/ 5% Ar/ 93% CO

feed (passed over 0.5 CaH2 pre-reactor drying be t

it Steafpetate oreues s tronagsandee coimpeseliey &

in steps between 144 and 335 C. [0044] These

experinments denonstrate that nordenite and ferrierite
Studiarveith synthegiegasor to ot her zeolite candi dates for

ons e R o MBS AL AR
hydro %@rﬂ (&e{rﬁ&?)ﬁa&ioﬁﬁﬁt‘%_§ alessehfifly ﬁﬁh‘i’feﬁﬁhibéﬁﬁ’e PeEentt bf BydrbpéaRis one-

e nea 50 tinmes greater than those on H ZSMb and
half ofthe éotelranctdrs Geadstoek (jpwsttor Synthesis grsnd varioys hydrogen:carbon

deacti vatipn S ;obser il.es
monoE g B, B pBR0 SPTENN Sl A By o BbRfafPhles

tenperat ures (>488 K}, nmet hyl acetate rates decreased
Incorpguagionjofframewenkanetalsapparent |y as a result of the

significant formation of |arge unreactive residues.

[0052[ThiGaALISHNHLE fabrdeaite (SiORKG20S v 39.2 end SiA&kAE ~t19eh) was

TR L R R E R ——
conditicﬁ%g g‘hefsa&hﬁﬁ hak@Ratk%n EbwiROAS hir@,35h3811 ) LETTEK40.016BK s-1)

K5t he reactor effluent contained a broad range
for 3hab coynariit otmothe NHfcH fodirig thedire farm. tIDME cgvlanylasion gatos were

net hyl acetate an thanol ip th :
measufg A REEe B T ARle” Verheran P g 25 B} Bl flln o
three-26iRir8isiv@nehdmid aneke.f Dhd@itdlon saapRY0 S, H8Y—1289 nna particle
. sonmewhat larger than their true formation ra#gs. .
diamefeynway treated inaiovping dey &r EHY @B ilE-hiotr gRdc:Feetp for 3 hat
f ar [ . : j i0], of '
773 K (§1Ry sORI RN Bk MTnifE e €338 o] o 2o, Vet PRER o
reactibreERBeAiue €43 S A Kmirttutd-d¥IoR DMEE/H%nAt/93%rE0(99. 8 rME,

fromdi nethyl ether in e absence of water, which may
PraxappUHE AE0, Resaibwas %‘gngéby- product of MIG

(et hane-to-gasoline) reactions. The initial methanol
[0053] orTietdatalyticatadts vesd¢ earhparehitnt H-omydefited{th- MOR Y (euprdight Zoolyst)

wat.er . or of er far from hydroxyl groups
tested ey the Sene H‘\’A@ﬁtﬂ)‘?qst g%bqgit er catal yst pre-treatnent
(drying) at 500 OC. Therefore, when detectable

gheRdY COhpafsdEsM@RAl/SHAL @drdRhRe SRBISIH-aRIi6amiles a
hydrocarbons.are presunmably being fornmed, even.if they

are not detected in the effluent by gas )
chr onmat ogr aphy. Hydrocarbon formatiof rat edl-mordenite
(cal cul ated as the (GamdiShd-metdesite

(Zeolyst, S/AI=10)

Rate [mols/g-atom Al/h] | 0.54 | 0.9

Space Time Yield 0.061 0.103

11
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converted to products other than nethyl acetate,
acetic acid, or nethanol) on HMOR are shown in Figure

wa 200da2eoet i ¢ aci d was observed on the other zeoriuse®s/017219
Product selectivities are shown in Fi gure 5. [0047]

Lowe al um num content.. B MOR.(.Si.LAL..= and-amprphous.
ica al (ISi/Al = 6) wer e alsotested over a
[g'l}sfP{%é\&?%'%‘??éée@? tlenperatures (160 - 3B5 0C). [0048]
Car bonyl ation rates (per Al) on | ow &l um num cont ent

HMOR Were an order of magnitude smaller than those
a 930 kPp @ kP SYE S QP2 A48 Khi gher al um num content H MOR (Si/ A
Al-Sitattd) - The lower carbonylation activity (per Al) is
— not conpletely unexpect ed for this material because it

0054 e 158 PSS G LR un TR T2

contai®b 9'11@%%0%%&@!& h8 co@ébposdibglAss [Ale-ahawl/H]had space time
i rement of anhydrous conditions for car bowyl ation

yieldsdeteQAg) kergeahite! Byl yriontiri 58 of soplowasissf el #5 K reth total
Pm%%?ﬁw%“?P‘F‘e%%ﬁ(%ﬁe@%%?%%%@?ﬁt ) ald B of 1,67 o, These

showel sote<dEoo@ s ialtermsvaf sndl degt L, The resnibtsplaow ﬁmnthelproductlvuy

began t ow sl i ca bonyl ation Vi t
per mesgty aﬁt@fyaf ?aaﬂ preéu%e'glafrvo fire) @%mcaq%%d a&gl&ggﬁﬁ SiigeAl
ratio. MBQNi tude | ower than on H-MOR (Si/A =10) at this
tenperature. [0050] A sunmary of the above-described
Talﬂeg:tBMEC mbe s At (,‘u|' fles & acd alol aY el@fujg:tlon of Al-content in
St eady- st at e product for rrHtMﬁ)R rates and acetyl carbon
selectivity. Studies with synthesis gas [0051]

F Vg gghet € was eval uat edRigy di met hyl et B@ace time yield
carbonylation in the p#LEAGRE ANy dlogeMeOAc/ kg zeolite/h]

Cat Lﬁ)Moﬁt ronratfes are e dl Fy umaffecte tne
i) EEE%CAF Q drogen as onéhal f of the total reactant
( e&) s r\A % Uk R\ Q\lnf haSI S gas (’f \vlari oHs

hydr%‘ (H,@ar bon rmnOX| de erl 0s can be utili zegzv@zithout
(Tajohe BPiGhymie#H®t hy|l et her carbonyl ati on rat es.
| nSt/per& on of |framework metal s [0052]

GaAIH-SIQRH4- mor dehni te (Si OB4Ga208 ~ 39.2 and SIQ4Al
(Z&SW3st; BR €hédmicass clonverted from the ammoni um form and
t esi/ad =fos) DVE car bonyl ati on under the fol |l ow ng

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 em’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



conditions. The sanple was treated in flowing dry air

(3.33 cnBs-1) at 773 K (0.0167 Ks-1) for 3hto
woamsari77gst fromthe NHA+ formto the H+ form PORMES2006/017219

carbonyl ation rates were neasured in a packed- bed

stainl ess steel reactor (8.

1 mm |D .9.5 Mm.OD) hel d
and medifipationa mayrheenadsriberetosishaul deRArting-iem ‘?%%Pﬁ%%‘%e‘. seqppeof the
tgl.yst sanple (0.5 g, 185 - 250 mmparticle
qmemgﬁéﬁgﬁér) was treated in flowing dry air (-1.67 cnB
s-1 g-1, zero grade, Praxair) for 3 h at 773 K (0.0167
K s-1) before cooling in flowing He (-3.33 cnB8 s-1
g-1, UHP Praxair) to reaction tenperature (438 K) and
a mxture of 2% DVE/ 5% Ar/93% CO (99. 5% DVE, Praxair;
UHP Ar/ CO, Praxair) was then fed. [0053] The catal ytic
results were conpared to Hnordenite (H MOR) (supplier
- Zeolyst) tested under the sane conditions, Table 1.
Tabl e 1: Conparison of (GAl/Si)H nordenite and
(Al'/Si)H nordenite sanpl es aa930 kPa CO, 20 kPaDME,
50kPa Ar, 438 K Al-Si ratio [0054] A series of runs
was carried out using catalysts with various Al :Si
ratios. Table 2 contains a list of H MOR sanples and
corresponding rates [nol/g-atom Al Il h] and space tine
yields [g MeOQAc/ kg zeolite/ h]. Typically 0.5g of
sanpl e was used at 438 Kwith total pressures of 10
Atm (20 kPa DVE, 50 kPa Ar, 930 IcPa CO and a flow of
1.67 cnB/s. These showed sone quite good rates in
terms of nol kg"1l h"1 . The results show that the
productivity per mass of catal yst (and presunmably
vol une) can be increased by changing the Si to Al
ratio. Table 2: DME Carbonyl ati on Rates and Space Ti ne
Yields as a function of Al-content in H MOR
Condi tions: 930 kPa CO 20 kPa DVE5 50 kPa Ar; 438 K;
3.33 cmivs ' 1. [0055] Al publications and patent
applications cited in this specification are herein
i ncorporated by reference as if each individua
publication or patent application were specifically
and individually indicated to be incorporated by
ref erence.

13
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[ 0056] Although the foregoing invention has been

described in sone detail by way of illustration and
wexerspker78or pur poses of clarity of under st andpPaguseio6/017219
will be readily apparent to those of ordinary skill in

the art in light of the teachings of this invention
WHATIS;CI&L/@_BS_changesand modi fi cations may be made

ret : b 1o f er
e el R e S oo

ahphatﬁ@éarl%)g@ld@cidgnaamgrthdfurtrmtaon'pr| sing a | ower alkyl ester

of a lower aliphatic car boxyl ic acid having the

fornul a R1- COO-R2 conprigs acting a |ower alkyl

et her hawngthefornuIaRlO in which Rl and R2
comprisitey fenctizpanident dlkylGthahavinghe fproules, provi ding t hat

the total nunber of carbon atons in groups RL andR2 is

from2 to 12, or Rl and Rg-0ggether forma C2-C6

al kyl ene group, with a carbon nonoxi de-¢ &1‘&9 eeq)
in whiclnRg bed Bs exsdndepeodentlyCatGd alky] ssomsy providin ?‘dfgﬁ fqtal number of
d/or ferrierit t [
canvorS 85 G 8 sy B2 S PEIAR bk N Crce
alkyleﬁé" Ero%ﬁt ®ith b$aibBh Imdnoﬁmetoah‘elrﬂmgdfeéh in the Ipeasen@ Qfarmtaﬂwslt

A process accord| n | ai d‘é i,ch the
comprm&mygtemtg amd/ﬁbfegéerﬂt% gindgy su Stmt@glg@gﬂgé 2% GRS
claim1 in which the tenperature is from about 100 0C
to about 250 OC. 5. A process according to claim1l in
whi ch 2he t Anpecess acaording fCT@WITab@UWhIP.B%'lQ)@t@F ds syl acetate and
rocess according to claim1 in which the
theeﬂggg%qs)gghy&g@ﬁfl ses a fixed bed of catalyst. 7. A
process according to claim1l in which the catalyst

conpri ses aAf prabsth aesbrding todlaigatl &l which the catelgsinis Hruowsnite.
process according to claiml.

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

5. A process according to claim 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 continuous process according to claim 1.

9. A batch process according to claim 1.

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

containing feed further comprises hydrogen.

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

containing feed comprises a synthesis gas.

14
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9. A batch process according to claim1l. 10. A process

according to claiml in which the carbon
wounomwxidegont ai ni ng feed further conprises hydpogas2008/417219

A process according to claim 10 in which the carbon

nonoxi decont ai ni ng feed conprises a synthesis gas. 12.

A process according to_claim.,1 rther conprisi .
e of 21 ngimiescss feepriing i it bHEHET Gt R gzine the
j ' 13. according to claim 2
ester t§ g RO h{eg:o?ﬁ%ﬁﬁgﬂméﬁﬁpﬁ?@&&?&

frprlsm olyzing the nethyl acetate to
produce acetic acid. 14. A process according to clajm
12 or 13 i nAyhbedss adverdiggitootlgisl 2 comprisingifrstherhydiokyzing the
igg?ra e rgactor .fromthe ester-producing reaction.

methy} ace eiﬁ}g@ N ARG g to claim 12 or 13 in which the
hydrolysis is conducted in the sane reactor as the
est er - p4 0dugi piecdss acdording tol@aimAl pootEmsvidcic thediydplysss is
claiml in which Rl and R2 arﬁ Cl-C6 al kyl groups. 17.

condupted iy separaie FEEQF Hgm e SFta-PHodusIAg P R1 and R2 are
strai ght chain Cl-C6 al kyl groups. 18. A process

accor dil?.g ta g@h@és@aﬂcoﬂln%‘m AhinRl> 8Nts RAVIREE thiethyakdiis is
chai n al kyl oups having from1l to 3 carbons each.
condud@d ikthersame seactur@s tlh esteripoodsicaigrededionn whi ch t he al kyl

groups contain a total of from2 to 8 carbon atons.

20. A process _according t laim 19. i [ t a

2D ouns T o A prarhasioning Iy dot Tk fnleh ) Up R W CACK 1
group@ccording to claim16 in which the alkyl groups

contain a total of from?2 to 6 carbon atons. 22. A

rocess according to claiml jn i a R2 ; .
? oget hé?. f oAﬂprgc%g according to claim 1M]w%1r}:h% angq{g are straight chain
C1-Cs alkyl groups.

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

alkyl groups having from 1 to 3 carbons each.

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

total 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 C,-

Cs alkylene group.

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

straight-chain C,-Cs alkylene group.

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

C4 alkylene group.
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C6 al kyl ene group. 23. A process according to claim1

in which RL and R2 together forma straight-chain C2-C
wabkbosliermas gr oup. 24. A process accordi ng to cl acmu$2006/017219

which R1 and R2 together forma C2- C4 al kyl ene

group. 25. A process according to claim1 in which the

catal yst contains one gr nore additjopal franmework,

met al $2526 A progss aecosding torlaih h1n YYL’@R %i‘eiﬁai"gy?rt FORRINE Que or

. s are selected fromgallium boron
more %Jr%@tlér{ag%%rmgﬂis.

A process according to claim25 in which
the framework netal is gallium 28. A process
accor dR6g t & mbedsera®rding whéleim 2hin which thesfransemgrkingadals are
denite and the franmework netal is selected from
Sele"t%frf’ 1 FOLIGHER- 29, A process according to claim
25 in which the catal yst conprises ferrierite and the

framework matglocdss a8hr@ak @flclhin®D3 Bdvhich the Bah@MorRkAGkalris
i ron.

gallium.

28. A process according to 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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