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as an i ndust in the manufacture of various chemcals. For
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The present invention relates generally to a process for the production of

ethyl acetate from acetic acid. More specifically, the present invention relates to a

process including hydrogenating acetic acid utilizing a catalyst composed of a

supported bimetal catalyst, such as for example, platinum or palladium and copper
15 or cobalt supported on a suitable catalyst support optionally containing one or

more additional hydrogenating metals to form ethyl acetate with high selectivity.

Background

There is a long felt need for an economically viable process to convert

20  acetic acid to ethyl acetate. Ethyl acetate is an important commodity feedstock for
a variety of industrial products and is also used as an industrial solvent in the
manufacture of various chemicals. For instance, ethyl acetate can readily be
converted to ethylene by subjecting it to a cracking process, which can then be
converted to a variety of other products. Ethyl acetate is conventionally produced

25 from feedstocks where price fluctuations are becoming more significant. That is,
fluctuating natural gas and crude oil prices contribute to fluctuations in the cost of
conventionally produced, petroleum or natural gas-sourced ethyl acetate, making

the need for alternative sources of ethyl acetate all the greater when oil prices rise.

30



The hydrogenati on of carboxylic acids over heterogeneous catalysts to
produce al cohols is well reported. For instance, United States Patent No.
2,607, 80Awoizenliases t hat et hanol can be fornmed from acePCt/useiod/ooues a
rut heni um catal yst at extrenely high pressures of 700-950 bar in order to
achieve yields of 5 around 88% whereas |ow yields of only about 40% are
obt ai ned at pressures of about 200 bar. However such extrenme reaction
conditions are unacceptabl e and uneconom cal for a commercial operation.
More recently, even though it may not still be comercially viable it has
10 been report ed Thedtydeigeaatadn @éaarltm(yﬁcaddsederfhemgapdommysmg) acetic
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nmol ybdenum uase¢aneguealifer sepmmerinl Opaialed t herein that inproved sel ectivity
to a mxture of alcohol and its ester with the unreacted carboxylic acid is
achi eved over the prior art references it was still reported that 3 to 9

percent of al kan@doresgcdntlgseventthouih idnay eohstilebacsminerdiaty \asblbyt Hasoduct s
during the hydrogenation of acetic acjd tq ethanol under their optinal
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in EP 0 372 this ‘proces carboxylic acid ester, suc s for
exanpl e, et lexhmaleetiaited StatqsrRatkne &b. 41513,3903@Skcténarvjl of greater than 50%
whi | e produci ng the correspondi ng al cohol at a selectivity less than 10%
froma carboxylic acid or anhydride thereof by reacting

On the other hand, United States Patent No. 5,149,680 to Kitson et al.

15 describes a process for the catalytic hydrogenation of carboxylic acids and their
anhydrides to alcohols and/or esters utilizing a platinum group metal alloy
catalyst. The catalyst is comprised of an alloy of at least one noble metal of
Group VIII of the Periodic Table and at least one metal capable of alloying with
the Group VIII noble metal, admixed with a component comprising at least one of

20  the metals rhenium, tungsten or molybdenum. Although it has been claimed
therein that improved selectivity to a mixture of alcohol and its ester with the
unreacted carboxylic acid is achieved over the prior art references it was still
reported that 3 to 9 percent of alkanes, such as methane and ethane are formed as
by-products during the hydrogenation of acetic acid to ethanol under their optimal

25  catalyst conditions.

A slightly modified process for the preparation of ethyl acetate by
hydrogenating acetic acid has been reported in EP 0 372 847. In this process, a
carboxylic acid ester, such as for example, ethyl acetate is produced at a

30  selectivity of greater than 50% while producing the corresponding alcohol at a

selectivity less than 10% from a carboxylic acid or anhydride thereof by reacting



the acid or anhydride with hydrogen at el evated tenperature in the presence
of a catalyst conposition conprising as a first conponent at |east one of

G oup VI Iwonotwme4ret al and a second conponent conpri si ngCatusb@asv4186e of

nol ybdenum tungsten and rhenium and a third conponent conprising an oxide
of a Goup |IVb 5el enent. However, even the optinmal conditions reported
therein result in significant anmounts of by-products including nethane,

et hane, acetal dehyde and acetone in addition to ethanol. In addition, the
conversion of acetic acid is generally low and is in the range of about 5
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80% 10 Fromthe foregoing it isfa arent that existing pRﬁﬁesses do
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15

Summary of the Invention

Surprisingly, it has now been unexpectedly found that ethyl acetate can be
made on an industrial scale directly from acetic acid with very high selectivity and
yield. More particularly, this invention provides a process for the selective

20 formation of ethyl acetate from acetic acid comprising: hydrogenating acetic acid
in the presence of hydrogen over a hydrogenating catalyst comprising at least one
metal selected from the group consisting of nickel, platinum and palladium and at
least one metal selected from molybdenum, rhenium, zirconium, copper and
cobalt with the proviso that platinum may be used without molybdenum, rhenium,

25  zirconium, copper or cobalt. In addition, the catalyst is comprised of a suitable
catalyst support optionally including one or more metal catalysts selected from the
group consisting of ruthenium, iridium, chromium, tin, tungsten, vanadium and
zinc. More specifically, the catalyst suitable for the process of this invention is
typically comprised of a combination of platinum and copper supported on a

30  suitable catalyst support or palladium and cobalt supported on a suitable catalyst

support. Suitable catalyst supports include without any limitation, silica, alumina,



30sui tabl e catal yst support or palladiumand cobalt supported on a suitable
catal yst support. Suitable catalyst supports include w thout any

limtati owp28iddiews al um na, cal cium silicate, carbonpPCTiuSc@miond186
zirconia-silica, titania, titania-silica, iron oxide and zeolite catal ysts
such as for exanple HZSM5. In another aspect of this invention a

conbi nati on of copper/zirconium 5supported on a suitable catal yst support
such as silica is also a suitable catalyst for the sel ective hydrogenation
of acetic acid to ethyl acetate in accordance with the practice of this

i nvention. DRelcaurhesdicBescarbt,izomowh, Ziteoniansikier, ticamial Gitdnga-sitivag ntonooxides
described in detall below w th referen mer ous enbodi nents for

pur poses of a@ﬁ@ﬁ@l’@f?@!ﬁ?’?&é Cléﬂ# rlef‘%l@?fegfl'ltzgﬁﬁ%nl y. Mdifications to
particul ar enmbodiments within the spirit and scope of the present
invention, set forth in the appended clains, wll be readily apparent to

t hose of skill i rin@anethgr aspeat3ifithis suventipr aspebirfation of goppef/zimemhiwra| ow,

term nol Qgy as.used herein is. qgiven its ordinary. meani ng., I r.cent
(mote 9 o o ondiiondEb Pyl Slhng sh & AP in s S BB

i ndi cated. i ghiéctivehgeidigefaton%ratet’d acidieh dthidack@id T acedr@indeGvivieinght
percent unless otherw se indicated. 20Typically, the catal yst netal

| oadi ngs ar restise O Bugiinysnty@l. ght percent of a catal yst metal based on the
total dry weight of the netal and catal yst support. Thus, for exanple, one
(1) weight percent of netal on a support neans that one gram of pure netal
is present iDetdilfd Desariptiaf ofsthp povenedn et al catal yst, i.e., the conbi ned

i ght of support_ (99 gra and. t he tal (1 gram.
welg 10 PP Th(e mvegntlogsig descgbecp in ({L‘%alf‘bel(()w V\%th r@ference to numerous

embodiments for purposes of exemplification and illustration only. Modifications
to particular embodiments within the spirit and scope of the present invention, set

forth in the appended claims, will be readily apparent to those of skill in the art.

15 Unless more specifically defined below, terminology as used herein is
given its ordinary meaning. Mole percent (mole % or %) and like terms refer to
mole percent unless otherwise indicated. Weight percent (wt % or %) and like

terms refer to weight percent unless otherwise indicated.

20 Typically, the catalyst metal loadings are expressed as weight percent of a
catalyst metal based on the total dry weight of the metal and catalyst support.
Thus, for example, one (1) weight percent of metal on a support means that one
gram of pure metal is present in 100 grams of supported metal catalyst, i.e., the

combined weight of support (99 grams) and the metal (1 gram).

25
“Conversion” is expressed as a mole percentage based on acetic acid in the
feed. The conversion of acetic acid (AcOH) is calculated from gas
chromatography (GC) data using the following equation:
30 mmol AcOH in (feed stream) - mmol AcOH out (GC)

AcOH conversion (%) = 100 *
mmol AcOH in (feed stream)



25 "Conversion" is expressed as a nol e percentage based on acetic
acid in the feed. The conversion of acetic acid (AcOH) is calculated from
gas chr omsoagroapims(GC) data using the foll ow ng equati @aT/USemawh418€ OH i n
(feed stream) - mmol AcOH out (GC) AcOH conversion (%9 = 100 * nmol AcOH
in (feed stream "Selectivity" is expressed as a nol e percent based
on converted acetic acid. For exanple, if the conversion is 50 nole % and
50 nole % of the converted acetic acid is converted to ethyl acetate
(EtOAC), we refer to the ethyl 5acetate selectivity as 50% Selectivity is
cal cul ated fromgas chromatography (GC) data using the follow ng equation:
mmol EtO0Ac out (G ,Selecgtivity tq EtOAc (%9 = 100 .* 10Total mpl C out
(GO) mmol AcOH outSeleetyity is eXpyeﬁﬂ’?graéiaﬁn&T&F/%?ﬁn%?d@‘B‘Bﬁve(@:?“et‘rcef ers to
tﬁt al tmml S aﬁfd. CPJrQQQmHe?fPtﬁé torRbrsidifis 5D MEIedbahe se Ry aesk Ry gas
chr omat ogr aph.

converted acetic acid is converted to ethyl acetate (EtOAC), we refer to the ethyl

5  acetate selectivity as 50%. Selectivity is calculated from gas chromatography

(GC) data using the following equation:

mmol EtOAc out (GC)

Selectivity to EtOAc (%) = 100 *
10 Total mmol C out (GC)

- mmol AcOH out (GC)
2

wherein “Total mmol C out (GC)” refers to total mmols of carbon from all of the

15 products analyzed by gas chromatograph.

The reaction proceeds in accordance with the following chemical equation:

5 2H, H
— = c c’ + 2H,0
H,C 3 0) CH3

OH
20
In accordance with the invention, conversion of acetic acid to ethyl acetate

can be carried out in a variety of configurations, such as for example in a single
reaction zone which may be a layered fixed bed, if so desired. An adiabatic
reactor could be used, or a shell and tube reactor provided with a heat transfer ,

25 medium could be used. The fixed bed can comprise a mixture of different catalyst
particles or catalyst particles which include multiple catalysts as further described
herein. The fixed bed may also include a layer of particulate material making up a
mixing zone for the reactants. A reaction mixture including acetic acid, hydrogen
and optionally an inert carrier gas is fed to the bed as a stream under pressure to

30  the mixing zone. The stream is subsequently supplied (by way of pressure drop)

to the reaction zone or layer. Reaction zone comprises a catalytic composition



The reaction proceeds in accordance with the foll ow ng chem cal equati on:
20 In accordance with the invention, conversion of acetic acid to

et hyl acevetelooam4be carried out in a variety of confi gecatiseens/ooa8eh as
for exanple in a single reaction zone which may be a | ayered fixed bed, if
so desired. An adi abatic reactor could be used, or a shell and tube reactor
provided with a heat transfer 25 medi um could be used. The fixed bed can
conprise a mxture of different catal yst particles or catalyst particles
which include nmultiple catalysts as further described herein. The fixed bed
may al so i ndhcidding alsagteblethydmgemaitinglcataéysnaﬁlerei amktioraddd t’rsghy;tnognn’teﬂlitng zone
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pressure to 30 Bﬂ%a&bf('tlﬂguélﬁﬂﬁre -ﬁlﬁ%m%hfs%msb%ﬁpbsequent l'y supplied (by way
of pressure drop) to the reéactioh zone or |ayer. Reaction zone conprises a

catal ytic conposition including a suitable hydrogenating catalyst where
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acetic acid chtaf@mﬁh@pmessméhlau@enhom Hds pictaredghagfa h anateeataiisti t i s

g;gf renra{ Sld tsgﬁ% ls%eéiy gr Onﬁflgéd 3t (fe%ts?(])r}és et, f%lle%}/%dfr&ﬁ tﬁe[o g&%‘hp %?9518 ng alf | east

group consi s I num and

pal I adi um angcladl, pl@@sim @Iﬁtepmtialma@d gcltad oﬁé ﬁmm@ély&é@ﬁum mbBibdemingm
zirconium copper and cobalt. In addition, the catalyst is conprised of a

sui t abl elocatrapwm, eI, %ﬂy@%m ¢apaltn & %ﬂm@n dhrecadplystds eompiised A al yst s
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as pl ati num fadranke gmppoommimgmfau&amuab lirddiomt allu‘gmﬂumutpmaumgsiaamg h as titania
may al so be ) . . .
vanadium and zinc. However, single supported metal catalyst such as platinum
alone supported on a suitable catalyst support such as titania may also be

15 employed in the process of this invention.

Preferably, the catalyst suitable for the process of this invention is
comprised of a combination of platinum and copper supported on a suitable
catalyst support or palladium and cobalt supported on a suitable catalyst support.

20  Typically, it is preferred that a suitable weight ratio of a combination of metals on
a suitable support can be used as a hydrogenating catalyst. Thus, for example, a
combination of platinum and copper (Pt/Cu) or palladium and cobalt (Co) in the
weight ratio of about 0.1 — 1 are particularly preferred. More preferably, a weight
ratio of Pt/Cu or Pd/Co is about 0.2 -0.5 and most preferably the weight ratio of

25 Pt/Cu or Pd/Co is about 0.2.

The other catalysts suitable in the process of this invention include a
bimetallic combination of nickel/molybdenum (Ni/Mo), palladium/molybdenum
(Pd/Mo) or platinum/molybdenum (Pt/Mo) supported on H-ZSM-5, silica or

30  carbon. In this aspect of the invention the loading levels of a bimetallic

combination of Ni/Mo may be any level to affect the selective hydrogenation of



15enmpl oyed in the process of this invention. Preferably, the catal yst
suitable for the process of this invention is conprised of a conbination of
pl at i numwiodoappes supported on a suitable catal yst suppoas2am/opaié adi um
and cobalt supported on a suitable catal yst support. 20 Typically, it is
preferred that a suitable weight ratio of a conbination of netals on a

sui tabl e support can be used as a hydrogenating catal yst. Thus, for

exanpl e, a conbination of platinumand copper (Pt/Cu) or palladium and
cobalt (Co) in the weight ratio of about 0.1 - 1 are particularly
preferred. Mszesc peidfteetall a}c,etemem&lgflpicaﬂaﬁﬁ isabcbutl?twci‘ghmer@ait fickelsandifout 0. 2

-0.5 and nost preferabl 0 Pt/Cu or Pd/Co is about O.2.
The ot her caV&e %R%C%F‘%émdgn\“ﬁ ? /{)ﬂgéé@ M%’?tgli‘ﬁpé”ﬁeﬁ\?Eﬁﬁbé’ﬁ i ncl ude a
bimetal | i ¢ conmbi nati on of nickel/nol ybdenum (Ni /M), palladi um nol ybdenum

(Pd/ M) or platinun nol ybdenum (Pt/ M) supported on H-ZSM5, silica or
30carbon. In thi sIna@péxct agplect, He loadingidvels aflreimgmtlingpnitanaion effPddMo

bi nretal |i eve af ctt | ective
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wei ght per cegin aﬂﬁo&iddeyhm 5 wei ght percent nol ybdenum (1 wt% Pt/5 wt % M)

supported on silica or carbon can al so be enpl oyed. 10 I n anot her
aspect of® this invention, the catalyst is chosen froma binetallic

conbi nation of ni Hlka%{(% hrePQ e%t(tl-}gs/ n‘?féélu% tB@'th%ﬁJsHE’cBBs%ﬂ' §%89{af1{%d on

titani a. Again, I's aspect I'nvent 1 on any SUIt e netal 1 oadings
can be enpl ogoad)mzmohxmf mickabithehiunh ENgRE)emtpalledinyndthegienadupported omaeiniac aci d
to ethyl aceAat e.. For
gain, in thlS aspect of the invention any suitable metal loadings can be employed
to bring about the selective hydrogenation of acetic acid to ethyl acetate. For
15  instance a bimetallic combination of 1 weight percent nickel and 5 weight percent
rhenium (1 wt% Ni/5 wt% Re) supported on titania or a bimetallic combination of
1 weight percent palladium and 5 weight percent rhenium (1 wt% Pd/5 wt% Re)

supported on titania can be employed.

20 In another embodiment of this invention there is also provided a process
for selective and direct formation of ethyl acetate from acetic acid comprising:
contacting a feed stream containing acetic acid and hydrogen at an elevated
temperature with a suitable hydrogenating catalyst containing about 0.5 weight
percent to about 1 weight percent of palladium and 2.5 weight percent to about 5

25 weight percent of rhenium on a suitable catalyst support. More specifically, the
catalyst support contains palladium at a loading level of about one (1) weight
percent and rhenium at a loading level of about five (5) weight percent and the

catalyst support is titania.

30 In this aspect of the invention, the reactants consist of acetic acid and

hydrogen with a molar ratio in the range of about 1:10 to 1:5, the temperature of



15i nstance a binetallic conbination of 1 weight percent nickel and 5 wei ght
percent rhenium (1 wt% Ni/5 wt % Re) supported on titania or a binetallic
conbi nat iwo 20fo/ai4148i ght percent pal |l adi um and 5 wei ght perasae90haré um (1
wt % Pd/5 wt % Re) supported on titania can be enpl oyed. 20l n anot her

enbodi nent of this invention there is also provided a process for selective
and direct formation of ethyl acetate fromacetic acid conprising:
contacting a feed stream containing acetic acid and hydrogen at an el evat ed
tenperature with a suitabl e hydrogenati ng catal yst containing about 0.5

wei ght per cethe r¢astiabhaate & inehglingper aboit 235°Q &l PA¥Cumdatie @eSumeofghe

percent to about 5 25wei ght perc rh |umo a suitable catal yst
support. Mor&adipagopg &%Pﬁg“f ra?ng%oggl?%t}gtto g@ﬁ%‘}sﬁ’ %rSﬁ?téﬁoh'g -pal | adi um at a
| oadi ng | evel of about one (1) weight percent and rheniumat a | oading

| evel of about five (5) weight percent and the catal yst support is titania.
30In this aspect ﬁarictltse:atalmempmn,s hlhwnﬁm&wtmaslheomsdstswpoactMi c acid and

hydr ogen wit I rati ange qf about. 1 t he

aerat i e Grayel fisiByerdion Satel iR Sy BRREL s ot o 27sc
and the presjHiigidH, zédIRe,'s@a¢hd HIZSNAE idoh dxidel E‘lﬁcﬂaﬂ‘lﬂﬂnﬁftnﬁﬁﬁuhrcmlato 20
at nospheres absol ufe. Varl ous cat al yst supports known in the art can be

used to suppdagnesiien Sxide. atagﬂsllrs sdicateh¢arbom\eeanthiteand Bxeirpirehesfofsuch supports
i nCl Ude wi t hpr'é}‘en%p%%l%poiﬂs a?é Sl?lca a}uel'l'olilnlﬁ,tacealCIUﬁllCSch%§e %r%§ fCOIl'l{aOa?ldOXI de

silica, alumna nra, zirconia nest um oxr calcrumsrlicate,
carbon, graptitahia. Mdte @rd’fw&blyrs@hdahglh@éﬂfas RaRdl gst KepbFtiRaE bfocagseshisi ca,
alum na, calciumsilicate, carbon, zirconia and titania. Mre preferably
silica i ¥ usiByeniipng Ihlétabﬁpysmosemp@mteuthattm@epﬂtf‘c@gstyef Sltllﬁ%shqmttﬁiéﬁwtl on. It
is also |rrpoigtaggtsu15}pmnote that higher the purity of silica, the better it
is as a suppo anot her aspect of the process of this invention,
any of known zeoI ite cat aI yst s can al so be enployed as a catal yst support.
Wi |l e any zeolite havi
y In otheg aspect of the process of this invention, any of known zeolite
catalysts can also be employed as a catalyst support. While any zeolite having a
15 pore diameter of at least about 0.6 nm can be used, preferably employed among
such zeolites are the catalyst supports selected from the group consisting of

mordenites, ZSM-5, a zeolite X and a zeolite Y.

The preparation of large-pore mordenites is described, for example, in U.S.
20 Pat. No. 4,018,514 and in Mol. Sieves Pap. Conf., 1967, 78, Soc. Chem. Ind.
London, by D. DOMINE and J. QUOBEX.

Zeolite X is described, for example, in United States Patent No. 2,882,244
and zeolite Y in United States Patent No. 3,130,007.
25
Various zeolites and zeolite-type materials are known in the art for the
catalysis of chemical reactions. For example, United States Patent No. 3,702,886,
of Argauer, discloses a class of synthetic zeolites, characterized as "Zeolite ZSM-
5", which are effective for the catalysis of various hydrocarbon conversion

30 processes.



15 pore dianeter of at |east about 0.6 nmcan be used, preferably enpl oyed
anong such zeolites are the catal yst supports selected fromthe group
consi sti nyoabiwmudéni tes, ZSM5, a zeolite X and a zeol PC&U82009/004186 The
preparation of |arge-pore nordenites is described, for exanple, in US.
20Pat. No. 4,018,514 and in M. Sieves Pap. Conf., 1967, 78, Soc. Chem

I nd. London, by D. DOM NE and J. QUOBEX. Zeolite X is described, for
exanple, in United States Patent No. 2,882,244 and zeolite Y in United
States Patent No. 3,130,007. 25 Various zeolites and zeolite-type

mat eri al s are knoWhe zevlitdsesudable farthe pmceditraloy tiesnedntivhean dbalin thedasicons. For
exanple, United States Patent 02,.886, of auer i scl gses a cl ass
of synt heti c!%@oll ggam@ &Péiﬁtgfy %%‘Eaife%erm@ez%w ‘ngll UEHN3IPY of f ect i ve
for the catafyygl s of various hydrocarbon conversion 30processes. The

zeolites suitable for the procedure of the invention can be in the basic
form in the partially or totaIIy acidified form or in the partially

deal um nagted for t he zeolit st s ort in the process
of “the present i nbRrrON F esiiie ERENEFSeptrt it Hspridess SEPBASEN as e 7oM &
or "14-nor deﬁw&ﬁ onZ28r ﬂm@%roti/@hﬂoﬁh,,@hﬂa&éﬁi@iﬁﬁéd"ﬁlm%"Qf?l“HeﬁxBRiéﬂlté?g " ZSM 5"
zeolite or "nordenite" zeolite by replacing nost, and generally at |east

about 80% of zeohitescwhichrase mﬁpalﬁéfnoat@e@rr%@@ndme"ﬁSMS hgepliggem i ons usi ng
techni ques ekl kiow) oL (e J0BLL m 0S8 250k 5 1630 3l uRdoar pygssent 1l |y

crystalline Ui nosi cat onbination of silica

and al uni na ¢afioas wethk latek Izé’tﬂﬂe Wimstyalrdgeneor&tdsmgttué}ﬁuqﬁd@ veel PREGWICIH the | Y
preferred class_of zeolite catalysts for poses of the present invention,

t he rol al® r at-ollgse gpqlste catalysts@ne Pﬁﬁe@tr?élsyecrz%lm@ @lslml%osa\lﬂqaﬁﬁswrﬂm@er atio of

about 10 t0 R0+ alRrm a combination of silica and alumina in a well defined crystalline
structure. In a particularly preferred class of zeolite catalysts for purposes of the
present invention, the molar ratio of SiO; to Al;Oj3 in these zeolites is within the
ratio of about 10 to 60.
15
In another aspect of this invention, the combination of catalyst metals,
palladium and cobalt or a combination of platinum and copper are supported on a
high purity low surface area silica or H-ZSM-5 using the procedures well known
in the art or the procedures further described herein. Other preferred catalyst
20  supports for platinum or palladium based metal catalysts are carbon, titania and

zirconia.

In another embodiment of this invention the preferred catalyst support is
carbon. Various forms of carbon known in the art that are suitable as catalyst
25  support can be used in the process of this invention. Particularly preferred carbon
support is a graphitized carbon, particularly the high surface area graphitized
carbon as described in Great Britain Patent No. 2,136,704. The carbon is
preferably in particulate form, for example, as pellets. The size of the carbon
particles will depend on the pressure drop acceptable in any given reactor (which
30  gives a minimum pellet size) and reactant diffusion constraint within the pellet

(which gives a maximum pellet size).



I n anot her aspect of this invention, the conbination of catalyst netals,

pal | adi um and cobalt or a conbination of platinumand copper are supported
on a hi ghwpuaoioog4i4ew surface area silica or HZSM 5 usi rgTiuseoopneaseur es
wel | known in the art or the procedures further described herein. O her
preferred catal yst 20supports for platinumor palladiumbased netal

catal ysts are carbon, titania and zirconia. In another enbodinent of this
invention the preferred catal yst support is carbon. Various forms of carbon
known in the art that are suitable as catal yst 25support can be used in the
process of this invention. Particularly preferred carbon support is a
graphitized carbo articularly the high surface area graphjtized carbon
as described in %?arg?'? ‘faé?lﬁSthﬁPB?ﬁs _ar9§111§9@?e71@ .emgﬁé’&g is

pref erably ipvegidn débRlEGabl PorodsQUartoraaRil Bt sésboPs! '\ﬂmhey?@feﬁb&e of the
carbon particles will depend on the pressure op acceptable I n any given
react or (whipartidegizesthegartioni wilimepdté be perionio mext theprefared surfaéeisiean
constraint wi,thin the pellet (which gives a maxi mum pellet size). The
carbon cat al SEALIIHE ts that are suitable in the process of this invention
are preferably porous carbon catal yst supports. Wth the preferred particle
sizes the carbon will need to be porous to neet the preferred surface area
S5char act eri st i cs. The catalystisuppartsdnglydingubpenrben ¢atelysidiupportshmay ke bon cat al yst

SUBPOT S, T GRLTS) S Bt S RPN AP
adsor ption ugtapy théeurfiRt g determined by nitrogen adsorption using the method of
10 Brunauer Emmett and Teller J. Am. Chem. Soc. 60,309 (1938). The basal plane
surface area is the surface area determined from the heat of adsorption on the
carbon of n-dotriacontane from n-heptane by the method described in Proc. Roy.
Soc. A314 pages 473-498, with particular reference to page 489. The edge
surface area is the surface area determined from the heat of adsorption on the

15 carbon of n-butanol from n-heptane as disclosed in the Proc. Roy. Soc. article

mentioned above with particular reference to page 495.

The preferred carbon catalyst supports for use in the present invention
have a BET surface area of at least 100 m*/g, more preferably at least 200 m?/ g,
20  most preferably at least 300 m? /g. The BET surface area is preferably not greater
than 1000 mz/g, more preferably not greater than 750 m?/g.

It is possible to use carbon catalyst supports with ratios of basal plane
surface area to edge surface area of at least 10:1, preferably at least 100:1. Itis
25 not believed that there is an upper limit on the ratio, although in practice it will not

usually exceed 200:1.

The preferred carbon support may be prepared by heat treating a carbon-
containing starting material. The starting material may be an oleophillic graphite
30  e.g. prepared as disclosed in Great Britain Patent No. 1,168,785 or may be a

carbon black.

10



i 0o Brunauer Emmett and Teller J. Am Chem Soc. 60,309 (1938). The basal

pl ane surface area is the surface area determ ned fromthe heat of

adsor pt i omoanioitier4sar bon of n-dotri acontane from n- hept aoe/usgomioes1set hod
described in Proc. Roy. Soc. A314 pages 473-498, with particular reference
to page 489. The edge surface area is the surface area determ ned fromthe
heat of adsorption on the Iscarbon of n-butanol from n-heptane as disclosed
in the Proc. Roy. Soc. article nentioned above with particular reference to
page 495. The preferred carbon catal yst supports for use in the
present invention have a BET surface area of at |east 100 n2/g, nore

preferably at |east 200 n®/ . 20 st preferably at |east. 300.n2 /g. The
BET surface area T'SVHYEf @F%ﬂﬁg‘crﬁf?é%?eéﬁg%t?m_t nl‘BS’@F #%‘f‘go,fvﬁﬁf fingyr ef erabl y
not greater %&iﬁ&e?%dﬁlﬁm and are thérefote ROSRIrPLGtdbR: MR riGRBOMkGR! al yst
supports with ratios of basal plane surface area to edge surface area of at

| east 10:1, eaydsupportsatWVe preder to@@oid their uses Sitmnlat cdresidesatimas apply to here is

an upper Jimt,on the ratio, although in practice it will not usually
exceed 2 :JPMbmpmaa$H@m $8F83?8%a¥§?6§WI%ﬂﬁﬁ%?¥enay be prepared by heat
treating a carbon-containing starting material. The starting material may

be an ol eophillic _graphite 30e3§. prepared as disclosed in Geat Britain
Patent No. 1,168, VBopisferredynaserials aerastimatedl gatbons derived fronHyegeiabie

I hilli i i b i f f f.| ticl i
o S0 L1t BB cEaPLAGER D9 S LA, o Sk P2 11 o= 1

cat al yst suppdyinsrs. Wheptistéredls subjedtal @ thbheédt tiéa@nenbpreférablyHans paleicRt i ons

apply to 5carbon bl acks which al so have a very fine particle size.
10 sizes not less than these indicated above as being preferred for the carbon support.

The preferred starting materials have the following characteristics: BET

surface area of at least 100 mz/g, more preferably at least 500 m?/g.

15 One preferred heat treatment procedure for preparing carbon supports
having the defined characteristics, comprise successively (1) heating the carbon in
an inert atmosphere at a temperature of from 900°C to 3300°C, (2) oxidizing the
carbon at a temperature between 300°C and 1200°C, (3) heating in an inert
atmosphere at a temperature of between 900°C and 3000°C.

20

The oxidation step is preferably carried out at temperatures between 300°

and 600°C when oxygen (e.g. as air) is used as the oxidizing agent.

The duration of the heating in inert gas is not critical. The time needed to
25  heat the carbon to the required maximum temperature is sufficient to produce the

required changes in the carbon.

The oxidation step must clearly not be carried out under conditions such
that the carbon combusts completely. It is preferably carried out using a gaseous
30  oxidizing agent fed at a controlled rate to avoid over oxidation. Examples of

gaseous oxidizing agents are steam, carbon dioxide, and gases containing

11



The preferred materials are activated carbons derived fromvegetabl e
materials e.g. coconut charcoal, or frompeat or coal or from carbonizable
pol yner s.woheiwasssi al s subj ected to the heat treatnent PprafSescaiobsishave
particle 10sizes not |ess than these indicated above as being preferred for
t he carbon support. The preferred starting materials have the

follow ng characteristics: BET surface area of at |east 100 n2/g, nore
preferably at |east 500 n2/g. 150ne preferred heat treatnment procedure for
prepari ng carbon supports having the defined characteristics, conprise
successi vel ymflEyulheatyigen, ¢ geic afieooxidatioans preerablatcanidioat ® givea t enper at ure

of from 900C to 3300C,. (2),. oxidizing. the carbon at a t rat ure between
300C and 12030 HRRLRE Mgt L fD Meieht PerbHis DRt Weeh! St ur o of
bet ween 900G, 8nded0He oxdation step, Hdfe 8?&'&9%15'991&&61% Weight gd&n@bl y carried
out at tenperatures between 300 and 600C whén oxygen (€.g. as air) is used

as the oxidizing agent. The duration of the heating in inert gas is
not critical. Thetinme ded to. 25heat th rb to,.the r i.red maxi num
t enper at ar eis su g WF‘@H{SI%%‘SEF%S{??B' T%@r?iﬂﬁﬁ?%@]gﬁ%gg?c?’ﬁ%?ﬂ& car bon.
The oxi dat i agarisdnequbjBdeed t6 kiRadidativdtstd}e nforé pieBstaBlytnot BRtaTer BRRDIStWAPE such
that the carbon conbusts conpletely. It is preferably carried out using a

gaseous 30oxiei¢ent pfthggaronf ed at a controlled rate to avoid over oxidati on.
Exanpl es of gaseous oxi di zi ng agents are steam carbon di oxi de, and gases
containing nolecular oxygen, e.g. air. The oxidation is preferably carried
out to give a carberavwesfFapplyesoxifiziag ag@nsd préferasty glidh thertbedesikkdsed on

wei ght of car b_oa subj ected to the oxidation step, npre %eferabl y at | east
15 wei ght® peteightlossiakes Rlgsedtver pdsast hogrse morapreferably agteasitehourhan 40
wei ght percent of the

Where an inert atmosphere is required it may be supplied by nitrogen or an

inert gas.

15 As noted above, the loading levels of a combination of two metal catalysts
are generally referenced with the content of main catalyst metal and the weight
ratio of the combination. For instance, the weight ratio of Pt/Cu or Pd/Co is in the
range of about 0.1 to 2. Thus, when the weight ratio of Pt/Cu or Pd/Co is 0.1, the
amount of platinum or palladium can be 0.1 or 1 weight percent and thus 1 or 10

20  weight percent of copper or cobalt is present on the catalyst support. More
preferably, the weight ratio of Pt/Cu or Pd/Co is about 0.5, and thus the amount of
platinum or palladium on the catalyst support can be either 0.5 or 1 weight percent
and that of copper or cobalt is either one or two weight percent. More preferably,
the weight ratio of Pt/Cu or Pd/Co is one or 0.2. Thus the amount of platinum or

25  palladium on a support is 0.5, one or two weight percent and that of copper or
cobalt is also 0.5, one or two weight percent when the weight ratio is one.
Similarly, when a weight ratio of Pt/Cu or Pd/Co is 0.2, the amount of platinum or
palladium on the support can be 0.5 or one weight percent and of copper or cobalt
is either 2.5 or five weight percent.

30
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carbon subjected to the oxidation step, nore preferably not greater than 25

wei ght percent of the carbon. The rate of supply of oxidizing
agent i s woebsvabl4sy such that the desired 10wei ght | ossPCakisgomloages over at
| east 2 hours, nore preferably at |east 4 hours. Where an inert

at nosphere is required it may be supplied by nitrogen or an inert gas. 15As
not ed above, the loading |levels of a conbination of two netal catal ysts are
generally referenced with the content of main catal yst nmetal and the wei ght
rati o of the conbination. For instance, the weight ratio of Pt/Cu or Pd/Co
is in the range ofheadoount®f thitdometal inading ifpresent e aweppért isrmot ivoryof Pt/ Cu or
Pd/Co is 0.1,.the unt of platinum or ,palladium c be.Q..1 or wei ght
percent and ‘Eleféﬁi’e* lﬁﬁngﬁﬁépéﬁ?n‘baéy&ﬂfér?gec pﬁ?g}lta(grl“ée Ipfmiegtl resent on
the cat al ystappupP@ikightpérBent! &f et loadireF Ab8uTNvelght p&cit t6hbdud 6or Pd/ Co
is about 0.5, and thus the anount of platinumor palladiumon the catalyst

support can Weighi pdreant bagden the weighhot hersupprt iartidelarlyaireteogder or cobal t
is either5 one or two weight percent. More preferably, the weight ratio of
Pt/Cu or 'Pd/Co is one or 0.2. Thus the anobunt of platinumor 25 palladium

on a support is Ofﬁem@@ﬁirﬂﬁre%ﬁﬂio‘fﬁaﬁ%c@@feﬁ@ﬂtuﬁﬂ@aﬁﬁ@fth@h@@ﬁper or cobal t
is also 0.5, one or two weight percent when the weight ratio is ane.

Sinilarly, vnethods ineghgntt. dypicallpfbefare appisgngimahe suprorts arg graedagtd dAtC of

pl ati num or I ' . : , ' cent and
of copper or@o%%wg %ehw?%}ra%g%%?%% dlgtlﬁ \’9 ggﬁnelglg f ?{)ngrg C% Z ﬁtts\@tg%ﬁ A The
amount of t hinfd Qpticially dedsupgoits may &s erissal) ceusherbaal dieved toatdeviesdysiza i ti cal

in this invention and can_vary in th an of about 0.1 wei ght percent to
about 101tei GREICHEPR ADY oiAt‘ﬁm"am%%E?%O%ﬁa%aﬁuapm@fﬁflalﬁ ©ent to about
6 wei ght perg&entd 538 atduffutibi@aBl ehbiRkdt he support is particularly
preferred. 5 The netal 1 npregnation can be carried out using any of the
known nmethods in the art. Typically, before inpregnation the supports are
dried at 120C . )
For supports having low surface area, such as, for example, alpha-alumina,
the metal solutions are added in excess until complete wetness or excess liquid

15  impregnation so as to obtain desirable metal loadings.

As noted above, the hydrogenation catalysts used in the process of this
invention are at least bimetallic containing platinum/copper, palladium/cobalt and
so on. Generally, without intending to be bound by any theory, it is believed that

20  one metal acts as a promoter metal and another metal is the main metal. For
instance, in the instant process of the invention, of the above noted combinations
respectively platinum, palladium, and copper are considered as main metals for
preparing hydrogenation catalysts of this invention. The other metals, copper with
platinum, cobalt with palladium are considered to be the promoter metals

25  depending upon various reaction parameters including but not limited to catalyst
support employed, reaction temperature and pressure, etc. The catalysts may
include other promoter metals, such as tungsten, vanadium, molybdenum,

chromium or zinc.

30 The bimetallic catalysts are generally impregnated in two steps. Each

impregnation step is followed by drying and calcination. The bimetallic catalysts
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and shaped to particles having size distribution in the range of about 0.2
to 0.4 mm Optionally the supports nmay be pressed, crushed and sieved to a
desi red swoeoldidi4stri buti on. Any of the known net hods POTAlsa@e/0b4186 suppor t
materials into desired size distribution can be enployed. For supports

having | ow surface area, such as, for exanple, al pha-al um na, t he
netal solutions are added in excess until conplete wetness or excess liquid
15i npregnation so as to obtain desirable nmetal |oadings. As not ed

above, the hydrogenation catalysts used in the process of this invention
are at | eastmby aksd &k Iprapacdrityadorinmyeghagionn immostees, theahipreinatibe otagl t and so

on. Generall wi.t hout intendjng to be. bou by any.theary, it is. believed
Chat 20 one HeraitiedSitesing Heg! HifptedpRiians: FangVarBins oy spluble e nai n
netal . For iWA{cBUGEn clBinkiién fdlsk@ et RS alb behiBed NELApIOSof Ghet he above
not ed conbi nations respectively platinum palladium and copper are

consi der ed asvitghlermetaltsalts fdromppacoptaen mgludg drasgjenxalate metalthydsoxdide, of this
inventio The, ot her tals, copper .with platinu cobalt w th palladium
are consir%de_rgataf 8’_“@%’ Iﬁﬁgla %F@%fﬁﬁl%\”gl’get%d% eeﬁ@hnagg UPBR"VEr i ous reaction
paranet er s i iuptdifldlpBddaehedBYdiate) et abids CutR by pérrifeaRPaid sé10Rd ) ¥ad thd eacti on
tenperature and pressure, etc. The catal ysts may include other pronoter

netal s, suchli¥s tungsten, vanadi um mol ybdenum chronium or zinc. 30The
bimetallic catalysts are generally inpregnated in tw steps. Each

i npregnation step is followed by drying and cal cination. The binmetallic
catal ysts nmy al Shusie ope epmdbéichdny of this impemipmatheenis provid@bi cases, the

i npregnat i on yEy be carried out using nmetal nitrate sol utions. However,

various Bt helfydeagengtion caalyst wisrein t}iBFp‘gﬂ%alé(%HSé‘PPfé'f IsoH1Gaeyigha Bimgtallic i ons can

al so be useq - ui %g’gﬁi ; J R4 tion

i ncl ude net aPa‘gﬁgﬁgk@?‘“Qn@t@PQﬁf}Pﬁ b?(l? gﬁé ne@é?égl%ﬂ?g&?r}%e;lg? élggg? at e,
amoni um net @lhtimon degbostiGh vasglampeomentito dbept hmelighb dedcentrand aly hiading of et al
aci ds, such as Elie.rr eni.c_ aci g}tsol ution d t.hgt | i ke. Thus.in one

a
enbodi ment  ofOPPRY 'S 2PAYem MEHEN! PFEPY 1P EOYHO\ V8R! TPy IPSSHETAY: on cat al yst
wherein the dﬁaﬁﬁlmbpp%wmmg lePelSbf 14214 bI3/@s5 Rind® 90 Isi GeibREsti 2Rt 6

pl ati num and copper. In this aspect of the invention, the |oading of

pl ati nums s slieagandedsodbi ght percent to about 1 weight percent and the

| oadi ng of copper is about 2.5 wei ght percent to about 5 wei ght percent.
Specifically, platinuncopper |oading levels of 1/1, 1/5, 0.5/0.5, and

0.5/ 2.5 wei ght pemcgidtheeBmbodiment of this invention, there is further provided a
hydrogenation catalyst wherein the catalyst support is high purity low surface area
silica with a bimetallic loading of platinum and copper or palladium and cobalt.

20  In this aspect of the invention, the loading of platinum or palladium is about 0.5
weight percent to about 1 weight percent and the loading of copper or cobalt is
about 0.1 weight percent to about 5 weight percent. Specifically, platinum/copper
or palladium/cobalt loading levels of 1/1, 1/5, 0.5/0.5, and 0.5/2.5 weight percent
on high purity low surface area silica can be used. Other preferred supports in this

25  aspect of the invention include H-ZSM-5, graphitized carbon, zirconia, titania,

iron oxide, silica-alumina and calcium silicate.

In another embodiment of this invention, there is further provided a
hydrogenation catalyst wherein the bimetallic catalyst is copper and chromium
30  supported on silica, zirconia, graphitized carbon, H-ZSM-5, titania-silica and

zirconia-silica. In this aspect of the invention, the loading level of copper and

14



15silica can be used. I n anot her enbodi nent of this invention, there
is further provided a hydrogenation catal yst wherein the catal yst support

i s high paoizbw/diewssurface area silica with a binmetalli ecrasdioagoaie

pl ati num and copper or palladiumand cobalt. 20In this aspect of the
invention, the loading of platinumor palladiumis about 0.5 wei ght percent
to about 1 weight percent and the | oading of copper or cobalt is about 0.1
wei ght percent to about 5 weight percent. Specifically, platinunfcopper or
pal | adi um cobalt |oading |levels of 1/1, 1/5, 0.5/0.5, and 0.5/2.5 wei ght
percent on hilgbmpum istabobbiwsight pereemtrte absutl li0oweightrpebeenusaslt, O her preferred

supports in this.23aspect of the invention ipgclude HZSM S5, graphifized
car bon, 21 1 ORIty s mper/ BT IRIEE 167315 RS AU RECSHEAEL PR AORPST | 1 cat e.
I'n anot her efxpafiramaitided chafist ppbitiiOpretdcR@re is further provided a

hydr ogenati on catal yst wherei'n the binetallic catalyst is copper and
chrom um 30supported on silica, zirconia, graphitized carbon, H ZSM5,

titania-silica and zirconig:silica. . t.hi s aspect. of. the invention, the

| oadi ng Pevel of  RsBEr-gyIne Bl ehiPisamiE S elie AR st BREN & mbout 10
wei ght per ceginvedédito cBPRA Gbéthieal iy HAPRESS CiNeQBlediivitPRttng acerlia of 5

wei ght percent each on any of the aforenentioned catal yst support is

preferred. S3anerpdifevesy highyand meaydheaattl¢ase6@pereeiits Undgepretasred raewdione aci d can
| ectivel .Q. . t t i .
oot Vel gL SR 6] A g

selectivity n-gen | east 60
percent. Undgeatpr thhe B85 @€ 87 .63etdeanoifbfd prefefubly aceddletiaity df 08 peekmciri vel y

converted to ethy] acetate at a selectivity of greater than 85 or 87.5
percent tr rBPE- pMoskpisirably ethyl acstate sslegtivity ds atdeash dp PeIFEor 10nore. Most
preferably ethyl acetate selectivity is at |east 95 percent. The
conversion of acetic acid using the catalysts of this invention is at |east
20% and can be upThecof@epswint df aseticadid using theocagdlsts obibést iaventmn ik east 60%
f erabl % refer %
preferably 81ga§)t 385/10 arrrl%sctan%e%peto %B%yw?tg sglectivity to ethyl acetate at least 60%,
preferably 80% and most preferably 95%.
15
Generally, the active catalysts of the invention are the single metal or the
bimetallic catalysts as described herein. More specifically, a bimetallic catalyst
containing platinum and copper supported on silica with a platinum loading of 1
weight percent and copper loading of 5 weight percent is preferred. In accordance
20 with the practice of this invention, acetic acid can be converted using this catalyst
at conversions of around 70% with ethyl acetate selectivity of at least 80%, more

preferably selectivity to ethyl acetate of at least 90% can be achieved.

Similar conversions and selectivities are achieved using zirconia, graphite
25  or titania as a support and with loadings of platinum and copper of one weight
percent and five weight percent respectively. Other promoter metals can also be

used in conjunction with palladium or platinum as noted above.
In another aspect of this invention it is also possible to obtain high levels

30  of conversions in the order of at least 25% and high selectivity to ethyl acetate of

at least about 90% using palladium loading of one weight percent and cobalt

15



15 General ly, the active catalysts of the invention are the si

nmetal or the binetallic catalysts as described herein.

ngl e

More specifically,

a

bi et al | iwocatoaliysis cont ai ni ng pl ati num and copper supp®cTa$2am/o8iilBé ca with

a platinumloading of 1 weight percent and copper

percent is
i nventi on,

preferably

250r titania as a ort.and . with.loadings of platinu
wei ght per cehP® %{ﬁ’cfstﬁp‘g

preferred. In accordance 20 wth the practice of this

| oadi ng of 5 wei ght

acetic acid can be converted using this catal yst at conversions
of around 70% with ethyl acetate selectivity of at |east 80% nore
selectivity to ethyl acetate of at |east 90% can be achi eved.
Si m | ar convierdingof fize cvesghit ecmbmﬁddsé&cmd{wi&Mé\mcbamMsnglmortsom ﬁn,is graphite

SN Riheh Refesied oSt SPRROES yC RS ERPIEDt o r

of one

net al s

can al so be ys8sh, tibhnfdRirb6iah, iRdh MWild) sﬂﬁhlai’tﬂhhhg‘aﬁﬁ cBbRinl fueaies noted above.
aspect of this inventionit is also possible to obtain high

| n anot her

| evel s 30o0f converS|ons in the order of at |east 25% and hi gh sel ect

wei gt per cent. anh gt LRI brosr AT TR Ty B BRGNS oo or

H ZSM 5 as

C@Irﬂéd’@ﬁt a$ B PRSBErE just BufifRicht BSRREdon® the PeeskiéeRdp rossathder

preferred catalyst supports |nclude graphitized carbon, titania, zir

i ron oxide, @talylabed uni na and calciumsilicate. 5In anot her aspect of the

process of

10vari et
vapor phé%

15

20

25

30

ivity

coni a,

this invention, the hydrogenation is carried out at a pressure
just sufficient to overcome the pressure drop across the catalytic bed. The
reacti on may be c”alﬁer ieedid)uhaj' Be tireied apoin thE vapol bt tgaidatae undiera videi de

Reaction temperatures may be employed, for example in the range of about 200°C
to about 300°C, preferably about 225°C to about 275°C. The pressure is generally
uncritical to the reaction and subatmospheric, atmospheric or superatmospheric
pressures may be employed. In most cases, however, the pressure of the reaction
will be in the range of about 5 to 30 atmospheres absolute, most preferably the

pressure of reaction zone is in the range of about 8 to 20 atmospheres absolute.

Although the reaction consumes a mole of hydrogen per mole of acetic
acid to produce a mole of ethyl acetate, the actual molar ratio of acetic acid to
hydrogen in the feed stream may be varied between wide limits, e.g. from about
100:1 to 1:100. It is preferred however that such ratio be in the range of about
1:20 to 1:2. More preferably the molar ratio of acetic acid to hydrogen is about
1:5.

The raw materials used in connection with the process of this invention
may be derived from any suitable source including natural gas, petroleum, coal,
biomass and so forth. It is well known to produce acetic acid through methanol
carbonylation, acetaldehyde oxidation, ethylene oxidation, oxidative fermentation,
and anaerobic fermentation and so forth. As petroleum and natural gas have
become more expensive, methods for producing acetic acid and intermediates

such as methanol and carbon monoxide from alternate carbon sources have drawn

16

of condl s. Preferably, the reaction is carried out in the
g variety 0 con itions. Preferably, the reaction is carried out in the vapor phase.



Reaction tenperatures may be enpl oyed, for exanple in the range of about
200C to about 300C, preferably about 225C to about 275C. The pressure is
gener al | ywonerotibal to the reacti on and subat nospheri c pcatuso@ploesiB€ or
super at nospheric pressures nay be enployed. In nost cases, however, the
pressure of the reaction 15will be in the range of about 5 to 30

at nospheres absolute, nost preferably the pressure of reaction zone is in
the range of about 8 to 20 atnospheres absolute. Although the reaction
consunes a nol e of hydrogen per nole of acetic acid to produce a nol e of
et hyl acet at moretinterest tQfgpartimilarintestst & thé pedettiaon afticdtic aci@ Grony shmtlgesis i n t he
feed stream may be varied between wide |im.t e.g. from 100:1 to
17500 Tt s arE P B TR T ey Fuifebls Geinsoue. ALNGRAER about
1:20 to 1: 2. NYbg 23055 @' BlhNn, thedidBlbaire bR hRhAf irﬁ:%%dr&te@ﬁér@iﬁﬁy hydrogen is
about 1:5. 25The raw material's used in connection wth the process of this
i nvent i on mesgfdsencgefor exampledenchesa sgthoduifectsafitioga mechandl plgnher theal gas,
petrol eu coal i O s and.so,forth. .It is wel|l kno to produce acetic
et 0t hr cugrARtndhEotageBORE oY Skt a rpukipabo bR i s Bl e

oxi dation, oxkétadted &ith@TOBBhcthfi G for AMdwadtaaE 8l pldne hridmtitamyand so forth.
As petrol eum and nat ural ?as have 30 becone nore expensive, nethods for

produci ng acieficedaeilareeli¢hmpaedretilar egrtofidte wogans divested fiot ther bon
monoxi de fr 0 t%gﬁoqrsg]l?tthg i%gorog%ggégﬁlfe%stoP%éﬁag?tlro?\ﬁ%t to”%]i:gve'rr&(ﬁ Elﬁ%t . O

particular interest-is on o c acird Tromsynthesis gas
(syngas) t haliydi®genpehit@rare éen fusemogitydsiei deadd sid. albgdditianocetidackd, Pat ent
No. 6,232,352 to Vidalin, the disclosure of which is_ incorporated herein by
referencl, {Of PESesHRAIaB Asoherssd 1o wakebydragen whichis vilised i comntestipl  pl ant
for the SmangfiRreliv&effiofCetic acid. By retrofitting a methanol plant the

| arge capital costs associated with CO generation for a new acetic acid
plant are significantly reduced or largely elimnated. Al or part of the

syngas is divertegv“%r m t synthesis | oop and supplied to a
separator unit to clpc?&‘i‘:“rt I@%@%&@ K8 -cﬁlsgprgom%ﬁegggrglr{@' pr oduce
acetic aci d. refderRddbrovRIRs h ekt fof tRPrdductdn oS dMABEEY coVrGbis8f be used to
make hydrogen which is utilized in connection with this invention.
15 carbonaceous materials such as oil, coal, natural gas and biomass materials. The
process includes hydrogasification of solid and/or liquid carbonaceous materials
to obtain a process gas which is steam pyrolized with additional natural gas to
form synthesis gas. The syngas is converted to methanol which may be
carbonylated to acetic acid. The method likewise produces hydrogen which may
20  be used in connection with this invention as noted above. See also, U.S. Patent
No. 5,821,111 Grady et al., which discloses a process for converting waste

biomass through gasification into synthesis gas as well as U.S. Patent No.

6,685,754 Kindig et al., the disclosures of which are incorporated herein by

reference.
25
The acetic acid may be vaporized at the reaction temperature, and then it
can be fed along with hydrogen in undiluted state or diluted with a relatively inert
carrier gas, such as nitrogen, argon, helium, carbon dioxide and the like.
30 Alternatively, acetic acid in vapor form may be taken directly as crude

product from the flash vessel of a methanol carbonylation unit of the class

17



U S. Patent No. RE 35,377 Steinberg et al., also incorporated herein by
reference, provides a nethod for the production of nethanol by conversion
of 15car bwoacwousi4sat eri al s such as oil, coal, natural @gag/tsee9bIOR@SS
materials. The process includes hydrogasification of solid and/or |iquid
carbonaceous materials to obtain a process gas which is steam pyrolized
with additional natural gas to formsynthesis gas. The syngas is converted
to met hanol which may be carbonylated to acetic acid. The nethod |i kew se
produces hydrogen which may 20be used in connection with this invention as
not ed above. deSerbeall in dJnitdd StatEaPaent Nn 6,65 798, df Stas adyl.,ehadisclondre obh

di scl oses a ess for co vertln ste onass t hrou asification into
high P A

synt hesi s ga ICPrPeateq relpapty t he
di scl osures @fec Yl’g't&ﬁe%éfctﬂoﬂ%ﬁ&%ﬁh@ﬁre@&{t%\Fén%n WEihBLEME Beedfor The
acetic acid may be vaporized at the reaction tenperature, and then it can

be fed al ongcqmdcrttsntg/tlhc@g@m dend amdiighiteads et mtroving Witk sadngwovéralh rel ati vel y
inert carrier such as nitrogen, argon, helium carbon dioxide and the
li ke. 30 te‘?rﬂg FPVEICYSSacetic acid in vapor form may be taken directly as
crude product fromthe flash vessel of a nethanol carbonylation unit of the
class described in United States Patent No. 6,657,078 of Scales et al.,

t he discl osure ofCﬁmﬂa@h)rir@ldqmégflp@rcaﬂ@tﬁoh@r)ewmeby dpmx@ip@]wn spee crude

vapor product, R, et A 86ld Jcid QLR eastd o RoNGS 86 s, R esent

invention w aReed foF COnuShs ng aC| i'ght ends or

renpvi ng wat Bypical @untagt & rahge ﬁ@lﬁi@ﬁ@(&idﬁ@)f&@&é(ﬁmd to more tlﬁmry‘ea@hl Bdurs
residence tine can al so vary w dely, g(ﬁ)endl ng upon such vari abl es as
amount of0 acwhena gatalyst system q}a%r th%%lé‘?‘ bed srised arithy refemgdsea@str e, Typi cal

contact t et aRaRakON bl PAREHORGhs BeARRANLIG SREF160AARYCr &l hours

towhen a c ys$t system rothan a is'used, wth preferred
cont act

Typically, the catalyst is employed in a fixed bed reactor e.g. in the shape
of an elongated pipe or tube where the reactants, typically in the vapor form, are
15 passed over or through the catalyst. Other reactors, such as fluid or ebullient bed
reactors, can be employed, if desired. In some instances, it is advantageous to use
the hydrogenation catalysts in conjunction with an inert material to regulate the
pressure drop, flow, heat balance or other process parameters in the catalyst bed
including the contact time of the reactant compounds with the catalyst particles.
20
In one of the preferred embodiments there is also provided a process for
selective and direct formation of ethyl acetate from acetic acid comprising:
contacting a feed stream containing acetic acid and hydrogen at an elevated
temperature with a suitable hydrogenating catalyst containing about 0.5 weight
25  percent to about 1 weight percent of platinum or palladium and about 2.5 weight
percent to about 5 weight percent of copper or cobalt on a suitable catalyst
support. Preferred catalyst support in this embodiment of the invention is either
silica or H-ZSM-5.

30 In this embodiment of the process of this invention, the preferred

hydrogenation catalyst contains about one (1) weight percent platinum and about

18



times, at |east for vapor phase reactions, between about 0.5 and 100
seconds. Typically, the catalyst is enployed in a fixed bed reactor
e.g. in twe2etwapel46f an el ongated pi pe or tube where theCrascioEse
typically in the vapor form are 15passed over or through the catalyst.

O her reactors, such as fluid or ebullient bed reactors, can be enpl oyed,
if desired. In sone instances, it is advantageous to use the hydrogenation
catalysts in conjunction with an inert material to regulate the pressure
drop, flow, heat balance or other process paraneters in the catalyst bed

i ncl udi ng t hitve@nmaight perrentafoppéreorrabaut @et(1 ¥ wright persetipaladitve apdt al yst
particles. 2 n one of the eferr.ed odi mrents there is. al so

provi ded a p%&‘ég‘ge fgarweé%té’ff“ie{} cq&’l% f&??@%?mF@W&PF %ﬁhﬁf’r%ﬁﬁﬂfjtg‘éet ate from
acetic aci d gQamidnSt RGPrefeRBd Bak tHethyArd RAGIGH fRAMRE AL DD AFLLd bedaci d and
hydrogen at an el evated tenperaturée with a suitable hydrogenating catal yst
cont ai ni ng adnslithe eastigwrisgatriedzoysén theniapeophasousing afeddstteamenf aeetic asfid

pl ati num or |l adi um.and about 2.5 i ght, per.cent.to about 5 wejght
ercent ot ORHuARARIBHG DOGhFanke r Mo 20l Bha AuBmBrtante BT UF oo
cat al yst supfapé of dbouh2Z5°erthQdseaid &fa pré®uidBraBidtion ZofiesSntthefangt bf ca or
H ZSM 5. 30ln this enbodi nent of the process of this invention, the

preferred hyzhostB i amasaberpyahsobisniaa ke eaniast tioweofraactants ighm thser cent
pl ati num andmg?é)gfabog{ggoalg}?)lpwgé&??iper cent copper or about one (1) weight

percent pal | adrum an rve wei ght percent cobalt. In this
enbodi nent of the process of this invention it is preferred that the

hydr ogenati on catal ysts are layered in a fixed bed and the reaction is
carried But in t hEh&iohewingexaminles drgcrbs the @rasedwssiend far theinsengratipns ang

hydrogen in §heqapl @Jtal%é’t?%ﬁlgf?gg&agr?gfe ckafldsQuhiciPrdifdfy. at a tenperature in

t he range of about 225 nd at a pressure of reaction zones in the
range of about 8 to 20 at nospheres absolute, and the contact tine of
reactants isléi n thﬁhr ange of about 0.5 and 100 seconds. 10The fol |l owi ng
exanpl es des ¥ARIe fhe procedures used for the preparation of various

catal ysts enplepx@flon 8f 1 BRighX BERERDIMHUEDadd$ WR¥¥ht percent copper
15 on High Purity Low Surface Area Silica
Powdered and meshed high purity low surface area silica (94 g) of uniform

particle size distribution of about 0.2 mm was dried at 120°C in an oven under
nitrogen atmosphere overnight and then cooled to room temperature. To this was
added a solution of platinum nitrate (Chempur) (1.64 g) in distilled water (16 ml).

20  The resulting slurry was dried in an oven gradually heated to 110°C (>2 hours,
10°C/min). The impregnated catalyst mixture was then calcined at 500°C (6
hours, 1°C/min). To this calcined and cooled material was added a solution of
copper nitrate trihydrate (Alfa Aesar) (19 g) in distilled water (19 ml). The
resulting slurry was dried in an oven gradually heated to 110°C (>2 hours,

25 10°C/min). The impregnated catalyst mixture was then calcined at 500°C (6

hours, 1°C/min).

30
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Exanmple A Preparation of 1 weight percent platinumand 5 wei ght percent
copper 15on High Purity Low Surface Area Silica Powder ed and neshed
hi gh puriw9 2bovei1susf ace area silica (94 g) of uniform paCriusSk@9sd4e6

di stribution of about 0.2 mmwas dried at 120C in an oven under nitrogen

at nosphere overnight and then cooled to roomtenperature. To this was added
a solution of platinumnitrate (Chenpur) (1.64 g) in distilled water (16
mLl). 20The resulting slurry was dried in an oven gradually heated to 110C
(>2 hours, 10C/ mn). The inpregnated catal yst m xture was then cal ci ned at
500C (6 hourBxaniflé®i n). To this cal ci ned and cooled material was added a

solution of co ate trih dra esa (19 in distilled

water (19 mihre ﬂ%m}%é{m%pgrﬁ 1{%&@ RTINS mlmgrgh/ heat ed
to 110C (>2 M% $.0w SOk M A Sll'Elae i npregnat ed catal yst m xture was then
cal cined at 500C (6 hours, 1Cmn). 30 Exanple B Preparation of 1 weight

percent pal | adi urr?tandbr&Mthepén@emmydMISurfm drbagtilieni(I4tg) of onifeum f ace
Area Silica Powdered an ur|t face area si |ca(94 g)
o “tint 1 or'm SHRITF £178 SR astan Y PPt R ey g oGt S CiF sV fuder o L20c”)
an oven undeﬁltragémg@@p@rmh@mammmb&héd mohh@ﬂlp@ﬁ%red ToQhis QR
tenperature. To this was added a sol ution of (g’pal ladiumnitrate éHeraeus)

(2.17 g) in a#ided aisplagionaf ealla(dzan mityate (iheraeuss (4-17 apingdistilled water @eireld i n an
i xture vae THASRURE sy M ackgdn 2R ¥ B D sa T AP LEORET (el U
cool ed mat eri@C/mag. Efﬁélﬁdptagmédléatﬂ@st(lﬁlxture was then calcined at 500°C (6
10 hours, 1°C/min). To this calcined and cooled material was added a solution of
cobalt nitrate hexahydrate (24.7 g) in distilled water (25 ml). The resulting slurry
was dried in an oven gradually heated to 110°C (>2 hours, 10°C/min). The

impregnated catalyst mixture was then calcined at S00°C (6 hours, 1°C/min).

15 Example C
Preparation of 1 weight percent palladium and 5 weight percent cobalt on H-ZSM-5
The procedures of Example B were substantially repeated except for

utilizing H-ZSM-5 as the catalyst support.

20 Example D
Preparation of 5 weight percent copper and 5 weight percent chromium on High
Purity Low Surface Area Silica

Powdered and meshed high purity low surface area silica (90 g) of uniform

particle size distribution of about 0.2 mm was dried at 120°C in an oven under

25  nitrogen atmosphere overnight and then cooled to room temperature. To this was
added a solution of copper nitrate trihydrate (Alfa Aesar) (19 g) in distilled water
(19 ml). The resulting slurry was dried in an oven gradually heated to 110°C (>2
hours, 10°C/min). The impregnated catalyst mixture was then calcined at 500°C
(6 hours, 1°C/min). To this calcined and cooled material was added a solution of

30  chromium nitrate nonahydrate (Alfa Aesar) (32.5 g) in distilled water (65 ml).

The resulting slurry was dried in an oven gradually heated to 110°C (>2 hours,

20



cobalt nitrate hexahydrate (24.7 g) in distilled water (25 ml). The
resulting slurry was dried in an oven gradually heated to 110C (>2 hours,
10C/ m n) .woheloompr4egnat ed cat al yst m xture was then cal ecmas2ew/0608C (6
hours, 1C/mn). 15 Exanple C Preparation of 1 weight percent palladium and
5 wei ght percent cobalt on HZSM5 The procedures of Exanple B were
substantially repeated except for utilizing HZSM5 as the catal yst

support. 20 Exanple D Preparation of 5 weight percent copper and 5 wei ght
percent chrom umon H gh Purity Low Surface Area Silica Powlered and neshed
high purity 103®/mimr)f Iheimpxegnaﬁéd cataly§ta0ixg)re o¥as timinf catainquicat SO0 (651 ze

di stributi 02 aI mmwas dried at 120C in an oven under 25 nitrogen
at nosphere hi Q&J ‘8}1d then cooled to roomtenperature. To this was added
a solution of copper nitrate trihydrate (Alfa Aesar) (19 g) in distilled
water (19 ml). The resulting slurry was dried in an oven gradually heated
to 110C (>2 laumple E10C/ nin). The inpregnated cat al yst m xture was then

cal cined at 500C (.6 n ed materi al

has added o BEPRISNOLT Watsbh et VAP PHoTEY ffifk Aiecd AR FREsar) (3. 5

g) in distil]&edswehes Atdsinta - The resul ti ng slurry was dried in an oven
gradual 'y heated to 110C (>2 hours, 10C nin). The i rrg%l«g%at ed cat al yst
S1

m xture was t hen E@Nﬁr%@mhme%d@lglﬁplmm new SI.U@Qﬂ am;a |8 o ugiform
Preparation rce | yvbdenum 6 n h Purity
ride ¢ ArRElRRETan0R F RECHR SRERE BN T A ol

Low Surface HEShé pur| ty ce area

silica (95 galtregenmmfo@;mar@awmfghemﬁi thén doslbd tcbmbrroﬂamp‘éra&heutro(ih@ wWER Was
dried at 120C in an oven under nitrogen_ atnosphere overni ght and then
cool ed t ro¥lded asplatigr of anmpyiym jhepiggelybdate hexahydrate (Sigma) (9.5 g) in

distilled water (63 ml). The resulting slurry was dried in an oven gradually heated
to 110°C (>2 hours, 10°C/min). The impregnated catalyst mixture was then
calcined at 500°C (6 hours, 1°C/min). This results in molybdenum oxide on silica.
It was then treated in a flow of methane at 500°C to afford the titled catalyst.
15
Example F
Preparation of 1 weight percent platinum and 5 weight percent molybdenum on
titania
Powdered and meshed titania (94 g) of uniform particle size distribution of
20  about 0.2 mm was dried at 120°C in an oven under nitrogen atmosphere overnight
and then cooled to room temperature. To this was added a solution of platinum
nitrate (Chempur) (1.64 g) in distilled water (16 ml). The resulting slurry was
dried in an oven gradually heated to 110°C (>2 hours, 10°C/min). The
impregnated catalyst mixture was then calcined at 500°C (6 hours, 1°C/min). To
25  this calcined and cooled material was added a solution of ammonium
heptamolybdate hexahydrate (Sigma) (9.5 g) in distilled water (63 ml). The
resulting slurry was dried in an oven gradually heated to 110°C (>2 hours,
10°C/min). The impregnated catalyst mixture was then calcined at 500°C (6
hours, 1°C/min).
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10 added a solution of anmoni um hept anol ybdat e hexahydrate (Sigma) (9.5 Q)
in distilled water (63 nml). The resulting slurry was dried in an oven

gr adual | ywbeatoad4t46 110C (>2 hours, 10C/ min). The i npreg@oatusdoooabay st

m xture was then calcined at 500C (6 hours, 1C/ mn). This results in

nmol ybdenum oxi de on silica. It was then treated in a flow of nethane at
500C to afford the titled catalyst. 15 Exanple F Preparation of 1 weight
percent platinumand 5 wei ght percent nol ybdenum on titania Powdered and
meshed titania (94 g) of uniformparticle size distribution of 20 about 0.2
mm was dri edEstmpdl2@C i n an oven under nitrogen atnosphere overnight and

then cooled o roomt erature. To this . e sol ut.i on of platinum
nitrate (Che B?r?tl?llf’gﬂe"ﬁ)g tﬂerﬁ?’gtﬂaflla@&“\/\f\éﬁvagfg dq gﬁ%’w éflﬁtacfeg‘srﬁ?ti ng slurry
was dried ingggaoven gradually heated to 110C (>2 hours, 10C/ min). The

i npregnated catal yst m xture was then cal cined at 500C (6 hours, 1C/ mn).
To 25 this cal ci nBewdered embimeshedditigh paditydew saxfaescarea sibrai(99q) offunomoni um

hept anol ybdat e .hexahydr at e. ( Si .5 in €i i ~ed wat er 3 m). The
oottt e s AT sze i eiohept SRR nip s afed o LA G B e, e .
10¢ m n) . Theitropdd ﬁﬁ%%v(lﬁé‘i’e 6drAlghtind1ihgh b Sled@S rdofitRniRtfhree doahisC (6
hours, 1 Cmn). 30 Exanple G Preparation of 1 weight percent palladiumon
H gh Purity & gsplutien of\paliad|irn ingtzate (Heraeus) (2.17 g) in distilled water (22 ml).

The resulting slurry was dried in an oven gradually heated to 110°C (>2 hours,

10°C/min). The impregnated catalyst mixture was then calcined at 500°C (6

10 hours, 1°C/min).

Example H
Preparation of 1 weight percent palladium and 5 weight percent molybdenum on
H-ZSM-5

15 The procedures of Example A were substantially repeated except for
utilizing a solution of palladium nitrate (Heraeus) (2.17 g) in distilled water (22
ml), a solution of ammonium heptamolybdate hexahydrate (Sigma) (9.5 g) in
distilled water (65 ml) and 94 grams of H-ZSM-5. The catalyst was sequentially
impregnated first with molybdenum and then with palladium.

20
Example I
Preparation of 1 weight percent nickel and 5 weight percent molybdenum on
carbon

The procedures of Example A were substantially repeated except for

25  utilizing a solution of nickel nitrate hexahydrate (Alfa Aesar) (4.96 g) in distilled
water (5 ml), a solution of ammonium heptamolybdate hexahydrate (Sigma) (9.5
g) in distilled water (65 ml) and 94 grams of carbon. The catalyst was

sequentially impregnated first with molybdenum and then with nickel.

30
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Powder ed and neshed high purity |low surface area silica (99 g) of uniform
Sparticle size distribution of about 0 2 nmwas dried at 120C i n an oven
under ni twogen/asrssphere overni ght and then cool ed to Poorust@9petrias ure. To
this was added a solution of palladiumnitrate (Heraeus) (2.17 g) in
distilled water (22 ml). The resulting slurry was dried in an oven

gradual ly heated to 110C (>2 hours, 10C/ mn). The inpregnated catal yst

m xture was then cal cined at 500C (6 10hours, 1C/ mn). Exanple H
Preparation of 1 weight percent palladiumand 5 wei ght percent nol ybdenum
on H ZSM 5 1Exdmneplpd ocedures of Exanple A were substantially repeated except
for utiIiziAgltg a solution o% gallad' umnitrate, (Heraeus) (2.17 g) in
distilled rgparption ¢ff ) weight pergent platipumon iianiam hept anol ybdat e hexahydr at e

(Sigma) (9.5 9) iThehrdbddur@bWBlagipld gav&k)su@éi‘eglti%ﬂy gfp;%d%&céﬂ'tw 5. The

catal yst was sequentially inpregnated first wth nol'ybdenumand then with
pal | adi um 20ilEZuegpsadutionryfgpatinam oirats (Ghempughil .69ez)dedistiled kater §1td 5 wei ght
per cent rgol yb enagpon carpbon The procedures of Exanple A were substantially
r epeat ed JexcdBpEf or M P #9M8y a sol ution of nickel nitrate hexahydrate
(Alfa Aesar) (4.96 g) indistilled water (5 m), a solution of amonium
hept anol ybdat e hexahydrate (Sigm) (9.5 g) in distilled water (65 nl) and
94 grans of kxammeK The catal yst was sequentially inpregnated first with

ol ybdenum a@rgpz;[‘rgt?@n (\)Af; { Qveﬂg'hg lﬁeerlce':nt palladium and 5 weight percent rhenium on titania
The procedures of Example A were substantially repeated except for
10 utilizing a solution of palladium nitrate (Heraeus) (2.17 g) in distilled water (22
ml), a solution of perrhenic acid (7 g) in distilled water (14 ml) and 94 grams of
titania. The catalyst was sequentially impregnated first with rhenium and then

with palladium.

15 Example L
Preparation of 1 weight percent platinum and 5 weight percent molybdenum on
carbon
The procedures of Example F were substantially repeated except for
utilizing 94 grams of carbon.
20
Example M
Preparation of 1 weight percent palladium and 5 weight percent zirconium on
silica
The procedures of Example A were substantially repeated except for
25  utilizing a solution of palladium nitrate (Heraeus) (2.17 g) in distilled water (22
ml), a solution of zirconium nitfate pentahydrate (23.5 g) in distilled water (100
ml) and 94 grams of silica. The catalyst was sequentially impregnated first with

zirconium and then with palladium.

30
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30 Exanmple J Preparation of 1 weight percent platinumon titania

The procedures of Exanple A were substantially repeated except for

utilizi ngva2ew/utisen of platinumnitrate (Chenpur) (1. 62CE)useenoaass! | ed
water (16 5m ) and 99 grans of titania. Exanple K Preparation of 1 weight
percent palladiumand 5 wei ght percent rheniumon titania The procedures of
Exanpl e A were substantially repeated except for lo utilizing a solution of
palladiumnitrate (Heraeus) (2.17 g) in distilled water (22 nl), a solution
of perrhenic acid (7 g) in distilled water (14 m) and 94 grans of titania.
The cat al yst Emaaple@fuentially inpregnated first with rheniumand then with

pal | adium 15 Exanpl e Preparation of 1 Lght percent platinumand 5
hai gnt | por coPEPABRPBAB hiER PErBgHatmum and§ deigtt SEHERoPBr S aRBRe. F wer e

substantial l'y repggl gRhcBnGEPSS ERImpIE IA WeilenUb&dniH B TBpdteddcbtitor 20 Exanpl e
M Preparation of 1 weight percent palladiumand 5 wei ght percent zirconium

on silica Thetiliziog84gragss afftitéianpl e A were substantially repeated except
for s

Example O

Preparation of 1 weight percent nickel and 5 weight percent rhenium on titania

The procedures of Example A were substantially repeated except for
utilizing a solution of nickel nitrate hexahydrate (Alfa Aesar) (4.96 g) in distilled
10 water (5 ml), a solution of perrhenic acid (7 g) in distilled water (14 ml) and 94
grams of titania. The catalyst was sequentially impregnated first with rhenium

and then with nickel.

Example P
15 Preparation of 1 weight percent platinum and 5 weight percent molybdenum on
silica
The procedures of Example F were substantially repeated except for

utilizing 94 grams of silica.

20  Example Q
Preparation of 1 weight percent palladium and 5 weight percent molybdenum on
silica |
The procedures of Example H were substantially repeated except for
utilizing 94 grams of silica.
25
Example R
Preparation of 5 weight percent copper and 5 weight percent zirconium on silica
The procedures of Example A were substantially repeated except for
utilizing a solution of copper nitrate trihydrate (Alfa Aesar) (19 g) in distilled

30  water (19 ml), a solution of zirconium nitrate pentahydrate (23.5 g) in distilled
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25 utilizing a solution of palladiumnitrate (Heraeus) (2.17 g) in
distilled water (22 m), a solution of zirconiumnitrate pentahydrate (23.5
g) in di swol2bmdiwaser (100 ml) and 94 grans of silica. Phe/usaQloyss6 was
sequentially inpregnated first with zirconiumand then with palladium 30
Exanpl e N Preparation of 1 weight percent platinumand 5 wei ght percent
copper on titania The procedures of Exanple A were substantially repeated
except for utilizing 94 grans of titania. 5 Exanple O Preparation of 1

wei ght percent nickel and 5 wei ght percent rheniumon titania The
procedur es oWatBx@dfpInel) And\e4 gramsbfisilital dlhecatabyseane seqreniagly ipregnaiddi zi ng a
sol ution of ickeil nitrat& hexagﬁldrate Alfa Aesar) (4.96 g) in distilled
0 water (5 nifpt Wih copRer AR thsp WL FFeOMWaci d (7 g) in distilled water (14
m) and 94 grans of titania. The catal yst was sequentially inpregnated
first wwth rheniumand then with nickel. Exanple P 15 Preparation of 1

wei ght per cefas @hramiategraphel(GOwiaysis pfghe Bridugtsl ybdenum on silica

Tre, PLocaies O RN & AFhRARURT SR BRSSO o con
pal | adi um aruhaﬁnmbﬂx?hctr@c eqilpp AW GRB fiahRNosizAtichadetector (FIT)ghdoX ocedur es
of Exanple H were substantially repeated except for utilizing 94 grans of
silica. thermal conducting detectors (TCDs) was used to analyze the reactants and
products. The front channel was equipped with an FID and a CP-Sil 5 (20 m) +
WaxFFap (5 m) column and was used to quantify:
10
Acetaldehyde
Ethanol
Acetone
Methyl acetate
15 Vinyl acetate
Ethyl acetate
Acetic acid
Ethylene glycol diacetate
Ethylene glycol
20 Ethylidene diacetate

Paraldehyde

The middle channel was equipped with a TCD and Porabond Q column
and was used to quantify:
25
CO;
Ethylene
Ethane

30
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25 Exanple R Preparation of 5 weight percent copper and 5 wei ght percent
zirconiumon silica The procedures of Exanple A were substantially
repeat ed wReepmrolfis utilizing a solution of copper nitraCe/useeloposiase (Al fa
Aesar) (19 g) in distilled 30water (19 m), a solution of zirconiumnitrate
pent ahydrate (23.5 g) in distilled water (100 m) and 94 granms of silica.
The catal yst was sequentially inpregnated first with copper and then with
zirconium Gas Chromatographic (GC) analysis of the Products 5The anal ysis
of the products was carried out by online GC. A three channel conpact CC
equi pped wi t h oneTlid kavk chamiel sk equipgpedewitba TAD Bid Mudsigve i colmmcardduct i ng
detectors (TCDs s used to anal yze the reactants and products. The front
channel was %ﬁﬁsﬁﬁg%q%nf‘ ‘an FID and a CP-Sil 5 (20 m) + WaxFFap (5 m)
colum and was used to quantify: 10 Acetal dehyde Ethanol Acetone Mt hyl

acetate .
Helium

5 Hydrogen
Nitrogen
Methane

Carbon monoxide

10 Prior to reactions, the retention time of the different components was
determined by spiking with ihdividual compounds and the GCs were calibrated
either with a calibration gas of known composition or with liquid solutions of
known compositions. This allowed the determination of the response factors for

the various components.

15
Example 1
The catalyst utilized was 1 weight percent platinum and 5 weight percent
copper on silica prepared in accordance with the procedure of Example A.
20 In a tubular reactor made of stainless steel, having an internal diameter of

30 mm and capable of being raised to a controlled temperature, there are arranged
50 ml of 1 weight percent platinum and 5 weight percent copper on silica. The
length of the catalyst bed after charging was approximately about 70 mm. Prior to
the reaction the catalyst was reduced in situ by heating at a rate of 2°C/min to a

25  final temperature of 400°C. Then, 5 mol% hydrogen in nitrogen was introduced to
the catalyst chamber at a gas hourly space velocity (GHSV) of 7500 h™'. After
reduction, the catalyst was cooled to reaction temperature of 275°C by continuing
the gas flow of 5 mol% hydrogen in nitrogen. Once the reaction temperature was
stabilized at 275°C the hydrogenation of acetic acid was begun as follows.

30
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15Vinyl acetate Ethyl acetate Acetic acid Ethylene glycol diacetate

Et hyl ene gl ycol 20Ethylidene di acetate Paral dehyde The m ddl e
channel wa® 2eguipréd with a TCD and Porabond Q col unmm amdTwEss0eesé o
quantify: CO2 Ethyl ene Ethane The back channel was equi pped with a

TCD and Mol si eve 5A colum and was used to quantify: Helium 5 Hydrogen
Ni trogen Met hane Carbon nonoxi de 10Prior to reactions, the retention tine
of the different conponents was determ ned by spiking with individual
conpounds and the GCs were calibrated

A feed liquid was comprised essentially of acetic acid. The reaction feed

liquid was evaporated and charged to the reactor along with hydrogen and helium
as a carrier gas with an average combined gas hourly space velocity (GHSV) of
about 1250 hr™! at a temperature of about 275°C and pressure of 15 bar. The

5  resulting feed stream contained a mole percent of acetic acid from about 4.4% to
about 13.8% and the mole percent of hydrogen from about 14% to about 77%. A
portion of the vapor effluent was passed through a gas chromatograph for analysis
of the contents of the effluents. The selectivity to ethyl acetate was 88.5% at a

conversion of acetic acid of 37%.

10
Example 2
The catalyst utilized was 1 weight percent palladium and 5 weight percent
cobalt on silica prepared in accordance with the procedure of Example B.
15 The procedure as set forth in Example 1 was substantially repeated with an

average combined gas hourly space velocity (GHSV) of 2,500 hr”' of the feed
stream of the vaporized acetic acid and hydrogen (H to acetic acid mole ratio of
5) at a temperature of 250°C and pressure of 8 bar. A portion of the vapor effluent
is passed through a gas chromatograph for analysis of the contents of the effluents.

20  The acetic acid conversion was 26% and ethyl acetate selectivity was 91%.

Example 3
The catalyst utilized was 1 weight percent palladium and 5 weight percent
cobalt on H-ZSM-5 prepared in accordance with the procedure of Example C.
25
The procedure as set forth in Example 1 was substantially repeated with an
average combined gas hourly space velocity (GHSV) of 2,500 hr!' of the feed
stream of the vaporized acetic acid and hydrogen (H, to acetic acid mole ratio of
5) at a temperature of 250°C and pressure of 15 bar. A portion of the vapor
30  effluent is passed through a gas chromatograph for analysis of the contents of the
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either with a calibration gas of known conposition or with liquid solutions
of known conpositions. This allowed the determ nation of the response
factors fwo 20tee1vlsSi ous conponents. 15 Exanple 1 Phe/usatoaloyaBse
utilized was 1 wei ght percent platinumand 5 wei ght percent copper on
silica prepared in accordance with the procedure of Exanple A 20In a

tubul ar reactor nmade of stainless steel, having an internal dianeter of 30
nm and capabl e of being raised to a controlled tenperature, there are
arranged 50 m of 1 weight percent platinumand 5 weight percent copper on
silica. The dffingith The &detic aatdadopsersivadvaafliBes amhethygli avgtaveselapipitpxwasat el y
about 70 mm ﬁrior to the reaction the catalyst was reduced in situ by
heati ng at ’Y4te of 2Cnmin to a 25fi nal tenperature of 400C. Then, 5 nol %
hydrogen in nitrogen was introduced to the catal yst chanber at a gas hourly
space velocity (GHSV) of 750011" 1. After reduction, the catal yst was

cool ed to relxcmpeadt enperature of 275C by continuing the gas flow of 5 nol %

hydr ogen i n nitrogen. ce t.he,reaction tenperature was, stabilized at 275C
the hydrodgenat i o_(r?ﬁb caéaghﬁtiuél_thé%q Wa%;é’v BRCER H@F’ﬁ‘b‘%@dsiw_e‘ght perceny f eed
liquid was coibarion ¢H 7888 Wréptréd/intdccav@fideSwille tHe: prd@ufestatiaptplé eed | i qui d

was evaporated and charged to the reactor along wth hydrogen and helium as
a carrier gas with an average conbi ned gas hourly space velocity (CGHSV) of

about 1250 hr-1 at er at ur f. about ,275C an ressure of, 15 bar. The
nEbERRAE B T Pl (X SO ETY Yoty i

S5resulting feed str ONt a1 he ercen il about

4.4% t 0 aboudvelaye@Ymbirdtdas homllespee veltitp (GHEY) 09€0,000 arrl ebmutfecid % t 0
about 77% A portion of the vapor effluent was passed through a gas

chr omat olff aprepBrofdbgyapsriged pcativacidanddrydeogsn (Hnto agetip geidimole rafio of
Sl 2oL YLy B S g SR Sy PRI O P L ©
pal | adi um and passagklgbtglpe passiiromatogtdphdor aial ystsoofithe paitetls bfitheefbuahaice wit h
the pr Ocedurfheogcegé( gg{g Icgn\I/Be'rsion was 6% and ethyl acetate selectivity was 96%. The
other products formed were ethane (1.8%) and ethanol (0.3%).
15
Example 5
The catalyst utilized was 1 weight percent palladium and 5 weight percent
molybdenum on H-ZSM-5 prepared in accordance with the procedure of Example
H.
20
The procedure as set forth in Example 1 was substantially repeated with an
average combined gas hourly space velocity (GHSV) of 2,500 hr' of the feed
stream of the vaporized acetic acid and hydrogen (H; to acetic acid mole ratio of
5) at a temperature of 250°C and pressure of 15 bar. A portion of the vapor
25  effluent is passed through a gas chromatograph for analysis of the contents of the

effluents. The acetic acid conversion was 18% and ethyl acetate selectivity was

93%. The other products formed were ethane (4.3%) and ethanol (0.2%).

30
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15The procedure as set forth in Exanple 1 was substantially repeated with

an average conbi ned gas hourly space velocity (01-1SV) of 2,500 hr.'

of the

feed streasm2ofo/tiasvapori zed acetic acid and hydrogen (Pcrarscavmeass c acid

nole ratio of 5) at a tenperature of 250C and pressure of 8 bar.
I s passed through a gas chromat ograph for anal ysis of
20 The acetic acid conversion was 26% and
Exanpl e 3 The catalyst utilized was 1

of the vapor effluent
the contents of the effluents.
ethyl acetate selectivity was 91%

A portion

wei ght percent palladiumand 5 wei ght percent cobalt on HZSM5 prepared in
accor dance wExdmplhé procedure of Exanple C. 25 The procedure as set forth

I n EX le 1 b t al | t conbi ned gas hourly
IsBacea\r/rgl gci t\;/va? Ga tlélt%’(%d nge?grﬁé)efcgggmg?%j ﬁ]%g"f'elg MPeEBbr i zed
acetic aci d aafbaysli®8sRabbR Eé})a?e@eihla@c&ﬂh&e'mﬂﬁth'é%d)&dﬁhfe ol)Ex@inpe 1.

tenperature of 250C and pressure of 15 bar. A portion of the vapor

30ef f |l uent

I s passed through a gas chromat ograph for anaIyS|s of the

contents pf t he

acetate selectlwﬁéb\g'%&%gg/a ﬂﬁ%? g-%ﬁﬂglgggw?&ml %%%%%ﬁgdleagyght

percent pal IMagmoaﬁﬂmﬁadvgasgbﬁrlpgﬁabe%lo@np@GHsm 0H2$$Mh5 Bfﬂiér’féétﬁ in

accordance with the procedure of Exanpl e

10

15

20

25

30

stream of the vaporized acetic acid and hydrogen (H; to acetic acid mole ratio of
5) at a temperature of 250°C and pressure of 15 bar. A portion of the vapor
effluent is passed through a gas chromatograph for analysis of the contents of the
effluents. The acetic acid conversion was 6% and ethyl acetate selectivity was

88%. The other products formed were ethane (3.3%) and ethanol (4.9%).

Example 7
The catalyst utilized was 1 weight percent platinum on titania prepared in

accordance with the procedure of Example J.

The procedure as set forth in Example 1 is substantially repeated with an

average combined gas hourly space velocity (GHSV) of 2,500 hr”! of the feed

stream of the vaporized acetic acid and hydrogen (H, to acetic acid mole ratio of

5) at a temperature of 250°C and pressure of 15 bar. A portion of the vapor
effluent is passed through a gas chromatograph for analysis of the contents of the
effluents. The acetic acid conversion was 41% and ethyl acetate selectivity was

88%. The other products formed were ethane (4.8%) and methane (1.7%).

Example 8
The catalyst utilized was the same catalyst used in Example 7 which was

reused in this Example 8.
The procedure as set forth in Example 1 is substantially repeated with an

average combined gas hourly space velocity (GHSV) of 2,500 hr’! of the feed

stream of the vaporized acetic acid and hydrogen (H; to acetic acid mole ratio of
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The procedure as set forth in Exanple 1 was substantially repeated with an
aver age conbi ned gas hourly space velocity (GHSV) of 10,000 VI of the feed
10st r eamwb 20tvivapori zed acetic acid and hydrogen (H2 toTaSetmwoo4ass d nol e
ratio of 5) at a tenperature of 250C and pressure of 1 bar. A portion of
the vapor effluent is passed through a gas chromat ograph for anal ysis of
the contents of the effluents. The acetic acid conversion was 6% and et hyl
acetate selectivity was 96% The other products fornmed were ethane (1.8%
and et hanol (0.3% . 15 Exanple 5 The catal yst utilized was 1 wei ght
per cent pal | Sdatartemperatirevef 210°Cpad peessunewif b dan ufmportidh A3M Sagprepar ed i n

d ith th d f le H.20 Th d t forth
T Beanpl o 1eMEhS pESas Tradh A pesRoaBEosioPh oA sR e ARt s hour |y
space vel oCi ¢fflubhtiSYhe fetié aeRcdhversRin W&ﬁl‘:‘j’/@ﬁﬂcll Sthiy EAIRt 40 séléét‘?iv\ét?ﬁgisi zed

acetic acid and hydrogen (H2 to acetic acid nole ratio of 5)

t enper at ur e 871%29beE ottred ppordusts formest wars ethane (Ao end imsthaoé (1.A%)vapor

25ef f | uenst i s passed through a gas chromatograph for analysis of the
contents of the effluents. The acetic acid conversion was 18% and et hyl
acet at e sel egkarMpleyw was 93% The ot her products formed were ethane (4.3%
and ethanol (0.2%. 30 Exanple 6 . The catalyst utilized was 1 wei ght
percent nickel andhscatalysfitilized wend wightngessohpaladiun bahS preeghd pergenin

accor dance. Vil ALAREIUEEFTy BXAIAE: bn M SoBLRREIHE Cuffe BT FOrEh T

Exanple 1 is su a epea

10 The procedure as set forth in Example 1 is substantially repeated with an
average combined gas hourly space velocity (GHSV) of 2,500 hr'' of the feed
stream of the vaporized acetic acid and hydrogen (H; to acetic acid mole ratio of
5) at a temperature of 250°C and pressure of 15 bar. A portion of the vapor
effluent is passed through a gas chromatograph for analysis of the contents of the

15 effluents. The acetic acid conversion was 61% and ethyl acetate selectivity was

87%. The other products formed were ethanol (11%) and acetaldehyde (1.3%).

Example 10A
The catalyst utilized was 1 weight percent platinum and 5 weight percent

20  molybdenum on carbon prepared in accordance with the procedure of Example L.

The procedure as set forth in Example 1 is substantially repeated with an
average combined gas hourly space velocity (GHSV) of 2,500 hr' of the feed
stream of the vaporized acetic acid and hydrogen (H, to acetic acid mole ratio of

25 5)at a temperature of 250°C and pressure of 15 bar. A portion of the vapor
effluent is passed through a gas chromatograph for analysis of the contents of the
effluents. The acetic acid conversion was 15% and ethyl acetate selectivity was

85%. The other products formed were ethane (7.1%) and ethanol (5.2%).

30
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aver age conbi ned gas hourly space velocity (GHSV) of 2,500 hr-1 of the feed
stream of the vaporized acetic acid and hydrogen (H2 to acetic acid nole
rati o of 8P 2ato/m@4t4e@nper at ure of 250C and pressure of 15PbaruS2009p0t18é on of

t he vapor effluent is passed through a gas chromat ograph for anal ysis of
the contents of the 10effluents. The acetic acid conversion was 6% and
ethyl acetate selectivity was 88% The ot her products fornmed were ethane
(3.3% and ethanol (4.9%. Exanple 7 The catal yst utilized was 1
wei ght percent platinumon titania prepared in 15 accordance with the
procedure of ExsuaplplleB). The procedure as set forth in Exanple 1 is

substantially repeated w.th. .an, average .conbi ned s _hou space velocity
(Gv) of 2, 500" PR el atigay Vs | SHie PeRa R BERm 2 beiEPEerd ana
hydrogen (HZzitdnA&ebh §ili%§¥)9:pﬁiéh€inh@édr@a&fz wifitthe plocRdbirR P EampleaMof 250C and
pressure of 15 bar. A portion of the vapor effluent is passed through a gas

chromat ograph for analysis of the contents of the effluents. The acetic

SR ey 1 L L R N
The cat al ystawtdgeicagbindsgat heudpspace atRkis (GHS®Y of D, SBeMIPbEthé fud ch was
reused in this Exa The procedure as set forth in Exanple 1

le 8.

i s subst ant | $1Rp quﬁ@imizm peptigrct yelipees dhpimaestigasidivelergticphce

velocity ( \Qta%r?'g_agt(ﬁpe &fzs%@fan&?gfswﬁ%f%%S@%%%nmeof*{ﬁ@%ﬂo%ed acetic
nole ratio o

acid and hydriogen to acetic ac
effluent is passed through a gas chromatograph for analysis of the contents of the

10 effluents. The acetic acid conversion was 8.3% and ethyl acetate selectivity was

84%. The other products formed were methane (7.9%) and ethane (1%).

Example 10C
The catalyst utilized was 1 weight percent platinum and 5 weight percent

15  copper on titania prepared in accordance with the procedure of Example N.

The procedure as set forth in Example 1 is substantially repeated with an
average combined gas hourly space velocity (GHSV) of 2,500 hr’! of the feed
stream of the vaporized acetic acid and hydrogen (H; to acetic acid mole ratio of

20 35) at a temperature of 250°C and pressure of 15 bar. A portion of the vapor
effluent is passed through a gas chromatograph for analysis of the contents of the
effluents. The acetic acid conversion was 10% and ethyl acetate selectivity was

84%. The other products formed were acetone (8.4%) and acetaldehyde (7.1%).

25  Example 10D
The catalyst utilized was 1 weight percent nickel and 5 weight percent

rhenium on titania prepared in accordance with the procedure of Example O.
The procedure as set forth in Example 1 is substantially repeated with an

30  average combined gas hourly space velocity (GHSV) of 2,500 hr™' of the feed

stream of the vaporized acetic acid and hydrogen (H, to acetic acid mole ratio of
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5) at a tenperature of 250C and pressure of 15 bar. A portion of the vapor
effluent is passed through a gas chronmatograph for analysis of the contents
of the efWwbuerwm414Fhe acetic acid conversi on was 41% an@&Cetusgéomcasat e
selectivity was 87% The other products forned were ethane (5% and net hane
(1.7%. 5 Exanple 9 The catalyst utilized was 1 wei ght percent palladium
and 5 wei ght percent rheniumon titania prepared in accordance wth the
procedure of Exanple K 10The procedure as set forth in Exanple 1 is
substantially repeated with an average conbi ned gas hourly space velocity
(GHSV) of Z,Smammperﬁturw»f 248d asd pesurefof il hdan ap poitmecdbfabevaporaci d and

hydr ogen (H2 cetl C id nole ratio of 5 rature of 50C and
pressure of f)‘g&tﬂ?‘lﬁl? %§a5¢ o%g%r[apléqua&gw lslngel'ﬁfa tsﬁgh a gas
chr omat ogr apé’fﬂfl&[ts amﬁé ¥&elti® a6fd doRGerSRRVRARLI%. Bh ahliethlP&adddt @&Eé{m 1Tlfwasac etic
acid conversion was 61% and et hyl acetate selectivity was 87% The ot her

products for$dd e ether headurts farmed werd eél@@@hﬂlﬁé‘%mld(elh@%@y&xarrpl e 10A
The catalyst utilized was 1 wei ght percent platinumand 5 wei ght percent 20
nol ybdenum on carbon prepared in accordance with the procedure of Exanple
L. The Pxoesldu0E as set forth in Exanple 1 is substantially repeated
with an average caonbi ned gas hourly space velocity (GHSV) of 2,500 hi?'" of
the feed stream ofhg legp@ﬂlﬂ%ﬂaaxé&eilght@éﬁén%mélﬂwﬁ@fbéﬁ\’e(lg.htpzrqeot acetic

acid mol e r Blbaénu%?§% F]?ltcgﬁ Eﬂéﬂ%% éﬁ’%xﬁ E’ﬁt e%Po%eHﬁr%so?‘ﬁ 3’ e P> bar. A

portion of the-vapor e passe CHr ol raph for
anal ysis of the contents of the effl uents. The acetl c acid conversion was

15% and et hyl acetate se|lectivity was 85% The ot her E)roducts formed were
et hane (170 1% and & Pref ur?gs@/(fortlg@l Example 1 is substantially repeated with an

average combined gas hourly space velocity (GHSV) of 2,500 hr™! of the feed
stream of the vaporized acetic acid and hydrogen (H, to acetic acid mole ratio of
5) at a temperature of 250°C and pressure of 15 bar. A portion of the vapor
effluent is passed through a gas chromatograph for analysis of the contents of the
15 effluents. The acetic acid conversion was 14.3% and ethyl acetate selectivity was

82.4%. The other products formed were ethane (6.6%) and ethanol (5.7%).

Example 10F
The catalyst utilized was 1 weight percent palladium and 5 weight percent

20  molybdenum on silica prepared in accordance with the procedure of Example Q.

The procedure as set forth in Example 1 is substantially repeated with an
average combined gas hourly space velocity (GHSV) of 2,500 hr!' of the feed
stream of the vaporized acetic acid and hydrogen (H; to acetic acid mole ratio of

25 5) at a temperature of 250°C and pressure of 15 bar. A portion of the vapor
effluent is passed through a gas chromatograph for analysis of the contents of the
effluents. The acetic acid conversion was 9.8% and ethyl acetate selectivity was

82%. The other products formed were ethanol (8.3%) and ethane (3.5%).
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Exanpl e 10B The catal yst utilized was 1 wei ght percent palladi um and
5 wei ght percent zirconiumon silica prepared in accordance wth the
procedur evof2otfxampbe M 5The procedure as set forth in Bxargsk@9oDoiise
substantially repeated with an average conbi ned gas hourly space velocity
(GHSV) of 2,500 W of the feed streamof the vaporized acetic acid and
hydrogen (1-12 to acetic acid nole ratio of 5) at a tenperature of 250C and
pressure of 15 bar. A portion of the vapor effluent is passed through a gas
chromat ograph for analysis of the contents of the 10effluents. The acetic
acid conver sExamplad08. 3% and et hyl acetate selectivity was 84% The ot her

products forned e t hane. . 9% and et hane (19. anple 10C
The catal yst uti Yfﬁ%@%%t uﬁ'\%é‘?&’ﬁ&ﬂ%ﬁ‘é@ﬁmﬁf‘%‘fq Ré?ﬁ@%wslgﬂép"dﬁ?mper cent
15copper on iikéo%Nn@oREﬁi@@E%afe@ iAQEQIraAHRE Gvit tht P}J&dmwﬂ%@aﬁ. Exanpl e N,

The procedure as set forth in Exanple 1 is substantially repeated with an

aver age conbi ned gas hourly space velocity (GHSV) of 2,500 hr-1 of the feed

t f_th i zed ti i.d and hyd H tic.acid nol
Tt o of 208) ar b BRRRRES b S S EORRaRC PR S betial w84 R %0r 11 on o
the vapor ef{JenRicombintdsas Holilly SpHEB valogs (GRSYYREQF0BRR' bPhedtal ysi s of

the contents of the effluents. The acetic acid conversion was 10% and et hyl
acet at e sel egtean efythevsapogized acmiie agidand lpidoeiso (bl torgetid apidrmolacationl (8. 4%

and acet al de dz 0.%]252 e 10D T alyst..utidjzed was 1 wei ght
percent ni ck |aq§ rt]é rv{\%lreg 5@?%@% [presgure olf'?S %grt A)f)ortlon otJ thé vapor
effluent is passed through a gas chromatograph for analysis of the contents of the
10 effluents. The acetic acid conversion was 2.2% and ethyl acetate selectivity was

81.4%. The other products formed were ethane (3.3%) and acetaldehyde (10%).

Example 10H
The catalyst utilized was 5 weight percent copper and 5 weight percent

15 chromium on silica prepared in accordance with the procedure of Example D.

The procedure as set forth in Example 1 is substantially repeated with an
average combined gas hourly space velocity (GHSV) of 2,500 hr™' of the feed
stream of the vaporized acetic acid and hydrogen at a temperature of 250°C and

20  pressure of 15 bar. A portion of the vapor effluent is passed through a gas
chromatograph for analysis of the contents of the effluents. The acetic acid

conversion is 25% and ethyl acetate selectivity is about 75%.

Example 101
25 The catalyst utilized was 5 weight percent Molybdenum Carbide (MoC;)
on High Purity Low Surface Area Silica prepared in accordance with the

procedure of Example E.
The procedure as set forth in Example 1 is substantially repeated with an

30 average combined gas hourly space velocity (GHSV) of 2,500 hr' of the feed

stream of the vaporized acetic acid and hydrogen at a temperature of 250°C and
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rheniumon titania prepared in accordance with the procedure of Exanple O.
The procedure as set forth in Exanple 1 is substantially repeated with an
30 aver ageocompiimed gas hourly space velocity (CGHSV) of pegraAGGooaneiisef the
feed stream of the vaporized acetic acid and hydrogen (H2 to acetic acid
nole ratio of 5) at a tenperature of 250C and pressure of 15 bar. A
portion of the vapor effluent is passed through a gas chronmat ograph for

anal ysis of the contents of the effluents. The acetic acid conversion was
16. 2% and et hyl acetate selectivity was 83% The other products fornmed were

et hanol (10.4% and ethane (2% . 5 Exanple 10E The catal yst utilized
was 1 wei ght percen ati num and 5 wei ght percent | ybdenum on silica
prepared in %&Wﬁaﬁb‘gi’% thPerHan of QEeWPéef@Pe@%§ﬁﬁ?sgg PIrouginhgaspr ocedure as

set forth in ' i t | e conbi ned
gas hourly s%lgégmygﬁ gl’lf?imfa%w}g%@éﬁté%%%gﬁ% %ﬂu%%h{%;a g?%@%m of the
vapori zed acednversam id 2&%dardyelhydgeetateH2lecoviae st15¢0.acid nole ratio of 5) at a
tenperature of 250C and pressure of 15 bar. A portion of the vapor effluent
IS passedsthrough a gas chromatograph for analysis of the contents of the
15ef fl uent s. gf&igpi@a@yi ¢ acid conversion was 14. 3% and et hyl acetate

sel ectivity was I§2.4% The ot her products fornmed were ethane (6.6% and

et hanol (5.79% . EXhepitalystofilized was 1 weighfiperasat platisum and Siweghtpescent wei ght

percent pall adj and 5 wei.ght per.cent 20 nol num on si l.i.ca ared in
accor dance wmph%?ﬁ%u‘%PB&%%E%BWB%GE%&%‘P@ aee WiRIRE pip&e WS&’EEﬁ?‘BB% ‘set
forth in Exanple 1 is substantially repeated with an average conbi ned gas

hourly space velocity (GHSV) of 2,500 hr-1 of the feed streamof the
vapori ze¥ acetic 4B¢ Brogedire peises derth (-Bxamaplad ds pubstantiallnapeated Wit af  255) at

a tenperatur f\fe%ge%%gl%ir?eradgag 5ty 'éfacg fvel]()%ity %HS&’) %?I’ZE 09 rflrmfof Eh%efeé/da por

stream of the vaporized acetic acid and hydrogen at a temperature of 250°C and
pressure of 15 bar. A portion of the vapor effluent is passed through a gas
chromatograph for analysis of the contents of the effluents. The acetic acid

15 conversion is about 50% and ethyl acetate selectivity is 85%.

Example 10K

The catalyst utilized was 1 weight percent palladium on silica prepared in

accordance with the procedure of Example G.
20 '

The procedure as set forth in Example 1 is substantially repeated with an
average combined gas hourly space velocity (GHSV) of 2,500 hr’! of the feed
stream of the vaporized acetic acid and hydrogen at a temperature of 250°C and
pressure of 15 bar. A portion of the vapor effluent is passed through a gas

25  chromatograph for analysis of the contents of the effluents. The acetic acid

conversion is about 65% and ethyl acetate selectivity is 85%.

While the invention has been illustrated in connection with particular
examples, modifications to these examples within the spirit and scope of the
30  invention will be readily apparent to those of skill in the art. In view of the

foregoing discussion, relevant knowledge in the art and references discussed
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effluent is passed through a gas chromatograph for analysis of the contents
of the effluents. The acetic acid conversion was 9.8% and et hyl acetate

sel ectiviwg 20890182% The ot her products forned were ethaooluse®9odddisand
ethane (3.5%. 30 Exanple 100 The catal yst utilized was 5 wei ght
percent copper and 5 wei ght percent zirconiumon silica prepared in
accordance with the procedure of Exanple R 5The procedure as set forth in
Exanple 1 is substantially repeated with an average conbi ned gas hourly
space velocity (GHSV) of 2,500 hfl of the feed stream of the vaporized
acetic aci d awde liry dorogetior( with 2he Backgedund aad iDttaitelddDesatiptiomtthes) at a
tenperature of 250C .pressyre of 15 bar.. A portion of the vapor .effluent
i s passed t hTiSEigHIes %2@"@%?’&?3( GG RpIRIGdper HZS’VJ%{CE:“GF’ @ﬁ@erc%ﬁfr 18 13f t he
10ef fl uent s. gk damabiecsargi d conversion was 2. 2% and ethyl acetate
selectivity was 81.4% The other products fornmed were ethane (3.3% and

acet al dehyde (10% . Exanple 10H The catal yst utilized was 5
wei ght percent copper and 5 wei ght percent 15 chromiumon silica prepared
in accordance with the procedure of Exanple D. The procedure as set

forth in Exanple 1 is substantially repeated with an average conbi ned gas
hourly space velocity (GHSV) of 2,5001111 of the feed stream of the

vapori zed acetic acid and hydrogen at a tenperature of 250C and 20
pressure of 15 bar. A portion of the vapor effluent is passed through a gas
chromat ograph for analysis of the contents of the effluents. The acetic
acid conversion is 25% and ethyl acetate selectivity is about 75% Exanple
101 25The catalyst utilized was 5 wei ght percent Ml ybdenum Carbi de (MC2)
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on Hgh Purity Low Surface Area Silica prepared in accordance with

t he. procedure of Exanple E. The procedure as set forth in
Exanple 1 is substantially repeated with an 30 average conbi ned gas
hourly space velocity (GHSV) of 2,500 VI of the feed stream of the
vapori zed acetic acid and hydrogen at a tenperature of 250C and
pressure of 15 bar A portion of the vapor effluent is passed through

a gas &Plir‘oma ph for analysis of the contents of the effluents.
The acetid’® 6‘°hver5| on is 25% and ethyl acetate selectivity is
75% 5 Exanple 10J The catalyst utilized was 1 wei ght percent

pl ati num and 5 V\Blpéht percent nol ybdenumon titania prepared in
accor déné@rwesmfm eqhive eedidirest EFmBEsiempl ethyt acstT remprcsieehid eorapyisite:

A D S B R
t he vappelam@bra@eta af aboutd tanblodtpdraagesphats a)sblemenlah tydrogdna?hd&taAnd
B S g o Lo P PSP Bl S ork e e P
The acghd falﬁﬁiuql HRICR 48T o?ie%tél%el@&@&’hog’xcbépﬁé}Qn@EMht s@ '@H%n a catalyst

sel ectivi 5% Exanpl e catalyst utilized was

wei ght smqoziénltectpétﬁbamhg moan cgmmﬁtma OﬁHe%»We‘i:l siliga,sadwwine.siire-akinina,tdaksium
proced f The procedure as set forth in

Exanpl € glh?at?scalsu de”%ﬂ y repeated with an average conbi ned gas

hourly space velocity (GHSV) of 2,500 hfl of the feed stream of the
vapori zed acetic amcﬁnand dro en aﬁq@a t enper at ure,_of 250C and

h
. pr essurel irPraepsgageor %)‘iﬁ?rcllql exeifbth SHBISTSEPPUERSICE: passed t hr ough
a gas

3. The process according to claim 1, wherein the catalyst support is H-ZSM-3.,
4. The process according to claim 1, wherein the catalyst support is carbon.
5. The process according to claim 4, wherein the catalyst support is graphite.

6. The process according to claim 5, wherein the catalyst support is high surface area graphitized

carbon having a BET surface area of at least 100 m.sup.2/g.

7. The process according to claim 1, wherein the hydrogenating catalyst consists essentially of

platinum and copper at a Pt/Cu weight ratio in the range of about 0.1 to 1.

8. The process according to claim 7, wherein the loading of platinum is about 0.5 weight percent
and the loading of copper is about 2.5 weight percent and the catalyst support is silica, graphite,

or silica-alumina.
9. The process according to claim 7, wherein the loading of platinum is about 1 weight percent

and the loading of copper is about 5 weight percent and the catalyst support is silica, graphite, or

silica-alumina.
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25chr omat ograph for analysis of the contents of the effluents. The
acetic acid conversion is about 65% and ethyl acetate selectivity is
85% While the invention has been illustrated in connection with
particul ar exanples, nodifications to these exanples within the
spirit and scope of the 30invention will be readily apparent to those
of skill in the art. In view of the foregoing discussion, relevant
know edge in the art and references di scussed above in connection
with the Background and Detailed Description, the disclosures of

whi ch gper r#l obdi§ URBRLAS f%ctlﬁﬁrle'v\ﬁﬁl eR¥n &g‘h?&%g&ﬁtmé &gtﬁlgﬁ o §és's£}ﬁ1*aﬁ§l of
i s deened unnecessary cl alrnme cess

sel ect ipeldadaund anid .ccdxait at o Pofilo weiginfratat imthe moge @ﬁeéaoﬁirﬁalmab etic aci d
conprising: contacting a feed stream contai ning acetic acid and
hydrogen at an el evated tenpei ature at an operating pressure of about

5 to ahouthe3RodsiRERRRACS AMOIOUHWBerdint the &)aﬂmdbpﬁﬁmm&m abadtal wakht
consisting essentially of at | east one net al ected fromthe group

consi sPpisgniend freciReding pi epbplt israbarP yalshirfress anddhacatilzy sepnoras Hed Y-S,

sel ect p alt supported on a catal yst support
selectgg'% ﬂ$1%69§?g%gﬂ%%%§|stlng of HHZSM 5, silica, alum na,

silica-alumna, calciumsilicate, carbon, and nlxtures 2. The
s silica,

proces cordin | aj ein th cata ort

AR Pl S LY oS i R M e R A
H-ZSN@5mwuﬂmdﬁhﬁ1@ﬁpag§§c@@cord|ng to claim1l, mhereln t he catal yst
support is carbon. 5. The process according to claim4, wherein the

catal yst support is graphite. 6. The process according to claimS5,

wher ei Ry tgg 1p<} §#¥c%51d§ﬁéotg%ﬁ ml1S “}[ﬂa%th ag8%9%@3Eoég?,gfa@ametbgge%n%@étpcoa%id

havi ng 'a ace area o east
consumed is greater than 85 pe1cent

14, The process according to claim 1, wherein the selectivity to ethyl acetate based on acetic acid

consumed is 87.5 percent or greater.

15. The process according to claim 1, wherein the selectivity to ethyl acetate based on acetic acid

consumed is 90 percent or greater.

16. The process according to claim 1, wherein the hydrogenation to ethyl acetate is carried out in

the vapor phase and at a temperature in the range of about 200.degree. C. to 300.degree. C.

17. The process according to claim 16, wherein the hydrogenation to ethyl acetate is carried out

in the vapor phase and at a temperature in the range of about 225.degree. C. to 275.degree. C.
18. The process according to claim 16, wherein said feed stream contains an inert carrier gas.
19. The process according to claim 16, wherein the reactants consist of acetic acid and hydrogen

with a molar ratio in the range of about 100:1 to 1:100, the temperature of the reaction zone is in

the range of about 200.degree. C. to 300.degree. C., and the pressure of the reaction zone is in
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7. The process according to claim1, wherein the hydrogenating

catal yst consists essentially of platinumand copper at a Pt/ Cu
weight ratio in the range of about 0.1 to 1. 8. The process
according to claim7, wherein the |oading of platinumis about 0.5
wei ght percent and the | oading of copper is about 2.5 wei ght percent
and the catal yst support is silica, graphite, or silica-alumna. 9.
The process according to claim?7, erein the | oading of platinumis
about ihfi/\i@P%?fc"%@Wée {2 oAOTnhEres Glﬁ\é\T]% of copper is about 5 weight
percent and the catal yst support is silica, graphite, or

silica-al um na. 10. The process according to claim11, wherein the
hydr ogéfatheygoesst adopulingormiint ¥, wheremtthatdagtant comist aflicene and andlipalregen

at a Pd/. wej ght. ratio_in the r f, abqut 0.1 tq..l. 1. The. .
o oces Sitkca PP Hbiop Hetatdk drgfo 3090 112, B Wbnirchey S sspitnrdi o dn e
about lanRioghboupelsestireai td 175 degrei D.gaef the phadre bthakattonSzoneidhthe
percent and the catal yst support is HZSM5, silica, graphite, or

si | i catanegmf Akput 81920 Fimosphgesedeoldiecording to claim 1, wherein the
selectivity to ethyl acetate based on acetic acid consunmed is at

| east 60 percent. 13. The process according to claim1l, wherein the
sel ect i2Vi Ayprdcessdohsdlective bad dirdsaberatom cedtyl ecetate Gomonstimaeit ¢anmyiseat er
t han 85 percent 4. The process according to clai,m wherej n the
el oct POREYIEG farditem Rt e SO S i el of B PR S e g
per cenophatify Braésefe of fildm 51480 RhREFRFesab i vAM 4 18/dédgehdfink catdiBf @nBisting
the selectivity to ethyl acetate based on acetic acid consuned is 90

per cenessspigyedpheut 0.5 8eightpergsbiosboutdowe el nserenioiplaingmpr paladiwep gnd
t he hygdr t] Ve t i [ [ hase
and ot o R B R Rkl o BB oD i g bab i 4pp6 o8

300. dedioeethe @oupL@nsisking oqh tbEENSS, adreraimipas tlickddminiGalome sidicate t dagbon,
hydr ogenati.on tq et Ifnyl acetate is carried out in the vapor phase and
at a té?r%@rpé lﬁﬁgwfer? the range of about 225.degree. C. to 275. degr ee.
C. 18. The process according to claim16, wherein said feed stream
contains an inert carrier gas. . 19. The prqcess according to claim

o sThsse

16, whéfellif RAEsT eesetdant 'S indpeeatalyH SHRPOF TP PHYBHDE 2 h a
mol ar [ &lgh 1bve] bPhohBRee 19 e BOMcchPShdlcdoPerlt 2 0didehEvel SFRRLALW @) Of

1
the reaction zone is in 2e range of abou? 200. degree. C to
300. degreesht p@cent andithelvetapyseswpneisgilicche reaction zone is in the
range of about 5 to 25 at nospheres absol ute.

23. The process according to claim 21, wherein the catalyst support contains palladium at a
loading level of about one (1) weight percent and cobalt at a loading level of about five (5)

weight percent and the catalyst support is silica or H-ZSM-5.

24. The process according to claim 21, wherein the reactants consist of acetic acid and hydrogen
with a molar ratio in the range of about 1:20 to 1:5, the temperature of the reaction zone is in the
range of about 225.degree. C. to 275.degree. C., and the pressure of the reaction zone is are in

the range of about & to 20 atmospheres absolute.

25. The process according to claim 1, wherein the contact time between the feed stream and said

catalyst is less than 100 seconds.
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20. The process according to claim 16, wherein the reactants consi st
of acetic acid and hydrogen with a nolar ratio in the range of about
1:20 to 1:2, the tenperature of the reaction zone is in the range of
about 225.degree. C. to 275.degree. C., and the pressure of the
reaction zone is in the range of about 8 to 20 at nospheres absol ute.
21. A process for selective and direct formation of ethyl acetate
fromacetic acid conprising: contacting a feed stream containi ng
acet i ¢ 28cTer piAershyseriBRoRlaimm!, srherri bE seehpyel spencaclocity al &p dsedtsirprn in
pressur : l,ute with a hydrogenating
Cata|y§§m§§ﬁ§?§%?§ﬁﬁ%§§3%?%§Pﬁggﬁ?ﬁ§6%8§96;5 wei ght percent to about
1 weight percent of platinumor palladiumand 2.5 weight percent to

about i ght percenf. of capper .or.cobalt on a catal yst suppor
cel ect 38 TOPIRBE OB Lora, Mgt SRogevay T fify st ileigilRat Sov

silica-alumna, calciumsilicate, carbon, and m xtures thereof. 22.
The process according to claim?2l, wherein the catalyst support

cont ai AS. Phearperghpeeerding wardaingl, waowsin e selprdivity ghethyliaretpisiigbitlegsedYent
and copper at a |l oading |level of about five (5) weight percent and
the catal yst support is silica. 23. The process according to claim
21, whepeThe frbeescadcatdiisg toilgipal, twheeitt @tk sdequiaith adetyh aattar i$ srdekisngy.5%.

| evel of about one (1) weight percent and cobalt at a | oading |evel

of about five (5) weight percent and the catal yst support is silica
or H- Z3lyhhe prédhss dR8rdHLOISmASC GAER T We EQeGhval | dltyl 008184 &t 1Ed3E00%.
reactants consi st of acetic acid and hydrogen"wth a nolar ratio in
the range of about 1:20 to 1:5, the tenperature of the reaction zone
isin 225, de : ; deqr.e . n

pressurs B TG iesBRH oSS UhERIn e oA AR BR300 I8

at nospheres absolute. 25. The process according to claim1l, wherein
the co t time between the feed stream and. said catalyst is |

han_ 106 LisFRESs aScoBEE o SBEETLEE PTTFIPTAE SV LPSHAS SahiErs R o
gas howd ¥lesatao LlyPadeidfe Rfattdag dsgpd streamin contact with said
catalyst is greater than 2500 hr.sup.-1. 27. The process according
to claim1, wherein the selectivity to ethyl acetate is at |east 60%
28. Th L6l | ah-m_1, it | Vi 0
cthyl S2oPRIESRPRESIAIND iyl RhBloh BOEHEl D U BERERA Kk o B0 ape
wher ei thetsakectietyac eibwl boetdtoiset fepbt 88kt ate is at | east 87.5% 30. The
process according to claim1l, wherein the selectivity to ethyl
acetate is at least 90% 31. The process according to claim1,

wher ei B41hR pr&deesddeiding tbRlMhny whaeht tBé Eorversitin JrRBsA alale is aBRast DU% and
process according to claim1l, wherein the conversion of ethyl acetate
i s at Messlectrotyiagthyl pretaleisaétaagiffVe.-t o et hyl acetate is at |east 95%
33. The process according to claim1, wherein the conversion of ethyl
acetate is at |east 20% and the selectivity to ethyl acetate is at

| east 889%he pddeessldveoydingrie siladc whelieinght presduad inldss than @b eitmosdphares absolute.
conversion of ethyl acetate is at |east 20% and the selectivity to
ethyl acetate is at | east 60%

36. A process for selective and direct formation of ethyl acetate from acetic acid comprising:
contacting a feed stream containing acetic acid and hydrogen at an elevated temperature at an
operating pressure of from 5 to 30 atmospheres absolute with a hydrogenating catalyst consisting
essentially of platinum and tin on a support selected from the group consisting of H-ZSM-3,

silica, alumina, silica-alumina, calcium silicate, carbon, and mixtures thereof.

37. A process for selective and direct formation of ethyl acetate from acetic acid comprising:
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35. The process according to claim1, wherein the pressure is |ess

t han 25 atnospheres absolute. 36. A process for selective and direct
forination of ethyl acetate fromacetic acid conprising: contacting a
feed stream containing acetic acid and hydrogen at an el evat ed
tenperature at an operating pressure of fromb5 to 30 at nospheres
absolute with a hydrogenating catal yst consisting essentially of

plati numand tin on a support selected fromthe group consisting of
H- ZSM sontastingddeedstirdirtontaining acetiapeiffiepdhydageai A sieratehicaipegardyimn
and m ' . : a1 eTox f l.eat . [

f or mat :6%%1%@?5 %?%&Feo(gcfg{ngtg & ?9 om acet ?Scéggc():llﬁ% “Eglrép%%%é?%g?tm%%ﬁa‘thggti ng a
feed stoeaimngqhdtanuni agl tacat a ttaarisdicansdpdoytdr ogen at an el evat ed
tenperature at an operating pressure of fromb5 to 30 at nospheres
absolute with a hydrogenating catal yst containing platinumand tin on
a titangari grb&ds 84EBRIAG to cladB 3 7] WBeRIOE 8 SéntAE GAk YeRebch theCled Medrhiand
wherein the contact tine between the feed stream and said catalyst is
| ess t Beid catalysisis despthen 108eccomire process according to cl ai m 37,
wherein the gas hourly space velocity of the feed streamin contact
with said catalyst is greater than 2500 hr.sup.-1. 40. The process
accor dBpgrieqrodeas mcdlingoediard 7t heieil the gasvotisly tpnce vhlptitaefahafeed biscaat
| east 60% 41, Th grgcess.acc%rdi rgg EJE) cl g\i m 37, wherein the

sel ect i’lll?ocnfﬂcfﬁ’ltgtsﬂglc@yéf’étgéeaf% w0 ZPUA8ESUBsdy, 42 The process
according to claim 37, wherein the selectivity to ethyl acetate is at
| east 87.5% 43. The process according to claim 37, wherein the

sel ect Qi The nrecces #ppprdirgetosiadm iy, ‘é{bclﬁ@de sab@oyity ipsethytisectpte doa deast 60%.
according to claim 37, wherein the selectivity to ethyl acetate is at
| east 95% 45. The process according to claim37, wherein the

conver ¢l drheghoesdydcoaited atctrims 7atvhéremshe &0 1aunygltol dileyl sedtatetd atildayt §504.
ethyl acetate is at |east 60% 46. The process according to claim
37, wherein the conversion of ethyl acetate is at |east 20% and t he
sel ect iy iTHé frée8d Abrddebd BmisT, FhereRARd se¥RUnity thlothyIREetRE ACH Ihst 87.5%.
according to claim 37, wherein the conversion of ethyl acetate is at
| east 20% and the selectivity to ethyl acetate is at | east 95%

43. The process according to claim 37, wherein the selectivity to ethyl acetate is at least 90%.
44. The process according to claim 37, wherein the selectivity to ethyl acetate is at least 95%.

45. The process according to claim 37, wherein the conversion of ethyl acetate is at least 20%

and the selectivity to ethyl acetate is at least 60%.

46. The process according to claim 37, wherein the conversion of ethyl acetate is at least 20%

and the selectivity to ethyl acetate is at least 80%.

47. The process according to claim 37, wherein the conversion of ethyl acetate is at least 20%

and the selectivity to ethyl acetate is at least 95%.

48. The process according to claim 37, wherein the pressure is less than 25 atmospheres

absolute.
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48. The process according to claim 37, wherein the pressure is |ess

t han 25 at nospheres absol ute. 49. The process according to claim
37, wherein the reactants consist of acetic acid and hydrogen with a
nolar ratio in the range of about 100:1 to 1:100, the tenperature of
the reaction zone is in the range of about 200.degree. C to

300. degree. C., and the pressure of the reaction zone is in the range
of about 5 to 25 atnobspheres absolute. 50. The process according to
claim 37, wherein the reactants consist of acetic acid and hydrogen

W th a,50harbakd SdbRiidd!® AR, %eﬁapﬂg& rehctafts t:ghg%s't 8f adellE adi® TR RH YA

of the reaction zone is in the range of about 225.degree. C. to
275. degiithen m@lar ragindn tHeeangead sbows 100: 1ttdé: 108.4be feoperabme of dergrctirezanangie

f aboyt 8 t t h lLute. ~ 51, ,A f el ecti.
ond” o Heapnd<iale R AFREE 1S L0 £rofo SEBFSSEEE gleinsin Efie &
cont actidigng JfeBeutst thodmaenhalnhrghaset i ¢ acid and hydrogen at an

el evated tenperature with a hydrogenati ng catal yst chosen from a
bimetal |l i ¢ conbi nati on of nickel/nol ybdenum (Ni /M),

pal | adi ) - . O i . MD): i
e T L e S T S
cat al ystithizsnalabiatie atheirangeefbbaat i20rto 612, thewengdrstupparitienteagainlzaok isim the
al—fgSﬁ/l- Vs\eg]lgg f(l)}. a O%E ng?glegrlrgel. g.)%e%tgegljée. . g/ﬁcﬁ(ljl/e gl'e\é\gul'g%tl\{ﬁg resaléltrlj nozrotng 95 i(r)1 the

range of about 8 to 20 atmospheres absolute.

51. A process for selective and direct formation of ethyl acetate from acetic acid comprising:
contacting a feed stream containing acetic acid and hydrogen at an elevated temperature with a
hydrogenating catalyst chosen from a bimetallic combination of nickel/molybdenum (Ni/Mo),

palladium/molybdenum (Pd/Mo) or platinunmy/molybdenum (Pt/Mo) supported on H-ZSM-5.

52. The process according to claim 51, wherein said catalyst is a bimetallic combination of |
weight percent palladium and 5 weight percent molybdenum (1 wt % Pd/5 wt % Mo) supported
on H-ZSM-5.
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