DI RECT AND SELECTI VE PRODUCTI ON OF ETHYL ACETATE FROM ACETI C ACI D UTI LI ZI NG
A BI METAL SUPPORTED CATALYST Claimfor Priority This application is based
upon Uni two 28toatiestsPat ent Application Serial No. 12/221pe@ais2dmloedsdul y 31,
2008, of the same title, the priority of which is hereby clainmed and the

di scl osure of which is incorporated herein by reference. Field of the

I nvention The present invention relates generally to a process for the
production of ethyl acetate fromacetic acid. Mdre specifically, the
present invention relates to a process i ncl udi ng hydrogenating acetic acid

utilizing a c&Bl ONny d : ﬁﬂﬂ@N(blFEf{WLaﬂFﬂTA@EFRﬂMh as for
exanple, platin ' [ a suitable
cat al yst suppor?&yngggéﬁﬁgj%gataﬂ} “U & §8§ﬁé£&§§£ﬁ%§%§ﬁ£§£drogenating

netals to formethyl acetate with high select|V|ty. Background There is a
long felt need for an econom cally viable process to convert acetic acid to
ethyl acetate. Ethyl acetate is an inportant commodity feedstock for a

vari ety %f Hgdusgrhal Eroducts and is also used as an industrial solvent in

t he manufact us chem cals. For instance, ethyl acetate can

readily be convertiggagglicatibry |ssagedoipsnibiesd Stogs PhtehpAgplwaaskseﬁam@cess
whi ch can then be converted to a variety of other cts. Eth acetate

i s conventi dR&dA209s Glpddaly 31, 3RP$.cafdbe mm}méh@rmtwfwhmnaaﬁebm are
becom ng Mor & %ﬁf[eg%ji 't}%fmgclos 2be \!\lﬁlch 1{ ﬁl%&g)%}%t&gl?é}%%% arle{‘eggnsceand crude oi |

prices cont ri uctuations’in con ionally produced,
petrol eum or natural gas-sourced ethyl acetate, nmaking the need for

alternative sources of ethyl acetate all the greater when oil prices
ri se. Thel® hyéi@éé&&ﬁﬂ@ﬁgﬁﬂﬂbarboxylic aci ds over heterogeneous catalysts to
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



produce al cohols is well reported. For instance, United States Patent No.
2,607,807 discloses that ethanol can be forned fromacetic acid over a

r ut heni unwoaveloist4sat extrenmely hi gh pressures of 700- 9F0Th®mroowmO4OBEler to
achi eve yields of around 88% whereas |ow yields of only about 40% are
obt ai ned at pressures of about 200 bar. However such extrenme reaction
condi tions are unacceptabl e and uneconom cal for a conmercial operation.
More recently, even though it may not still be comercially viable it has
been reported that ethanol can be produced from hydrogenating acetic acid
usi ng a cobalt cadflelhydtogenatsupefiarbmoyphecids operdesuogenesucdatalgstatwout 40 to

120 bar. See, ni t ed .St at es, Pat ent. . 4,817, 1 to Shuster et
al. On the df eﬁﬁﬁﬁgolswv?@&epﬁ“&f‘e OpUPALe: te’él%iqf@sg@ °Kitson et al.

describes a ns@cRFdi§@bsel h?at Gﬁfaﬁélﬁah%e%{ﬁﬁ&%&ﬁhb&[& £id S@érta%ﬂlehﬁln@c' ds and
their anhydride$s to al cohols and/or esters utilizing a platinum group netal

al | oy cat al ystalysTateextrgtmglykigh ipsessenep of ¥R barrin ardepyo adhiese yieldsof one nobl e

nmet al of Grou I t he ,Per.i. st _one _netal gapable of
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Al though it has been clainmed therein that inproved selectivity to a mxture

of al cohol awmgcqnogiedferra geramerci oppradiget ed car boxylic acid is achieved
over the prior art references it was still reported that 3 to 9 percent of
al kanes, such as nethane and ethane are forned as by-products during the
hydr ogenati on of Moetrecentlyi ehehah@idhainalaymodsill bhiedrmmeridllyatialsiatitiagst
conditions. A slightly nodified process f t he preparation of ethyl

acet ate By HygeR Ef@@ﬁs@ ?/h?@e'é%qlucen g iPgrdviged g’@@»ﬁm@w@w agstigpcid @m B47. In

this procesgybit catalyst at superatmospheric pressures such as about 40 to 120 bar. See, for
example, United States Patent No. 4,517,391 to Shuster et al.

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



carboxylic acid ester, such as for exanple, ethyl acetate is produced at a
selectivity of greater than 50% whil e producing the correspondi ng al cohol
at a sel ewOiI20iop4146ss than 10% from a carboxylic acid orCanisg@wiooass her eof
by reactingthe acid or anhydride with hydrogen at el evated tenperature in
the presence of a catal yst conposition conprising as a first conponent at

| east one of Goup VIII noble netal and a second conponent conprising at

| east one of nolybdenum tungsten and rheniumand a third conponent
conprising an oxide of a Goup IVb el enent. However, even the optinal

condi ti ons rthpecit edantelride withdsydro genrat sleyaiefl itarapdratarminrthes pekertrg -gfnoduct s

i ncl udi ng net hane, ethane, acetal dehyc%e and acetone in adchgi On\}lﬁ et hanol .
I addi 1 on,CHAS! EORPETUPHEPTBRTISREE & Hé‘i“d’“ipém&_@ﬁéfe&ﬂ QP BWRHR V'S in the
range of abquyieomb@l 44 E‘é&SHcPE%&lﬁéne%t E@&Ypﬁﬁﬁ?ﬁt_ Tefst WhE 6Pmblbdemier si on

reached as high as 80% Fromthe foregoing iT is apparent ‘that existing
processes ddungstenmnaheiiemrangui third eospberatticompyising asoRide ddadimup [¥b

existing art .enplo catal ysts, ich arge.expensjve, and/ or .non-sel ective
for the for rﬁi‘?’ggﬁ %ﬁ’wétvﬁ&FX%%EQ%H’&E80'}5&6%68%0"{?9&]%%??‘58?@‘lS‘y- product s.
Sumary of  tdighifiEhne BfnbQits 98 bPIpkSduetH ielublingRGh ARV ISR abiigIBIrdealdy found
that ethyl acetate can be made on an industrial scale directly fromacetic

acid w th vecgtong irhadsfiecto; efhangl. aldadgitegng theponzergigntof ecgtierdcyd ist hi s

i nvention provides.,a process, for the sel [ for ion of ethyl acetate
from acet i ¢ SerafuArd g e et SEat 34 MG o EIIE Ry 98 B esence. of
hydr ogen ovexhigh theoagasidhireghedbahiphtas80MRr i sing at | east one net al

selected fromthe group consisting of nickel, platinumand palladiumand at
| east on¥® netal selected from nol ybdenum rhenium zirconium copper and

cobal't with the prgyi e f&%g&ing Ak Eﬂﬁmmyatl&isﬂﬁg gro\@eésggw) nBPhXRAFNUM

rheni um
requisite selectivity to ethyl acetate or existing art employs catalysts, which are

expensive and/or non-selective for the formation of ethyl acetate and produces
undesirable by-products.
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,



zirconium copper or cobalt. In addition, the catalyst is conprised of a
sui tabl e catal yst support optionally including one or nore netal catalysts
sel ect ed woamwelr4gr oup consi sting of ruthenium iridi uRCTAISR@IOMIB6 LI N,
tungsten, vanadium and zinc. Mdre specifically, the catalyst suitable for
the process of this invention is typically conprised of a combination of

pl ati num and copper supported on a suitable catalyst support or palladium
and cobalt supported on a suitable catal yst support. Suitable catalyst
supports include without any Iimtation, silica, alumna,calciumsilicate,
car bon, zir celviem sdicateoedrbers izircomia, zirdoaia-alica, titanrd, sitanid-sibiea, ifomoxidexi de and
zeolite catal ysts.such as faor exanple < I'n anot her aspect of this

i nvention a a@gﬁﬁ? tgtcflt(?]r‘?'s%fsuolbﬁ%ﬁgwegﬁ'ﬂ@épported 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 wth
the practice of tlhiagothayespe¢ted thipenventien aPewbiriapon ohcerfpet/higcdmmmant i on The

invention is scribed i.n, detail below wih reference to ner ou

enbod et s PBRO S UCE i Ap Rl Aiastbtateh A= STGE TGS PR or

Modi fi cat i orthe tfdeddie hiy8rdgasiatAAAcEmbcid W dthyInckiag aRcédriamRdvigcaee of the
present invention, set forth in the appended clains, will be readily

appar ent t o RI#ise opthisIvERtigm the art. Unl ess more specifically defined

bel ow, term nol ogy as used herein is given its ordinary neaning. Mle
percent (nole %or %9 and like terns refer to nole percent unless otherw se
i ndi cat ed. \Msdtaitdd Descaiptibn (fithe Inventidh and | i ke terns refer to wei ght

percent unl ess otlherw se indicated, Typically, the catalyst netal |oadings
are expri@ssed as ‘ant‘ﬁér’%éﬁ’r%?d‘é‘%ﬁéﬁlb\"i}%‘t"mﬁ’ffzﬂfer%éa YREFRE total dry

vei ght of t %H’dﬁﬁrﬁén@ﬂg SB%%G@!:S\'@‘Fex%H%ﬁ%%ti%nI%m11u§tf§tioﬁ)f)?1f9? | od#Gtiddy Wei ght

per cent of metal on a s rt neans 't
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)



gram of pure nmetal is present in 100 grans of supported netal catalyst,
i.e., the conbined wei ght of support (99 grans) and the netal ( 1 gram.

" Conver siw020i01eMpr essed as a nol e percent age based onPataisc@9Aaciige i n t he
feed. The conversion of acetic acid (AcOH) is calcul ated from gas

chr omat ogr aphy (GC) data using the follow ng equation: nmol AcOH in (feed
streanm) - mmol AcOH out (GC) AcOH conversion (%9 = 100 * - - mol AcOH in
(feed stream "Selectivity" is expressed as a nole 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 (EtQAQ),

we refer to the egf acefate selectivity as 5 electiviitiyls cal cul at ed
from gas chronat og#iéﬁﬂ“% CEFXBEESTY 7S B0 'E RErceBy 36 Ay COUEHET 8FF1 ol Et OAC

out (CO) Selged i Pdriekah leEtf(ﬁe&cc(n@:rsronlﬁgo mole%ﬁﬁ’d 50 R)Ie % 6’futhe (GC) mmol  AcOH

out (GC) 2 wherein "To mmol C out (GO)" refers to total nmols of carbon
fromall of qoheermdcmtam wémstqrwededago learﬁl actErEt 04 Laphe referdorthacthylon

d t t d
W U Che % nVEREIGHCEERG & 3n SSECABY WY Bom ey hontorehin b

carried out (GT)aavAlsif the FolIARE gttt ons, such as for exanple in a single
reaction zone which may be a | ayered fixed bed, if so desired. An adiabatic

reactor could be used, or a shell and tube reactor provided with a heat
transfer 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,
S c c + 2H,0
ch NN 2
HsC 3 0 CHs

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

20

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



medi um coul d be used. The fixed bed can conprise a mxture of different
catal yst particles or catalyst particles which include nultiple catal ysts
as furthewodesonitaeéd herein. The fixed bed may al so i nclraadasaodoayase of
particulate material making up a m xing zone for the reactants. A reaction
m xture including acetic acid, hydrogen and optionally an inert carrier gas
is fed to the bed as a streamunder pressure to the m xing zone. The stream
i s subsequently supplied (by way of pressure drop) to the reaction zone or

| ayer. Reaction zone conprises a catalytic conpositionincluding a suitable
hydr ogenat i nigcladinglaysaitablhdydrogerdting catal bt wheteyatengacidtichydroggnateduce et hyl

acetate. Any suitahl article size may. be .used dependin on the type of
reactor, thri5@ lfttbhy& ég‘ﬁ?tfee AR t%“taﬁa P&%‘CF%?%%naﬁgf ﬁﬁii’g‘}fpgaéllﬁ% Hgorhgleal
supported hyﬂﬁ@gﬁ%@étbﬂ%&ag@ﬁé@i&ﬁfem ah@ sen&tskilled in the art can be
enpl oyed in hydrogenating acetic acid to formethyl acetate in the process

of this invention it is preferred that a hydrogenating catal yst enployed is
conprised of at | t one .netal selected.fromthe gro onsi sting of
o ckel - Bl ati num AEPysRREaRL e srered ae P e BB e
nol ybdenum  gkiesiiHihe &t EGOBY & 1og&pm{yde¢g$n§mgaédeﬁc héidagddbrd &Ryl t he
uita

catalyst is conprised of a suitable catalyst supgg}rt optional ly including
one or nor e atetatd indhe plogessoT ki éveation itanpickaregrtba hvsnegonating Casalyst

or mor e asste inde piopsI el | g2 |
cimgle suppovtany Fhis EP Bkt ot ot IRERF el o Bl hitishe

sui tabl e catmtiwdtplsipehid pAIRMIAS ahd hidlBasd ofi@yheal] Seledred &opl myBbdenurhhe
process of this invention. Preferably, the catal yst suitable for the
process W tIRERUMGECATIYH, FePPebfsaball & addivemihacatalyst ipropprtedinfd and

copper suppo i | e 2 ﬁl'é_‘ljo‘?]%”r i gbal t
supported onsrutgg@li??t g@rlszéﬂé)?t@ §|°§£‘t8 H%lﬁjp%gfrug . ypiocgﬁrf/?%iutl%lggwé}r%?%rc %ed that a
sui t abl e wei fybrh theagroap obnsastmgrdfirathbniaom, fiidimst eiromdum, tin, tungsten,

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



a suitable support can be used as a hydrogenating catal yst. Thus, for
exanpl e, a conbi nation of platinumand copper (Pt/Cu) or palladium and
cobalt (Gup 20rp/aswei ght rati o of about 0.1 - 1 are paPCiraskewlog4186
preferred. More preferably, a weight ratio of Pt/Cu or Pd/Co is about 0.2
-0.5 and nost preferably the weight ratio of Pt/Cu or Pd/Co is about O0.2.
The ot her catalysts suitable in the process of this invention include a
bimetal | i ¢ combi nati on of nickel/nol ybdenum (Ni /M), palladi um nmol ybdenum
(Pd/ Mo) or platinun nol ybdenum (Pt/ M) supported on HZSM5, silica or
carbon. | n tdvesc agpec ethyl adeknte amd/eypidabp ittikebdw d diverghtl pevesns niwkeleandisnet al | i ¢

conbi nation of. N e a a t he s | ective hydrogenation
of acetic aci%fe“gglt%etr?ﬁplt “%’(l,ﬂ%dﬁf"é&/‘a(h l/‘%/ldf/gﬂtl%&%@ S‘llrg’oétﬁ QR ©38R8i ght per cent
ni ckel and 5 wei ght percent nolybdenum ( 1 W% Ni/5 wt % M) supported on
carbon. In another aspect, the loading levels of a binmetallic conbination
of Pd/ M is aboutInlamﬁiegh&peptetl@elnadipglldvahsiQfmlamdtaﬂiwmr@ﬁnatbmrqfém/Mo

nol ybden m( wt % Pd/ 5 wt % Md)., S or H-ZS SI|I imlarly,
a bi net al%l il 88?1% lon‘g?llggtrpeé‘fenﬂ’%lmu\?ﬁq ‘T’edg |3ff§°e%¢ m&&k’&?“‘fn per cent
pl ati num andpdswrygkilo) Pepersed oﬁmi zsctﬁewmsﬂlca BNy, 3 bihalyR) sumoorted on

silica or carbon can al so be enp qg{ . I n anot her aspect of this invention,
t he cat al ystcambindiinnert RiMerwathisi loediag of eba Abyeightinsteest platiewmiand Beni um

(Ni/Re) or p\%l&ﬁgﬂe&lmr% H&"yb‘&@‘nﬁ RPQ}WB/EPU? wt‘%' Mggéu%goé‘?@bn élll{)a o{) UrBofiSPect of

the invention I'oadi ngs can rirng about
the sel ecti venhysdrtegamsidyan of acetic acid to et hyI acetate. For instance a
bimetal li c conbination of 1 weight percent nickel and 5 weight percent
rhenium® 1 wt% Ni/5 wt % Re) supported on titania or a binetallic

\(I?\fgz"Pg?tS' \CI’W” %O‘;Qe)l WG fHer REJeEESH thRIN) AiioH thE RgkaR M8 ABenfS EHimEARR um ( 1

combination of nickel/rhenium (Ni/Re) or palladium/rhenium supported on titania.
Again, in this 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



supported on titania can be enpl oyed. In another enbodi ment of this
invention there is also provided a process for selective and direct

f or mat i orwof208itiyl4sacet ate from acetic acid conpri si ng: pPcontsaaviongsa feed
stream contai ni ng acetic acid and hydrogen at an el evated tenperature with
a suitable hydrogenating catal yst containing about 0.5 wei ght percent to
about 1 weight percent of palladiumand 2.5 weight percent to about 5

wei ght percent of rheniumon a suitable catal yst support. More
specifically, the catal yst support contains palladiumat a |oading | evel of
about one ( lthewercgbh zpwe santtharadge b€ abain226°@ td YA¥Cngnd thegiresshircadfothe fi ve

(5) weight percent and the catal yst s 0 is titania.. ln this aspect of
the inventi orﬁ?th%eZOP%é%‘Péﬁ? rbang%ﬁgfigqutE&Q%ééﬁr%osab?ras aP9YSdr ogen with a
nolar ratio in the range of about 1:10 to 1:5, the tenperature ofthe
reaction zone is in the range of about 2250C to 2750C, and the pressure of
t he reacti on zoneVasousratahest suppgets dhowb dwthekit ¢ap HeQusad hpsypipertélse absol ut e.

Various catal yst supports kno in the_art can be. used t.o s ort the
catalyats oAy PO FetOREExpled S5 Auc SRPerbEREE ifoRlEE W  hout any
limtation, ZRAkEdEzediiEBudsadHZERWIDS, lonQXidXkiliGa, ahiirhinddtitaflaUiikdbhia it ani a,
zirconi a, nmagnesi um oxi de,' calciumsilicate, carbon, graphite and a

4

m xture t hermagnesmnepxide.calcsupsdicats, earborsigraphite and aminhure theredfum si | i cat e,
car bon, 21 o AN B B eLRLAR! i ald bRohSK38 @B 2 catal yst

support in the process o FsTifvention. Tt 1S al'so I mpor to note that

hi gher the pithhiay Mdre prdferably dilie ibatddeds d datdlgst 3GppEoroiape pocedsivfakigt her
aspect of the process of this invention, any of Iilnpwn zeolite catal ysts can
al so be ¥nplByeHions lis alsodmpertant ip petetthanipghes thepurity of siliga.ihe, betterat por e

di anet er of i§tas5§ﬁ‘;§ﬁor@b°“t 0.6 nm can be used, preferably enployed anong

In another 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.



such zeolites are the catal yst supports selected fromthe group consisting
of nordenites, ZSM5, a zeolite X and a zeolite Y. The preparation of

| ar ge- porwonorodamisses i s descri bed, for exanple, in U SpCPaiS2008io0418¢ 018, 514
and in M. Sieves Pap. Conf, 1967, 78, Soc. Chem Ind. 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. Various zeolites and zeolite-type nmaterials are known in the art
for the catalysis of chem cal reactions. For exanple, United States Patent
No. 3,702, 886, of Fhgzeoditss sditslle doretbe prockdigs ob thesiywdrtionican be o thedmsic
characterized as. "Zeolite ZSM 5", .yhi are effective for the catalysis of
vari ous hydr E@rw&ﬁeewﬁwfwlgfr%&g@@%@%@Fipﬁﬁ@m@wm%ﬁt?‘gr t he
procedure ofgsfae i nvention can be in the basic form in the partially or
totally acidified form or in the partially dealumnated form Preferably,
the zeolite catal yst support in the process of the present invention are in

the protic form,_ characteriz as, 'HZSM 5" aor "H nordenite" zeolites,
whi ch ar & pr epar BTN AT GRS BaAlET PP e PrRtsT PETSPSRRE dani 1 o
zeolite by r@pb@fdn@e PHe préitdfodA @hahbtériadd dsea3iz NI tor 8 Umetdehie’ cat i ons
of the latter zeolite with hydrogen ions using techniques well-known in the

art. These zzsolifesewbisharypreparad &roass eomrésabhding r8Mab resditedtuni nosi | i cat es
0L 11 DB TR Il ST B B0 PE)
cat al ysts f ogatipts pphesater zédlite prigtBidroden \iGMstisitp, tetlifquaslvadl-k@dviOinahe Si O2 t o
Al 2C8 nlOt hea?r? "lz"l?eosle iz;[ec?liste icesltawsgsqrg es:[sgr?tiarll(’;lltcir)(l)stzgl}ciné’jl El%?rfin&?liéa?es%? in the
neutral form 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 supports for platinumor palladiumbased netal catalysts
are carbon, titania and zirconia. In another enbodi ment of this invention
the preferred catal yst support is carbon. Various fornms of carbon known in
the art that are suitable as catal yst support can be used in the process of
this invention. Particularly preferred carbon support is a graphitized
carbon, particul the high surface area graphjtjzed carhbon as descri bed
in Geat Britai na‘yé‘%l%ﬂgowtglftﬁg?qr@ihaﬁﬁsgﬁ’% tl“%pWFE?TSé’rq-é y in

particul ate fQeMonfRE pRYGIRy Hordts dﬁ%dn%ﬁ&lys-{?%p%hée“@ifth ihfaﬁar&f%ﬁp@n particles
wi || depend on the pressure drop acceptabl’e in"any given reactor (which

gi ves a mi ni particlpsizesthesarhon vaticheed & baporods fof medtdine prefigtedasurfacavirehi n t he
pel | et (vghi cr}gg% Zes .a maxi mum pel | et size).The carbon catal yst supports
that are sui Y8HLEHS he process of this invention are preferably porous
carbon catal yst supports. Wth the preferred particle sizes the carbon wll

need to be porous to neet the preferred surface area characteristics. The
cat al yst support sTheedtalgstisyppaits ineluging thaearbgis eatelypipoppertamgy be

characterize t hej ET S ne, and ed surface a ...Jhe BET
surface ar eag‘lag%ttﬁ*rn%ggé %&%Bg?éggsggﬁlg?emaﬁ&elag%eysu?#l% ?8rge§sri glbesgggfsluﬁfﬁceusi ng

the nmet hod odfreBisubanatacEaratdetantnebedy itroden addBiptich&RIngRE mefdIFIO (1938) .
The basal plane surface area is the surface area determ ned fromthe heat

of adsor Bt i oRrugAusrianmgit gadh Tekernl dwa.rGhean mosn@d.30bthA8hebhedrisalglanehe net hod

described i ngfrAC R 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.
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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
t he car bomoahiwbuusanol from n- heptane as di scl osed i n Phe/UBR@O/00428¢. 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 |least 100 nR/g, nore preferably at |east 200 nR/ g,
nost preferably at | east 300 n2 /g. The BET surface area is preferably not
greater than 1000 mlg, nore preferably not greater than 750 mlg. It is
possi ble to use carbon catalyst supports with ratios of basal plane surface

area to edge surfgce are t legst 10:1, refer at Jeasy 100:1. It
is not believed tﬂ&f"e‘t’?fe? OP@ﬂ%f&ﬁBﬁ’F cpRtain af)t?f’ntlﬁzll‘jerérfnd)tjvﬁm Bugh in
practice it Wlélemﬂeﬂ&qahﬁxn&él%em@feﬁ{e@noﬂwg bgitalEhaferig 6AIRR support
may be prepared by heat treating a carboncontaining starting material. The

starting mat @talastt snpporise Ve prsflf@dp ralvblldr theignsgp Hiimelaecepsiderasjoas epplago di scl osed

G Pat.ent b bon bl ack. Ho
Iolneopﬁ?f[ Igl-%(r:I %arr %hli)l?‘égesn%lggﬁg Sﬂh?:‘éer%e?fyi Hletq%){?l%%ﬁ?ofa\r/e?; fi ﬁg par }tNreXIeres in

fl ake formand are therefore not very suitable materials for use as
cat al yst supports. ?refer to avoid their use. Sim/lar considerations
appl y to carbon blagcrestarredanatelialp afesagtivated eapons desiveddtone vegesdble. The

f d f bl I
0T 10 TGl Lo LSS SIRRB P SR GRRLAR) ¢ el

The mat eri al polgmbyse dheendteridlisutjendd forthahea mleaicht prefdrhylyhave padictd cl e
sizes not |ess than these indicated above as being ci)referred For t he car bon
suppor t . 10TheSigsetob s thaa thase indicated #havalas beisgprefaed frithgparpon support.

characteristics: BET

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



surface area of at least 100 m/g, nore preferably at |east 500 n2/g. One
preferred heat treatnent procedure for preparing carbon supports having the
defi ned cweraorme#i4sti cs, conprise successively (1) heat Pog/ush@onesiBon i n an
i nert atnosphere at a tenperature of from 9000C to 33000C, (2) oxidizing
the carbon at a tenperature between 3000C and 12000C, (3) heating in an

i nert atnosphere at a tenperature of between 9000C and 30000C. The
oxidation step is preferably carried out at tenperatures between 300 and
6000C when oxygen (e.g. as air) is used as the oxidizing agent. The

durati on of mblectleatxypgnjag.ianerThegasdatonnepreferably catriedduetd giveaneeded t o

heat the carbon to the required Ximimte rature is, sufficient to
produce the_?aéomﬁ ‘P’%‘gﬂgﬂéﬁn é’él‘?aﬁt ‘é’e{égFBgﬁe.rm%ﬁ%ﬁdcﬁﬂ W‘é“gpbﬁf%‘f@ﬁ must clearly
not be carrig@ideud wmxi@ﬁimlstép?ﬂﬁréy&?ersmtat f& 1BAKBRER: SRedySt S

conpletely. It is preferably carried out using a gaseous oxidizing agent
fed at a controlled rate to avoid over oxidation. Exanples of gaseous

i di zi t t i oxi d d t ai ni | ecul
oxygen 8 o ai ¢ TACuEEI T RreRlel et R RE Ry B e ca bon
wei ght | oss @ibatsubRatdd td the'®ligdtfonReds aidhre pﬁ@dbls)mow?ieﬁm tHah 2(56\9&%1;&

subjected to the oxidation step, nore preferably at least 15 weig

percent. Thepefgangpf thegadons preferably not greater than 40 wei ght percent
of the 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 preferably suchhdfaadoftsipplgegiokriizing agdtt id geferitii eechphacie dveredat | east 2
hours, nore preferably at |east 4 hours. Wiere an i nert_ atnosphere is
requi red% t Welghtessstalkes Rlass argr af leas gdiouss mere preésrably g least 4 hours.

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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As noted above, the loading |evels of a conbination of two netal catalysts
are generally referenced with the content of main catal yst netal and the
wei ght rawOaomfoisfae conbi nati on. For instance, the wei giRCTruseé09/00f186t / 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 anobunt of platinumor palladiumcan be 0.1 or 1
wei ght percent and thus 1 or 10 wei ght percent of copper or cobalt is
present on the catal yst support. Morre preferably, the weight ratio of Pt/Cu
or Pd/Co is about 0.5, and thus the anount of platinumor palladiumon the
cat al yst support Thmarbeurgiof Hérd me®! nadingvéprgbent peacepporaischot Naty of copper

or cobalt is either. one or. two,weight .percent. re ef erably, the weight
ratio of Pt/CHEB mF‘B’/sC%‘_’q“QOBﬁEd & .%.“E)%ﬁlfgn?h(gj\ég’%h(ﬂﬁ “631’%*&1’5%/‘%@% or

pal I adi um onyRue mna@rfm p&rcéhtd A RREI WadingoBbeNE weRhEpétter il abdiate of copper
or cobalt is also 0.5, one or two WEI?ht percent when the weight ratio is

one. Sini | arweightwraeeens bessid gintthe weight of thespperbis paeticatarlysprefesredt he anount  of
pl ati numor palladi umon the support can be 0.5 or one wei ght percent and
of copper or cobalt is either 2.5 or five weight percent.The anmount of

third nmetal | oadiTige inktapirgsepiatidn can beRAGTEH dususing aveothekhbwaal in this
invention and can vary in the range of about 0.1 weight percent to about 10
wei ght per cemgethods ingheprt) dxsicaldy.drefers supregngliqnghe syepostsgfe diied®ddf™ G wei ght
per cent base I . - j fepred. The
metal inpr eg%lg%? %%Jagtgﬁﬁb%@%a@hﬁﬁ %ﬁ#aﬁgpﬁ%ﬁ glntggg%dgt% lrélgaﬁé%\?n? ﬁ’e‘?%ods in the
art. Typi calinyn. Opticnady iltgpsupgoas map bt ipeessed) parshed adesievadad aalesitél3ige and
shaped to pa%,ti,%l es having size di stBi%é)uti nin the range of .about 0.2 to

0.4 mm Bt i YsEPEGon hang ahps g wedyethedsip shapsihe syRporgasHalsdit@ved to a

desired sizeyddj,sd g&pgg}rmﬁoﬁ\ungg et ﬁ)yg@.own met hods to shape the support
materials into desired size distributi"on can be enpl oyed.

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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For supports having | ow surface area, such as, for exanple, alpha-alum na,
the nmetal solutions are added in excess until conplete wetness or excess
liquid inpoegrtitey so as to obtain desirable netal | oa®Cmgs200090418¢ ed
above, the hydrogenation catalysts used in the process of this invention
are at least binetallic containing platinun copper, palladiunfcobalt and so
on. Generally, without intending to be bound by any theory, it is believed
that one netal acts as a pronoter netal and another netal is the nain
nmetal. For instance, in the instant process of the invention, of the above
not ed conbi naay else be psypacdi byedoyiniregnatiom Ip momflﬁscmth%imjnrcgnaﬁem neye

id d tals f ring h o enatlon c talys of this
Cvent ton. TREBHRbv eI ReaL iR o R aE Rt SO A A Lh e 541 ad um

are consi dergfichQpb# célBﬁaﬁér@f%a@é iRl 3 déﬁl@i%@dﬂert@edl PRRan{SE4 QP&héreaCt ion
paranmeters including but not limted to catalyst support ‘enpl oyed, reaction

t enper at ur e m@bk@rre@gkﬁabs fastimprephatiominglugds naetategxalate; et hyttweddepr onot er
net al s, ch a ' i u romiumor zinc. The
ot o 1 15 opa) HRPE Hhl ook SntiPiiB AR, sfH RRtRln L0

i npregnati onh@ﬁeeﬂolgsda‘t@héw@ka&ynﬁwlaams adh e@pérthivaid &id sdihﬁoxblaﬁ&fﬂ@é lic
catal ystsmay al so be prepared by co-inpregnation. In nost cases, the

i npr egnat i onlikfay be carried out using metal nitrate solutions. However
vari ous other soluble salts which upon cal cination release netal ions can
al so be used. Exanples of other suitable netal salts for inpregnation

i ncl ude netal oxaTkisdn ofretmbobiythnoxst this inveitédn, therel, proitled a acet at e,
anmoni um et al . oxi de, such as anmmoni um hep t anol ybdat e hexahydrate, netal

aci ds, slfch Rxdrpganafemeatalys whesein ths IV HRIPRAL T ke With st fic
enbodi ment  Ofadiflh 3 pRAURRN A8 copbie En tils RpRU SH8fke Fvention, the loading of

platinum is about 0.5 weight percent to about 1 weight percent and the loading of
copper is about 2.5 weight percent to about 5 weight percent. Specifically,
platinum/copper loading levels of 1/1, 1/5, 0.5/0.5, and 0.5/2.5 weight percent on

15  silica can be used.

In another embodiment 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
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hydr ogenati on catal yst wherein the catal yst support is silica with a
binmetallic |oading of platinumand copper. In this aspect of the invention,
t he | oadiwg 20fo/qakmsi num i s about 0.5 wei ght percent to aboats2009xwedight
percent and the | oadi ng of copper is about 2.5 weight percent to about 5
wei ght percent. Specifically, platinumcopper |oading |levels of 1/1, 1/5,
0.5/0.5, and 0.5/2.5 weight percent on silica can be used. In another
enbodi ment of this invention, there is further provided a hydrogenation
catal yst wherein the catal yst support is high purity |ow surface area
silicawith dlrmmimﬂléddbioot} mtghmgerméntpbabbutu@nae:ighmpmt eaph. pal | adi um and
cobalt. Int Ha Hect of the invent|i % %oadl ng of pl a}&i num ij

pal l adiumis %ﬂﬁ ey @%{%ﬁ?mﬁ’&‘ ingt gvelnsl, Wfl%k)é FIENLSBF R BRENARY t he

| oadi ng of Ctﬁ@ﬁﬁfrerﬁéntﬁﬂx'éé'c&taly%t abpuit iOprbfadRigght percent to about 5 wei ght
percent. Specifically, platinum copper or palladiumcobalt |oading levels

of 1/1, 1/5, 0.5/0.5, and 0.5/2.5 wei ght percent on high purlty | ow surface

area silica can used, O ed su ports in thls

Mvent orf nol udeliepeheY G brfis SUbRInFHRRY et Aedat sfRAREL &, on°

oxi de, sili camabtitdd todetidNActateGl VERYHiLH faddse Tﬂeae&amltyefo thaQditarRnh of this
invention, there is further provided a &dro genation catal yst wherein the

bi metal |i c ceangra) & vary highmpd maynes ateashblinerseippdindepisferead eretionzi r coni a,
graphitized canRon ek:"e%csgétﬁ is e'lecg%lg ?’eve %t?@ﬂlg? LLGRRLA %éléén ?%of nthis

aspect of the Invention er andchrom I's about 3
wei ght per cegitattothah86tor 80.5Wwetd@ht omt)feqrréfeﬁmtﬁat eﬁwﬁwtlfvity aF by percent or
copper/chrom um | oadi ng_l evel s of 5 wei ght percent each on any of the
af or ementl or@arec aMesyiefesailp sthyl acstate éﬁl‘é‘%t’r"étél is ptjegsb HaPgTIceny t he practice
of this invention, acetic acid can selectively be converted to ethyl
acetate at very hi gh rates. The selectivity to ethyl acetate in

The conversion of acetic acid using the catalysts of this invention is at

least 20% and can be up to 70% with selectivity 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



general is very high and may be at |east 60 percent. Under preferred
reaction conditions, acetic acid is selectively converted to ethyl acetate
at a sel ewDi2vikop4a greater than 85 or 87.5 percent or moTaspeehesiably at a
selectivity of 90 percent or nore. Mst 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 up to 70% w th
selectivity to ethyl acetate at |east 60% preferably 80% and nost
preferably 95% Generally, the active catalysts of the invention are the

si ngl e met al loading lo€ five meighlt percentainadilyet o Hg. SMScasicheadly sh euppiorts. Mbthés

specifically, a binetallic catal yst. cqgntaining platinum and.copper

suppor t ed onéSQFTtio(f?WY?Pt%?"p?t%hﬁ %r&#ﬁqega?&f Ly ppf“\?\é‘i'cdﬂfig %@P%Bﬁ%) and copper
| oadi ng of Scingdr) Rtanke ZG8Mia,l iforP688€ SNIRY-allRind GAGLHRRES sifit4B. the practice
of this invention, acetic acid can be converted using this catal yst at

conversions of around 70% with ethyl acetate selectivity of at |east 80%
nore preferably sgl ect,ivit o..ethyl ac te of .at |east 90%.can be

ehi eved.” S | arrcanyist aimset R Psr St B frGoidh ahE Bidradenttif g
zirconia, graphéd SutQf aEtés@dﬁ’e Fusd SufficfAPROGVer@tk ik pesk@dArddacrdds thé at i num
and copper of one weight percent and five wei ght percent respectively.

Ot her pronot%@aliig b§ds can al so be used in conjunction with palladi um or
pl ati num as noted above. In another aspect of this invention it is also
possible to obtain high I evels of conversions in the order of at |east 25%

and hi gh sel ecti vikgreacticaithyy bacatiad euoin thé vappast lighidutatd Qddrsiwide pal | adi um
| oadi ng of one,meipht percent and cobal tl oading of five weight percent on
silica ol HYvasighsoleondiions.y Ereferablyothedeactian iy gasrietspuidn thy vapRePhas9ent i on,

i roont o { roa o YRk R e Bl A Fr R L BP ook DD T
aspect of t he apoatcH¥EC girefehibdy alour 225%hto dbbet 2R5AC 0 Jhin présoureiisgenerally
uncritical to the reaction and subatmospheric, atmospheric or superatmospheric
pressures may be employed. In most cases, however, the pressure of the reaction
15 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
20  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.

25 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

30  become more expensive, methods for producing acetic acid and intermediates

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

16



carried out at a pressure just sufficient to overcone the pressure drop
across the catalytic bed. The reaction may be carried out in the vapor or
i qui d stwbeowmderssa wi de variety of conditions. Preferabiryus2adamosieact i on
is carried out in the vapor phase. Reaction tenperatures may be enpl oyed,
for exanple in the range of about 200C to about 3000C, preferably about
2250C to about 275C. The pressure is generally uncritical to the reaction
and subat nospheric, atnospheric or superatnospheric pressures may be

enpl oyed. In nost cases, however, the pressure of the reaction will be in
the range of mefzouterdt.iQf [Botiadarosishest sghapsductian ofrmstic prid femabinthdskse

ressure of ctlo one is in.t range aof .about 8 to 2 her es
gbsol ute. Al gaﬁg H atr“é%}'cl?‘? deive ﬁ%ﬂﬂgy SuIfaR F OWHFCGQS%’@ g’?ot |l e of
acetic acid we. G)E?ZthoaVzHQﬁlﬁ tﬁ’é d1§&1’8¥1lre € Qhihss 1&@%)0@&5&’ﬁéreﬂpl‘)ﬁr ratio of

acetic acid to hydrogen in feed stream may be varied between w de
limts, e.g.refarenpeatongkample teal:hcsoa mellllO(dO)f r¢tt0ﬁt3ng)aeieehanehpllam/®vdle t hat such
ratio be in the the nolar ratio
o hoet; ¢ achiRyRREH S5eR Rl By fehrdihte §imetPing) RRFLEF Tted ety Fbe

connect i on WskbtitB® with@® $enéthtidhfos aldam%tl@aclawanbsr&%mﬁ@adur&r om any
sui tabl e source includi ng natural petrol eum coal, bi omass and so

forth. It isredaged %h@gﬂytebnpms%céﬂa@@@n@fam &yngarﬁrl@dgwrtﬁétﬁi@anﬁle
car bonyl at'orﬂethaﬁt HeY f’o%pfepggﬁél%’&to%t %S%Fu Aei,rsr"c&?'&’at"’e

fermentation, aero ation & POl eum and
nat ural gas Hi;aty@elngawhfm am&)ﬂenawﬁmrumcerméﬂimaﬁdfoadaﬁtﬁdu@laﬂgucaa‘@dl c acid
and internedi ates such as nethanol and carbon nonoxide from alternate

car bon sHBur c®s PGS @Rakierksrused  wakeshydrogenswhich dgpialized dp 6pRagctipr ¢ he
producti on %ﬂ%ﬁﬁglrﬁ/e 4f fromsynthesis gas (syngas) that nay be derived
fromany suitable carbon source. U S. Patent

U.S. Patent No. RE 35,377 Steinberg et al., also incorporated herein by

reference, provides a method for the production of methanol by conversion of

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
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No. 6,232,352 to Vidalin, the disclosure of which is incorporated herein by
reference, for exanple teaches a nethod of retrofitting a nethanol plant
for the meoubmatiwrse of acetic acid. By retrofitting a nmecmarseéoopband t he

| 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 diverted fromthe nethanol synthesis |oop and supplied to a
separator unit to recover CO and hydrogen, which are then used to produce
acetic acid. In addition to acetic acid, the process can also be used to
make hydr ogedesodiberhin ilhliteﬂiSItétzeElatbmt Pécmrﬁrﬁﬁ?t@lﬁmfuﬁctzhs ehals thedisclbswea of U. S.

Pat ent No. 35,377 Steinpe i ncor porat ed herei.n

ref erence, E&B\?Eé%’é‘c%rpﬂﬁaﬁﬁbe %8 ytrﬁ red’rCSdﬁ.BFicB’ﬁie f‘p‘?FeHrﬂg b mayybe ctbﬁverm on
of carbonac EAHRYTRS B! | BASiop YeResAsT (R bpes&ﬁ%'wenﬂ@ﬁ Wu%lou%é nB&fifRi omass
materials. The process iIncludes hydrogasification of solid and/or |iquid

car bonaceouscond¢msingths at&sicoisicaml laght codessregmyinghwater, savisg ewgralbyr ol i zed

wi th additi onal naturat gas to formsynthesis gas. The syngas is converted
to met harol RIRFERESYWe carbonyl ated to acetic acid. The nmethod |ikewi se
produces hydrogen which may be used in connection with this invention as
noted above. See also, U.S. Patent No. 5,821,1 11 Grady et al., which

di scl oses a procesentagior gestdence fimg cangise varowidedy, tdhp@’lﬁérg@mﬂ’upbati on into

synt hesi s gaé 1%% %]amgﬁnt%fgcetﬁ: z}c?@tcaur?yst 8085 t7e§n4 Pr%t@r%'a%d%%% the

di scl osures o areé i ncorpora erern erence € acetlc acid

may be vaporTg;ﬂeblabnt’amlm@a@hg@ﬁom@ﬁ@d@hwfa se&ﬁﬂ tb gdte itHanGeerabhdugsl al ong
with hydrogen in undiluted state or diluted with a relatively inert carrier

gas, such asWhen# erjalyst syptgerptherdhan afixed berhis uged wyiteprgfrared sentarke,

times, at least for vapor phase reactions, between about 0.5 and 100 seconds.

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
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Al ternatively, acetic acid in vapor formmy be taken directly as crude
product fromthe flash vessel of a nethanol carbonylation unit of the

cl assdescwODheth/iimi4bni t ed States Patent No. 6,657,078 of PEralSe@mv418é ., t he
di scl osure of which is incorporated herein by reference. The crude vapor
product may be fed directly to the reaction zones of the present invention
wi t hout the need for condensing the acetic acid and |ight ends or renoving
wat er, saving overall processing costs. Contact or residence tinme can al so
vary wi dely, dependi ng upon such variabl es as anmpbunt of acetic acid,

cat al yst, refet () weightpercabtnoppemnat aboesaner(é) wEight patergpatladiumtandes r ange

f f ti f dto re. than.several hou when a al yst
Syetem of hertRhs vl Fad patrenCodia 15 it Bt ment ehhe BAsotiibes at
| east for vapQentRMass préRetd B8 thelRUYGR ARk al st arN by DS ontised

Typically, the catalyst is enployed in a fixed bed reactor e.g. in the
shape of an @iddhgzgastopisparrind quivethshvaper phase ngng 8 derdsstreampif @aétigadidh t he

vapor for ar assed aqver or through the catalyst. her react@rs, such
a1 ui a or SRR i et rivke O B SRR Yk S bPRRFER B some
i nstances, ifangSoPEbbaN2BEANL 75T shfiPatta e AU TFEALHOh 2On&Ahahd/ BinSe bh
conjunction with an inert material to regulate the pressure drop, flow,

heat bal anceatout $th2) ajmaspberss ghsphiieaad she ¢pniges timgtadirgastanteld in tel udi ng t he
cont act ti”%aﬂéaSP%%$?@§%QQHO§9§R%HQdS with the catalyst particles. In one
de 1 S '

of the preferr odrmen here i's al so 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 evated
tenperatlfre with Eh%fﬂ?lp&mgeewtnl eribs e racsiyres usssifontheinsgpasdinn 0. 5

Vel Gt per eyt B8N} ol HELAR 1PRIEIMGS Al e O pal | adium and about

2.5 weight percent to out "5 wei ght percent of copper or cobalt on a
sui tabl e catal yst

Example A
Preparation of 1 weight percent platinum and 5 weight 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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support. Preferred catal yst support in this enbodinent of the invention is
either silica or HZSM5. In this enbodi nent of the process of this

i nventi onwotzhw/qpuelerred hydrogenati on catal yst cont ai ngCahsawoonasg 1)

wei ght percent plati numand aboutfive (5) weight percent copper or about
one (1) weight percent palladiumand about five (5) weight percent cobalt.
In this enbodi nent of the process of this invention it is preferred that

t he hydrogenation catalysts are layered in a fixed bed and the reaction is
carried out in the vapor phase using a feed streamof acetic acid and

hydr ogen i n ExempleBar range of about 1:20 to 1:5 and at a tenperature in

t he range of_about 2250C to 2750C and,at a essure of reactiopn.zones in
the range of PIaBRIAOBOT bstehsperseinallediimiy Vehtpeicen cobalentieh i me of

reactants i spifiyviRe s@rae Akasghpyt 0.5 and 100 seconds. The fol | ow ng
exanpl es descri %e t he procedures used for the preparation of various

cat al ysts enpl oyelowderehandmashsddsghmpirath 16w Ishidece dEsmsiptae(94 Doépaifatn on of 1

wei ght percent .platinum.and 5 i ercent, .c QN Hi gh Purjty Low

Sur f ace A?Ir ealpaﬁl‘fql3 8%° ab?%lé‘&é’ﬁ 05%0%@%3511 MagAr @Eﬁ{? ¢6W%EY?”a ®Area silica
(94 g) of uniitBpen AMokplrEovdrazhtlikd theh dboled tidfoorPRHpeRitde MTOMAS whsi ed at
12Q0C i n an oven under nitrogen atnosphere overni ght and then cooled to

room t enper atdded a sqiytipn o peltasiivm adete (Herhens) 6h108) wi distilledrivaien atnal).

(Chenpur) (164 | i.Sstyll r mf The r i lurry was
dried in an %lgeerr?glng tsjlglfr ywﬁeaﬁ%g\gﬁ%lg Oﬁ%gr& Q>1§' }hegﬁerd stgﬁ%g {]ﬁqznlio.ursl’he

i mpr egnat ed tRCAhYS! The Khpregnaedcdtalon mixhat Med tiiin K {180bwiges, | T mn).
To this calcined and cooled nmaterial was added a solution of copper nitrate

trihydratle (Mus 1Xemip) Taqtigsalginediand ¢qoleymagsrial wasiaddg p solpsign 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



resulting slurry was dried in an oven gradually heated to 1100C (>2 hours,
10C/ mn). The inpregnated catal yst m xture was then cal ci ned at 5000C (6
hours, | Gvoizndo/dxaspl e B Preparati on of 1 wei ght percentcpalst@diosdmsand 5
wei ght percent cobalt on High Purity Low Surface Area Silica Powdered and
meshed high purity |ow surface area silica (94 g) of uniformparticle size
distribution of about 0.2 nmwas dried at 1200C i n an oven under nitrogen
at nosphere overnight and then cooled to roomtenperature. To this was added
a solution of palladiumnitrate (Heraeus) (2.17 g) in distilled water (22
m ). The resW°Cimm).sThe ingpregsatett catalystrmixturowens tigmacilcahddyat 568¥@&¢ t o 1100C
(>2 hours, 100 m g& .The inpregnated catal yst m xture was then cal ci ned at
5000C (6 houfeurs,1 /ﬁ‘i"H)'. To this calcined and cool ed material was added a
solution of cobalt nitrate hexahydrate (24.7 g) in distilled water (25 m).
The resulting slurry was dried in an oven gradually heated to H QC (>2
hours, 10C/ nExampldke i npregnated catal yst ni xture was then cal ci ned at

pal | ad urh anbreRTREPLRE pereblRreeygupb OB Caid e BiBdbabFaERr Ecampi o
B were substpsyisatthye ARRSRLED except for utilizing HHZSM5 as the catal yst

support. Exanple D Preparation of 5 weight percent copper and 5 wei ght
per cent chr om um Bewddretharlmeshed high Bty dew spifece askd sivea Gvgiof edifarml neshed

190 PUL LY hRROSELIRGRIGR bR 3% e B PR
nitrogen atmosphere overnight and then cooled to room temperature. To this was
10 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). 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).

30
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ni trogen at nosphere overni ght and then cooled to roomtenperature. To this
was added a solution of copper nitrate trihydrate (Alfa Aesar) (19 g) in
distill edvoabawvordm® m ). The resulting slurry was dri edPCH/UsR0000e4186
gradually heated to H QC (>2 hours, 10C m n). The inpregnated catal yst

m xture was then cal cined at 5000C (6 hours, ICmn). To this cal cined and
cooled material was added a solution of chromumnitrate nonahydrate (Al fa
Aesar) (32.5 ¢g) in distilled water (65 m). The resulting slurry was dried
in an oven gradually heated to 1100C (>2 hours, 10C mn). The inpregnated
cat al yst mi xExameple&s t hen cal ci ned at 5000C (6 hours, 1Cmn). Exanple E

Preparation of 5 wei ercent Mol ybdenum Car bi d \¥%o] on Hi gh Purity
Low Surf ace Igﬂeg%raﬁ?rf 8&%“@&%’9&8?@8“&?&%&%%%@?@&hof“%‘%r&ﬁeﬂfegace ar ea
silica (95 ggjef uniformparticle size distribution of about 0.2 nm was

dried at 1200C in_an oven under nitrogen atnosphere overnight and then
cool ed to room t ehpedaed ard mEshedhiigh prarsty dow surfacesaybasilion (35 g)aimni{pom

hept anol ybdat e .hexahydr at e. ( Si .5 in distil}ed water 3 m). The
Feoul 11 ntt s OO AR o pr Aot A mip s aPied S LGN A BYEhR LD Dour o,
10C/ m n) . Thegitrlopd fe0EpIRGe 6A&rAIghE AndWikéh ¥bSledV@SrdofR iRl Ahree doahisSMUIOC (6
hours, 1C/mn). This results in nolybdenum oxide on silica. It was then

treated in aaddedwselutianofasltadum nione(Heragysh 62.47 ehin diptiliadovater @Rysb).

Exanpl e F Prgparatii. f 1 vweijght. percen ' o VRI er cent
ol yhdenum ol 1o IRG syl i B SRl brep Ay MR O P S e
particle sizpedirain)i DHE irApreghatedeathlytk Mixiife Was thdn @lcindd 4300 (1 an oven

under nitrogen atnosphere overni ght
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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and then cooled to roomtenperature. To this was added a sol uti on of
platinumnitrate (Chenpur) (1.64 g) in distilled water (16 m ). The

resul ti ngwel2orwog4as dried in an oven gradual ly heated POoTABO®I00+18 hour s,
10C/ mn). The inpregnated catal yst m xture was then cal cined at 5000C (6
hours, |G/ mn). To this calcined and cool ed material was added a sol ution
of ammoni um hept anol ybdat e hexahydrate (Sigma) (9.5 g) in distilled water
(63 m). The resulting slurry was dried in an oven gradually heated to
1100C (>2 hours, 10C/ mn). The inpregnated catal yst m xture was then
calcined at BEGogIe (6 hours, 1C/m n) Exanpl e G Preparation of 1 weight

percent pal |l adi um. on%iw g,higﬁuri é} iaw Surface Area Silica Powdered and
meshed hi gh %ﬁ?ﬁf?&wq GienLRECH PATIM Qi tifagly g) of uniformparticle size
di stribution of ah% Qd%éErBfV@énfﬂiéR%&E &l?s@egﬁ% il aRURRCAAEGT ni trogen
at nospher e over ni ght rgn%l trhen cool'ed to rcs)omtea grr?t%ure 'cl%wt his was added

a sol ution oftiljizalg astilutmeméfiplatineing h&wam(lﬁm)en(pzr)ﬂlﬁ@) in distilled iMategdlnat er (22
m ). The resulti %slurrg s.dried in an oven gradually heated to 1100C
(>2 hours, fabjaﬂiq P Erai gt\r{}g?égnat ed catal yst mixture was then cal ci ned at
5000C (6 hours, G mn). Exanple H Preparation of 1 weight percent

pal I adi um and 5 wei ght percent nol ybdenum on HZSM 5 The procedures of
Exanmpl e A weexamplo&t antial |y repeated except for utilizing a solution of

o amoni um HEPERT Toh SRy sl gy . A pghfurtohiedhig o vt o
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 nitrete 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.
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distilled water (65 ml) and 94 grans of H ZSM 5. The catal yst was
sequentially inpregnated first with nol ybdenum and then with pall adi um
Exanpl e IwBnepenatsson of 1 wei ght percent nickel and 5 weirgistoopooasnt

nol ybdenum on carbon The procedures of Exanple A were substantially
repeated except for utilizing a solution of nickel nitrate hexahydrate
(Alfa Aesar) (4.96 g) in distilled water (5 m), a solution of ammoni um
hept anol ybdat e hexahydrate (Sigma) (9.5 g) in distilled water (65 nl) and
94 grans of carbon. The catal yst was sequentially inpregnated first with
nol ybdenum aBslathple™N wi t h ni ckel . Exanpl e J Preparation of 1 weight percent

platinumon fitani.a T rQcedur es .of Exa e A were substantially repeated
Except Tor uPTPREGORT SR PEIehPIITAT Al 9L PEE et ORBRTSn (s o) 1 n
distilled water (%fe Blocedites SOELHIE AOWelel shibdthitiall5r8paat&l dkcBpigBar ation of 1
wei ght percent palladiumand 5 weight percent rheniumon titania The

procedur es oftilizisgp4 gramswditdamabst anti al |y repeated except for utilizing a
solution of palladiumnitrate (Heraeus) (2.17 g) in distilled water (22
m), a solution of perrhenic acid (7 g) in distilled water (14 m) and 94
grams of titpgRimplehe catal yst was sequentially inpregnated first with
rheniumand then with palladium Exanple L Preparation of 1 weight percent
pl at i num andPBpatighpf anmemntybd@hami drweaiglitipgreent 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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The procedures of Exanple F were substantially repeated except for
utilizing 94 grans of carbon. Exanple M Preparation of 1 weight percent

pal | adi unwarrdi®iwasght percent zirconiumon silica The pCOASdwWo®84186
Exanple A were substantially repeated except for utilizing a solution of
pall adiumnitrate (Heraeus) (2. 17 g) in distilled water (22 m), a
solution of zirconiumnitrate pentahydrate (23.5 g) in distilled water (100
m) and 94 granms of silica. The catal yst was sequentially inpregnated first
with zirconiumand then with palladi um Exanpl e N Preparation of 1 weight

per cent pl atwateng180dnl} and: P4 gtanpesfcdnta. ddpepetalyshwas sequeatiatlyempregrathdr es  of
Exanple A were su%stanti al | eat ed.except for utilizing 94 grans of

re
titania. ExanpiyHt CW%&P%%BW‘ ZHCRBht percent nickel and 5 wei ght

percent rheniumon titania The procedures of Exanple A were substantially
repeated except for utilizing a solution of nickel nitrate hexahydrate
(Al fa Aesar)GésClaemgjographié €0C) dradlysiefethe PBdukts, a sol uti on of perrhenic

oo (9 0 S bk B BTBRlo S e e oo !
Exanpl e P PrapasaicoMpa&fGa ed@ibgéd withione flamilishizatioh dtttér (REDPAHd per cent
nol ybdenum on silica The procedures of Exanple F were substantially
repeat ed excépimal genducting 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
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utilizing 94 grans of silica. Exanple Q Preparation of 1 weight percent

pal | adi um and 5 wei ght percent nol ybdenum on silica The procedures of
Exanpl e Bveenw/Eaulast antial ly repeated except for utili ziPag/Uu$4009/004186 Of
silica. Exanple R Preparation of 5 weight percent copper and 5 wei ght
percent zirconiumon silica The procedures of Exanple A were substantially
repeat ed except for utilizing a solution of copper nitrate trihydrate (Al fa
Aesar) (19 g) in distilled water (19 m), a solution of zirconiumnitrate
pent ahydrate (23.5 g) in distilledwater (100 m) and 94 granms of silica.
The cat al yst was Flenkeshtcharrie) wiaspquegpat with 4TI and MolsoppiA caluhntdmedn wi t h
zirconium Gas Chronmat ographic (GC) anal ysis of the Products The anal ysis
of the produ‘(y,?ssuﬁﬁgéoﬂléﬁ“% d out by online GC. A three channel conpact GC
equi pped with one flane ionization detector (FID) and 2 thermal conducting
detectors (TCDs) was used to anal yze the reactants and products. The front
channel was equi pgelthmi th an FID and a CP-Sil 5 (20 m) + WaxFFap (5 m)
colum and was usgd.to quantify: Acetal dehyde Et hanol Acetone Met hyl
acetate Vinyl ace yﬁrgg%{ hyl acetate

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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Acetic acid Ethylene glycol diacetate Ethylene glycol Ethylidene diacetate
Par al dehyde The m ddl e channel was equi pped with a TCD and Porabond Q

col um amsowar/usrd to quantify: CO2 Et hyl ene Et haneThePbadls2abamies was
equi pped with a TCD and Ml si eve 5A colum and was used to quantify: Helium
Hydrogen Nitrogen Methane Carbon nonoxide Prior to reactions, the retention
time of the different conponents was determ ned by spiking with individual
conmpounds and the GCs were calibrated either with a calibration gas of

known composition or with Iiquid solutions of known conpositions. This

al | oned t he det erAifemt liqpnd vhs téraprissipessiallpof asesicfaord. tThe reatioodsed

B = T S N A N T e
procedure of;sEXapRdr&alwith 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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In a tubular reactor made of stainless steel, having an internal dianeter
of 30 mm and capabl e of being raised to a controlled tenperature, there are
arranged 0 2lo/mfit4s wei ght percent plati num and 5 wei ghtrCparse@atoaspper on
silica. The length of the catal yst bed after charging was approxi mately
about 70 mm Prior to the reaction the catal yst was reduced in situ by
heating at a rate of 20 mn to a final tenperature of 400C. Then, 5 nol %
hydrogen in nitrogen was introduced to the catal yst chanber at a gas hourly
space velocity (GHSV) of 7500 h 1 . After reduction, the catal yst was

cool ed to redibéern ThepetiatavideoakeRidbO@shHB % ant ¢thyli avgtatenelgaisity waw of 5

mol % hydrogep i n nitrogen. Once the reaction tenperature was stabilized at
2750C t he hy /é)genati on of acetic acid was begun as follows.A feed liquid
was conprised essentially of acetic acid. The reaction feed liquid was
evaporated and charged to the reactor along with hydrogen and heliumas a
carrier gas kxaniplad average conbi ned gas hourly space velocity (GHSV) of

about 1250 hr 1 a erature of abqut 275C and. pressure. of 15 bhar. The
resul ting feed sﬁléea?ﬁtta?gﬁt“é‘?iﬁ%(iiwgs ﬁr&e qﬁ@?’&?&ﬂ&?ﬂ@?%@bﬁ@ &'Glgg‘t PFSfitabout

4. 4% t 0_aboUlobal? of W-Z8M-5hRepiR EinRRESARGceOkitiHRIREQAuES STE 2Rt c14% to
about 77% A portion of the vapor effluent was passed through a gas

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

I i vi I . 5% ' f i.c.acid of
37% Exenpl o 2 T oaPSrORt St Rl A SRR PR reRERAER ana 5

wei ght per cefierdpeleahbined gak hbGidy BFaepacdity (GHSV)bd 20,080 Wt bf thB€eddr ocedur e
of Exanple B. The procedure as set forth in Exanple 1 was substantially

repeat ed!%i t¥iream vk wporicedprateacieandiydregpn dHatwacgdr seidimole Mot of 2, 500
hr 1 of the %‘?Q@Bﬁ%@){&fﬁb@c\éﬂ%wsﬁg ofF ®ht. CA oAV B R tO

acetic acid era
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 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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5) at a tenperature of 2500C and pressure of 8 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 26% an@&Cetusgéosmcasat e
selectivity was 91% Exanple 3 The catalyst utilized was 1 wei ght percent
pal | adi um and 5 wei ght percent cobalt on HZSM5 prepared in accordance
with the procedure of Exanple C. The procedure as set forth in Exanple 1
was substantially repeated with an average conbi ned gas hourly space
velocity (GHSV) of 2,500 hr 1 of the feed stream of the vaporized acetic
aci d and hydExameple6H2 to acetic acid nole ratio of 5) at a tenperature of
25Q0C and pressurg, of 15 bar. ortion of the vapor effluent is passed
through a gas chrﬁ%f%é?’gﬂﬁ‘hﬁ)‘fw%ﬁélvﬁg pgfcef‘ﬁ@cgﬁﬁpgs&e‘gl?t REFEBE £ 1 uent s.
The acetic aﬁb[&bﬁ&ﬂﬂﬁbﬁb%oﬁ@&(gkﬁé’&iﬂ%c&ﬁ&we wigethe pRoR8hRUNIPKaipides 93%
Exanple 4 The catalyst utilized was 1 wei ght percent palladiumand 5 wei ght

percent cobalt on HZSM5 prepared in accordance with the procedure of

Exanpl e The progedure, as_se t hei substantial ly

r epeat ed%wi th an ggleegrgﬁgdu({%%lse&ug%gg}s )ﬁ%nﬁ? 3@%@5&“@%@%&%’%{6‘?&% of

10, 000 hr 1 gferdgecohdirtbdsiat @aimlPhpdch&el@RP(GHSY)AELI00 hat betharded1y dr ogen
(H2 to acetic acid nole ratio of 5) at a tenperature of 2500C and Pressure

of 1 bar. A Perm oftheyanosized agsdic asid anddntdrogen B seacetisagidgnols ratie o

h t i 0 t h The acetic
2e1 d conver STt g BP@ste 5 £k Mg BRAEANT 15bat N8 pBHICHE W yeolhl 20T e
product s f oreffldemss passédheneugh dlgd3%hranatogiaph fied ana Y si3%Y theoomgtcofithd he

catal yst utiljzed 1 i ght percent pal |l adium and 5 wei ght percent
y 10 e ﬂuents.W'?'ISle ace\ﬁ% aglfc]l coFr)wersion wr«Ps A% and ethyf‘ acetate selec ivity%vas

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

15 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 .

20 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%).

25  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

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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nol ybdenum on H-ZSM 5 prepared in accordance with the procedure of Exanple
H The procedure as set forth in Exanple 1 was substantially repeated with
an aver ageEocombiimead gas hourly space velocity (GHSV) of peTAGR0d00M8Of t he
feed stream of the vaporized acetic acid and hydrogen (H2 to acetic acid
nole ratio of 5) at a tenperature of 2500C 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
18% and et hyl acetate selectivity was 93% The ot her products formed were
et hane (4. 3%) andempératot of 25PAantbpaespure of 15tver.cAtpaktyst ofithe vaped was 1

wei ght percent, nickel a 5 i ght _percent | ybdenum on car bon epared in
accor dance ﬁ@ﬁe?ﬂépﬁsﬁ‘ggﬁﬁ?gﬁf abgas %?@gﬁapg%ﬁyea“ﬁfyéEéﬁﬁl?eec%e‘g%?ip‘ﬁ%rt hin
Exanpl e 1 i Seffbsdathe atdii acRIRQAVERion Wik A, aﬂ&ém?pa&wfrma@&iva?avdaow ly
space velocity (GHSV) of 2,500 hr 1 of the feed streamof the Vvaporized
acetic acid &Hd. Ahdotpe prqdutstformeskbwers etlwind (i) end mretlanef1.3%)at a

t enper at U{e of 2500C and pressure of 15 bar. A portion of the vapor
effluent 1s passed through a gas chromatograph for analysis of the contents
of the effl uprdfiplebhe acetic acid conversion was 6% and ethyl acetate
selectivity was 88% The other products forned were ethane (3.3% and

et hanol (4.9% . EXbepatelyst urthiged avea |l yeqighfterqepeppllgdiim anged giershh perscenit
pl ati num on fi ' LR ce. M [ Exampl e J.
The pr ocedur;eheggl%sg? B{a%?afg{gga ﬁégngfr%%ﬂ@gﬁ \g’ltﬁnﬁ%{?rggﬁu% ?@ﬁ)?agnp@gtgéd wi th an
aver age conbi ned gas hourly space velocity (GHSV) of 2,500 hr 1 of the feed
stream of the vaporized acetic acid, and hydraogen $H2, to acetic acid nole
ratio of 10 The procedure as set forth in Example 1 1§ 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%).
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5) at a tenperature of 2500C and pressure of 15 bar. A portion of the vapor
effluent is passed through a gas chronmatograph for analysis of the contents
of the efwbuentm414Fhe acetic acid conversi on was 41% anaCetusgéoonacasat e
selectivity was 88% The other products fornmed were ethane (4.8% and

met hane (1.7% . Exanple 8 The catal yst utilized was the sane catal yst used
in Exanple 7 which was reused in this Exanple 8. The procedure as 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 stream of the vaporized
acetic acid BxamplgdPBgen (H2 to acetic acid nole ratio of5) at a

tenperature of 2500C and pressure of 15 bar. rtion t he vapor
effluent is passegget ?ﬁ%ﬁ@}ﬁn 'ZﬁﬁgaﬁE?’Beﬁalt8§?cgﬂﬁp£%plu§h%££|w ‘%‘f p’frﬁ‘émcont ents
of the effl ugiiohiund BR sitie8 bidpart@iifl a6QINIRICE vath hapratbbRg ERbiple Mcet at e
selectivity was 87% The other products forned were ethane (5% and net hane

( 1.7% . Exanple 9 The catalyst utilized was 1 wei ght percent palladi um and

5 wei ght percent enj on_titani.a. prepa . n.accordance with. the
procedur espof Exarrjip;\l?eep Illg.gggﬂﬁeeaﬁoéregi%%wgéﬁs }{slgl(:ij 1# g‘%qsf?nﬁﬁl?%ggﬁ?}%wmiag _
subst ant i al | yvetdpeeaindihedi dab hatrlpyRicageloey G ASY) 989, S0 wi T wf tiede&i vel ocity
(GHSV) of 2,500 hr 1 of the feed stream of the vaporized acetic acid and

hydr ogen ( H2stieamgfdhe vanogized agsitis aeisk and hydrogen4H: io acetip aeidioele reffo 9500C and
pressure of b oo, u i hrough a gas
chr omat ogr api?%ft g?éné%égﬁt@g‘% éf%S][b ﬁuel& ? ger?%llgrg?) g 1%1%{' h‘g rﬂépﬁ%@ﬁﬁ%?ﬂﬁe acetic
aci d conver s¢ffilnemaspied thnehightayds cheomhatbgraple Fercinalisisyof \Wiscohtdits dittke ot her

9 1.39 . . EX le 10A
product Slof orer}]ﬁgea/tvse.r "?hg gc@%@%lcid(co%l%e/rosio%rwas%???‘%%ln Eé\m;? gce(tate se/l()ectivityavrvql)s ©

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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The catal yst utilized was 1 wei ght percent platinumand 5 wei ght percent
nol ybdenum on carbon prepared in accordance with the procedure of Exanple
L. The prwoedwma4ns set forth in Exanple 1 is substanti @aciryuse@peatied with
an average 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 ratio of 5) at a tenperature of 2500C and pressure of 15 bar. A
portion of the vapor effluent is passed through a gas chromatograph for
anal ysis of the contents of the effluents. The acetic acid conversion was
15% and et hy}) sledtmperasied eft2300C tapd weess88Uf 1 Ther. oA Ipertiqurafdbe vapdror ned wer e

et hane (7. 1%.-and .et han 5,29 . Exanple 1 The catalyst utiliz was 1
wei ght per ce%fpu_ffgllf B@F?fﬁ{hé%%hfaa{%ﬁéEglmrm?}%rééﬁ{orﬁnﬁgﬁﬁioﬁt}eo‘f?né‘?qt? %fgtgﬁr epar ed
i n accor dancgfvedth Theaddtie a8lWoRvarsioXaEPle2%and BehyPAQERE YE1E:1R3ySRds forth
in Exanple 1 is substantially repeated wth an average conbi ned"gas hourly

space vel oci 830 Ghisvthepprogusis formediwert ethagok @8dH %6t andanthanke (2419. vapori zed
acetic acid and hydrogen (H2 to acetic acid nole ratio of 5) at a
tenper at ure of 2500C and pressure of 15 bar. A portion of the vapor

ef fluent is Ppamssid 10Pr ough a gas chromat ograph for analysis of the contents
of the effluents._The acetic acid conversion was_8.3% and et hyl acetate
selectivity was 8hog catdlzstatibiged yavd ieight Percsaioplaiitrun aed havesghtpegept and

et hane (1% . . l. il i r cent

pl ati num and" %H%ﬁtl &I;?grhggﬁfe%g%egﬁér%%ogaﬁc% gﬁﬁlat\ﬁ% é%cgé\ggqﬁqtrlfzx%%@gerﬁdance W th
t he procedure of Exanple N. The procedure as set forth in Exanple 1 is

substantially repeated wjth an average conbi ned _gas hourly space velocity
(GHsv) of? 2, 500 h?ehelpfaf?e Ut s %égoréh 16%&%8%}96%“&)@@%@6@9 withami 4 and

hydrogen (HzJefigR¢Bhibtne@Fal hHRF sfaRE vRloRty (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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5) at a tenperature of 2500C and pressure of 15 bar. A portion of the vapor
effluent is passed through a gas chronmatograph for analysis of the contents
of the efwbuentm414Fhe acetic acid conversi on was 10% anaCetusgéooacasat e
selectivity was 84% The other products forned were acetone (8.4% and

acet al dehyde (7.1% . Exanple 10D The catalyst utilized was 1 wei ght percent
ni ckel and 5 wei ght percent rheniumon titania prepared in accordance with
the procedure of Exanple O The procedure as set forth in Exanple 1 is
substantially repeated with an average conbi ned gas hourly space velocity
(GHSV) of 2, EBgdmpie 10Gof the feed streamof the vaporized acetic acid and

hydr ogen (H to ac cid m)l ra io.qf5 a re of 2500C and
pressure of 15 b f}t‘e gat éﬁ?ttqt’élﬁe Yvaf éﬁ&%’r‘@mw@m r}cija @géﬂerﬁ?ﬂ’tough a gas
chromat ogr apfrdo@fun?Bakiish §re%retdhﬁ aew?aﬁﬁk%wﬂ{thte B?oc%aﬁﬂel&@x 51311@ acetic

acid conversion was 16.2% and ethyl acetate selectivity was 83% The other
products formed were ethanol (10.4% and ethane (29%. Exarrpl e 1CE The

cat al yst ut| lizedwas 1 erce tinum.a ercent

mol ybdenum on si ITl&CaprBF%asg? g%lsqt ° Eglfr:’fﬁg‘?\‘gglﬁ fws{]aﬂﬂﬁf% g"‘i‘fanExarrpl e
P. The pr Oce@éf%eéém%ﬁ{edfgaéhbuﬂlﬁs;@é@%io&t}(GHSS%%&‘Q%'OD'}@“F bytﬂeqp&ﬁt ed with
an average conbined gas hourly space vel ocit of 2,500 hr 1 of the

feed stream Bfeamhy theypanorized acatistac @Gilhidmﬁ@nﬁ ﬁcog@ﬁc(amﬁ melegatén 0L aci d

| bar
glc))rtel gﬁt Icn? ? eai?ééa%Pea}aﬁSJ?%en@%%gd%?gH u rlg@gﬁ% gorne ?’ré"?pgéraphAf or

anal ysi s of éfﬂ&elﬁQmpa%@écﬁth@dugﬁﬂhega‘%fchfdiﬁd’tbgrapﬂ_ﬂﬁ a@@l@'&isfbf@% Ebn€ARY/ ST thE ON Was
14. 3% and ethyl acetate selectivity was 82.4% The other products forned

wer e et hihe ¢BUeYs hhriacstip gpid) copsersipm, w%@a@d tthyl 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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The catal yst utilized was 1 wei ght percent palladiumand 5 wei ght percent
nol ybdenum on silica prepared in accordance with the procedure of Exanple
Q The prwoaduwm4ms set forth in Exanple 1 is substanti aciryuseepoadied with
an average conbi ned gas hourly space velocity (GHSV) of 2,500 hr 1 of the
feed stream of the vaporized acetic acid and hydrogen (H to acetic acid
nole ratio of 5) at a tenperature of 2500C and pressure of 15 bar. A
portion of the vapor effluent is passed through a gas chromatograph for
anal ysis of the contents of the effluents. The acetic acid conversion was
9.8% and ethyl acetate selectivity was 82% The other products formed were
et hanol (8.3% and ne (3.5% . Exanple 10G The catal yst utilized was 5
wei ght percel’n‘t"sSd‘éiff)i")’(‘?:igl d A5PoRtip et t ‘fa@@h?fﬂi‘F‘Ptdéﬁ?ﬁﬁﬁ?gﬁo‘égh?&% prepared in

accor dance. WeiirdmafdBrdbhX6 a1 i 05t (¥ 8BRS B nENINRERE MY RcfiE o881 TOMLN TN

Exanple 1 is substantially repeated with an average conbi ned gas hourly
space vel oci ¢conveSHBMp 26%0 éhd>lyllacethtecklectieity msetb%.t r eam of t he vapori zed
acetic acjd and hydrogen (H2 to acetic acid nole ratio of 5) at a
terrperatusre of 2500C and pressure of 15 bar. A portion of the vapor
effluent is pagaged 1bhrough a gas chromatograph for analysis of the contents
of the effluents. The acetic acid conversion was 2.2% and ethyl acetate

sel ectivity was 8Thaogtalysteutidizedwapid ovkightpefasnhpldtiownm ené S hvemght(8r@% and

t al dehyd 00 . Exanple 10H T t t ilized i ght t
copper and sraBeakaRR ke Btba dnean et aihbe AEPel o EXEBPRECe v th
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) of0 2, 500 hihapioredysie as s dorsh inelaxanaple tl e suhstpotinte tepgeted withani d and

hydrogen at Q\/&fé&%ﬁﬁ)tirlfgdegagfhogéﬂ}%cgr\]/glocity (GHSV) 0f 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
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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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 conweo2mm1islis25% and et hyl acetate sel ectivity i sPpabastooghésiseExanpl e
101 The catalyst utilized was 5 wei ght percent Ml ybdenum Carbi de (MdC2) on
H gh Purity Low Surface Area Silica prepared in accordance with the
procedure of Exanple E. The procedure as 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 stream of the vaporized acetic acid and
hydr ogen at abovempesmicatien with 25D karalpdesd Detaitet Déschption, heporti on of the
vapor effluent is passed throygh a gas chramat ograph for analysis af the
contents of ‘?‘ﬁ%lo%? 51?}2‘?4%‘5}.‘ a‘ﬁﬁip ‘38%‘?’8@&&}?"66‘53’%\@{65‘?"6& ﬁghﬁ%&séh@‘oé‘tlﬁyl
acet ate sel egdeiédtunnb&esdrye Exanple 1QJ The catalyst utilized was 1 weight
percent platinumand 5 wei ght percent nol ybdenumon titania prepared in
accordance with the procedure of Exanple F. The procedure as 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 stream of the vaporized
acetic acid and hydrogen at a tenperature of 2500C 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 is
about 50% and ethyl acetate selectivity is 85% Exanple 10K The cat al yst
utilized was 1 wei ght percent palladiumon silica prepared in accordance
with the procedure of Exanple G

35



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
st ream ofwOheiwapasi zed acetic acid and hydrogen at a tecparsatnnes18é 2500C
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 is about 65% and ethyl acetate selectivity is 85% Wile

the invention has been illustrated in connection with particul ar exanpl es,
nodi fications to these exanples within the spirit and scope of the
i nventi on wi WHAE IS €ANIMERpPparent to those of skill in the art. In view of

the foregoing di scussion, rel eva‘ﬂéitrkn(%w{ edge i.n e art _.and references

, | t
di scussedabo eAHTOEBSﬁ_rf%rcﬁqle&H"W? _ et Pé’éﬁﬂ‘ygﬁ?ft%lﬁ'&m ¥§pasdr i pti on,
Lhe discl osur egofibridhisCBomtadid!d b SOERPEEHNEIEICaAY ahghgurBREear f ur ther
description is deenmed unnecessary. WHAT | S CLAIMED I'S: 1. A process for
sel ective and dheksatefltemperature with atshithblabgdmgenating watabyst cantaioing at
conprising: contacting a fee re cont ai ni. aceti.c,acid and hydrogen at
an Bl evated t ol AT gefe s TR A FBuR P gDt ek Ay B Rt ai mi ng
at |east one mphBdigfla86beRadtiRBNdIA Gleeitn FFomflolideau@f rhRiel . Pl atinum
and pal | adi um and at |east one nmetal selected from nol ybdenum rheni um
zi rconi um coppEroring, eerpar andenhelisuppprind an asMitablglcatabyst support willpgsrt wit h
the proviso that platinum may bhe . used. wi.t hout l.ybdenum. rheni u
21 rooni um - coppurs aCh i ma aiREFL M ho R BaEE M BRIy ¢ her
i ncl udes one Olkcoppyr@r a6kt hnwherdhi thk calyat ¥stichal g f@eie thdllidohber gr oup
consi sting of ruthenium iridium chrom un}r tin, tungsten, vanadi um and
zinc. 2.10The prsyesddifierdmntdlgatalysty selepted fromdhegroup Rensidinglofst support s
sel ected from thge ahouRiGAISLRbMA An, HifSMnSvariilnf fhd Ahm na,

silica-al um na,

2. The process according to Claim 1, wherein the catalyst support is selected
from the group consisting of H-ZSM-5, silica, alumina, silica-alumina,
15 calcium silicate, carbon, zirconia, titania and a mixture thereof.

3. The process according to Claim 2, wherein the catalyst support is silica.

4. The process according to Claim 3, wherein the catalyst support is high purity

20 silica.

5. The process according to Claim 2, wherein the catalyst support is H-ZSM-5.

6. The process according to Claim 2, wherein the catalyst support is carbon.

25
7. The process according to Claim 6, wherein the catalyst support is graphite.
8. The process according to Claim 7, wherein the catalyst support is high surface
area graphitized carbon.
30
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calciumsilicate, carbon, zirconia, titania and a m xture thereof. 3. The
process according to Claim2, wherein the catal yst support is silica. 4.
The procewe 2amoasdisng to Cl aim 3, wherein the catal yst ®opseaviossi8é gh
purity silica. 5. The process according to Caim2, wherein the catalyst
support is HZSM5. 6. The process according to Caim2, wherein the

catal yst support is carbon. 7. The process according to Caim6, wherein
the catal yst support is graphite. 8. The process according to Claim?7,
wherein the catal yst support is high surface area graphitized carbon.9. The
process acco09.diThg pkacess aicording whElagn N, Wheretathalkeytalysssuypporticontaintsai ns a

conbi nation of platinumand copper at a Pt/ Cu weight ratio in the range of
about 0.1 to 1.°°Tg!na‘i‘ﬂéof3P]GEé'§§ agd coprer aha PECawgightgati erEEReE | oadi ng
of platinumis,ghayti R p weight percent and the |oading of copper is about
2.5 weight percent and the catal yst support is silica, graphite,
silica-alumna or zirconia. 11. The process according to Caim,9, wherein
t he | oadi ng | ati numis about 1. weight percent.. an he | oadi ng of copper
< about 5oubt dfe Phetteiareoufie s Parperehoh S & iR Pdon ¢ o

si | ica-al umna ngéi'tgﬁﬁﬁﬁ?&&t and the TH&IIRE BEEPpePARGDBOEI 1Y WelpHepaicehtlandwher ei n
the catal yst support contains a conbination of palladiumand cobalt at a

Pd/ Co wei ght r she @utalystishppartisgdicef graplute, silica-atumina ot 3ircofie pr ocess
according to Caim12, wherein the | oading of palladiumis about 1 weight
percent and the | oading of cobalt is about 5 weight percent and the

cat al yst suppRThe ipfodesZNbRlingiol Claan 9IWASRIH e |SHdingCer PAtHTINA, abshif £ONI @,
titania or iron oxide. ) ) )
10 weight percent and the loading of copper is about 5 weight percent and the

catalyst support is silica, graphite, silica-alumina or zirconia.

12. The process according to Claim 1, wherein the catalyst support contains a
combination of palladium and cobalt at a Pd/Co weight ratio in the range of

15 about 0.1 to 1.

13. The process according to Claim 12, wherein the loading of palladium is about
1 weight percent and the loading of cobalt is about 5 weight percent and the
catalyst support is H-ZSM-5, silica, graphite, silica-alumina, zirconia, titania

20 or iron oxide.

14. The process according to Claim 1, wherein the selectivity to ethyl acetate

based on acetic acid consumed is at least 60 percent.

25 15. The process according to Claim 1, wherein the selectivity to ethyl acetate

based on acetic acid consumed is greater than 85 percent.
16. The process according to Claim 1, wherein the selectivity to ethyl acetate

. based on acetic acid consumed is 87.5 percent or greater.

30
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14. The process according to Caim1l, wherein the selectivity to ethyl
acetate based on acetic acid consuned is at |east 60 percent. 15. The
process awoantimgi4so Claim 1l, wherein the selectivity tecetusgdoomacasat e
based on acetic acid consunmed is greater than 85 percent. 16. The process
according to Claim1l, wherein the selectivity to ethyl acetate based on
acetic acid consuned is 87.5 percent or greater.17. The process according
to Claim1, wherein the selectivity to ethyl acetate based on acetic acid
consuned is 90 percent or greater. 18. The process according to Caim1l,
wherein the rﬂychegpmssi acotdingtorylaindewherein the selectivdy towthyil acdtite vapor
phase and at a erature.in the ranﬁgpof about 2000C to 3000C. 19. The

process accordl B aeetis A5id sonsymsdds RO pRrser g5 at i on to ethyl acetate

is carried out |n t he vapor phase and at a tenperature in the range of
about 2250C to 2750C. 20. The process according to Caim18, wherein said
f eed stream boihaipnecessadcarling wallained, ghsreinzthe hYdl@gpmabioest,e edwbmqtﬁtng to
Claim 18, wherein the reactants oo nS|s§ acetic aci,d and qﬁ en with a
ol o 1% o1 n LR Sle Asd RaRs 674 aft e Hpettredh e B PERRGRE or "t ho
reacti on zone bgoithtotIngec.ange of about 2000C to 3000C, and the pressure of
the reaction zone is in the range of about 5 to 25 atnospheres absol ute.
22. The process according to Clain118 wherein the reactants consist of

acetic acid 1891@1' goc% e&c I‘dtl In‘?rlSr\%ﬁergm tHe}x T ggnagi%n?o ) élce ajf 20 to
o {He PRELTEHES

1:2, the tenpera re ion zoné rs 1n range o 250C to
2750C, and t he ipcRGelI6@ 1ﬁ’ihd\l‘h©ofph7&élaﬁdilat2@f¢ﬁ1peﬁatuﬂ& ih fte xraag@efzw‘ouabout 8 to

20 atnDsPheres
0 225°C to 275°C.

20. The process according to Claim 18, wherein said feed stream contains an inert

carrier gas.

15 21. The process according to Claim 18, 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°C to 300°C, and
the pressure of the reaction zone is in the range of about 5 to 25 atmospheres
absolute.

20

22. The process according to Claim 18, wherein the reactants consist of acetic acid
and hydrogen with a molar ratio in the range of about 1:20 to 1:2, the
temperature of the reaction zone is in the range of about 225°C to 275°C, and
the pressure of the reaction zone is in the range of about 8 to 20 atmospheres

25 absolute.

23. 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

30 about 0.5 weight percent to about 1 weight percent of platinum or palladium
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absol ute. 23. A process for selective and direct formation of ethyl acetate
fromacetic acid conprising: contacting a feed stream containing acetic
aci d and wodnogami4at an el evated tenperature with a sui rablus2éwdoagenat i ng
catal yst containing about 0.5 wei ght percent to about 1 weight percent of
pl ati num or pall adi umand 2.5 wei ght percent to about 5 wei ght percent of
copper or cobalt on a suitable catal yst support. 24. The process according
to Caim23, wherein the catal yst support contains platinumat a | oading

| evel of about one (1) weight percent and copper at a |oading | evel of
about five (5) anéRghweigbt peecent &nabaulh & veaglalpgriensefigoppér orsobalk boa. 25. The
process according.to Claim?23, wherein the catal yst support contains

pal | adi um at aSP FRjalyshSUPPYE about one (1) wei ght percent and cobalt at
a loading | evel of about five (5) weight percent and the catal yst support
is silica or HZSM 5. 26. The process according to Caim 23, wherein the
react ant s coXsilde podcescacoulimg fodClamd 2By ehargmrthevcathlyst suppant comting i n t he

range of about 1:20 t :5.. the tenperature of.the reacti.on zone is in the
range of “about p%%‘ﬁ@ %8]]932436%&"8 %E%Bt ?ﬂ‘ee@w’rehgthéperf’ﬁ‘g and SePPER 30ne is are
in the range ofioabgUevd drabe@ farer‘(@we%]heﬁ?aaﬁ%a% catdlyst S0SpdH RGARA.

according to Claiml, wherein the catalyst is chosen froma binetallic
conbi nati on of nickel /ol ybdenum (Ni /M), palladi um nol ybdenum (Pd/ Mo) or

pl ati nuni nol num (Pt /ND)..su rted,on H ZSM 5 ilica or carbon. 28. The

process accoérlsgﬁﬁla%fooc%(s: é’flcﬂ%)di@g, %@%?%’ ‘é’%?ramgg/% 8?t§1§'§t Siugp%f? BPMEYSI 1 ¢

conbi nation of pallauirghit a peddegilevélioflabbutang () weigBhperfdit afdMtobud athdenum (- 1
10 loading level of about five (5) weight percent and the catalyst support is silica

or H-ZSM-5.

26. The process according to Claim 23, wherein the reactants consist of acetic acid
and hydrogen with a molar ratio in the range of about 1:20 to 1:5, the
15 temperature of the reaction zone is in the range of about 225°C to 275°C, and
the pressure of the reaction zone is are in the range of about 8 to 20

atmospheres absolute.

27. The process according to Claim 1, wherein the catalyst is chosen from a
20 bimetallic combination of nickel/molybdenum (Ni/Mo),
palladium/molybdenum (Pd/Mo) or platinum/molybdenum (Pt/Mo) supported

on H-ZSM-5, silica or carbon.

28. The process according to claim 27, wherein said catalyst is a bimetallic
25 combination of 1 weight percent nickel and 5 weight percent molybdenum (1

wi% Ni/5 wt% Mo) supported on carbon.

29. The process according to claim 27, wherein said catalyst is a bimetallic
combination of 1 weight percent palladium and 5 weight percent molybdenum

30 (1 wt% Pd/5 wt% Mo) supported on H-ZSM-5 or silica.
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W% N /5 wt % Mb) supported on carbon. 29. The process according to claim
27, wherein said catalyst is a binetallic conbination of 1 weight percent
pal | adi unwanrdi®iwesght percent nol ybdenum (1 wt % Pd/ 5 wC¥UsR)09sapert ed on
H ZSM5 or silica.30. The process according to claim 27, wherein said
catalyst is a binmetallic conbination of 1 weight percent platinumand 5

wei ght percent nolybdenum ( 1 wt% Pt/5 wt % M) supported on silica or
carbon. 31. The process according to claim1l, wherein the catalyst is 1

wei ght percent platinum supported on titania. 32. The process according to
Claiml1, V\hei(biTrlnelphEesaacabyﬁmg fosclaihorwhergmsaidiviatabtsalsl d bimeaii nat i on of

ni ckel / r heni um al. l.adi unt r enlums orted on titani,a. 33. The
process accor dic ‘%W 8hn ht\)?/ﬁ'égfgﬁﬂ %?g”fey@tt pricent molybdeym

conbi nati on of (ﬂm}gjstwpgm@rﬁl PorédEdn ﬁn@h&m&ht percent rhenium( 1 wt%
Ni/5 wt% Re) supported on titania. 34. The process according to claim 32,

wherein said catalyst is a b| rret allic conbl nati on of 1 weight percent

pal | adi ump a er cg enl m %0 P % R su orted on
titania. rpBSnﬁAEFB\réeces?%S ol s%q ?iu\r}]ePa it \r,\féc?atéﬂ ?ﬁr}\éﬁ iGhe 1pe acet at e

fromacetic aCIpthtﬁaQﬁWuppd)MorC@ﬂahﬁCtl ng a feed stream cont ai ni ng aceti C
acid and hydrogen at an el evated tenperature with a suitable hydrogenating
catal yst cont ai ni ng about 0.5 weight percent to about 1 wei ght per cent of

pal | adi um a b [ rheniumon a
suitabl e cata yst p\é@e@ﬁcc@%&:‘é@e @%ﬂdﬂn ?b@gérgﬁlatﬁgog%fyspg gg% §5 wherein
the catal yst s lbppﬂﬁ]ﬂw@@ﬁib&ialﬂ%n of mckel/rhemum (Ni/Re) or palladlum/rhenlum

10 supported on titania.

33. The process according to claim 32, wherein said catalyst is a bimetallic
combination of 1 weight percent nickel and 5 weight percent rhenium (1 wt%
Ni/5 wt% Re) supported on titania.
15
34. The process according to claim 32, wherein said catalyst is a bimetallic
combination of 1 weight percent palladium and 5 weight percent rhenium (1

wt% Pd/5 wt% Re) supported on titania.

20  35. 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 weight percent of rhenium on a suitable catalyst

25 support.

36. The process according to Claim 35, wherein 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

30 titania.
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pal |l adium at a | oading | evel of about one (1) weight percent and rheni um at
a loading | evel of about five (5) weight percent and the catal yst support
is titaniw02610/0I5pr ocess according to C aim 35, wherePaTiuseomwaaasant s
consi st of acetic acid and hydrogen with a nolar ratio in the range of
about 1:10 to 1:5, the tenperature of the reaction zone is in the range of
about 2250C to 2750C, and the pressure of the reaction zone is in the range
of about 10 to 20 atnospheres absol ute.

37. The process according to Claim 35, wherein 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 the reaction zone is in the range of about 225°C to 275°C, and
the pressure of the reaction zone is in the range of about 10 to 20 atmospheres

5 absolute,
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