WO 2011/ 053367PCT/ US2010/ 022953 CATALYSTS FOR MAKI NG ETHYL ACETATE FROM
ACETIC ACID PRRORITY CLAIM [0001] This application clains priority to U.S.
Appl i cat iwo 2blumiseze712/ 588, 727, filed Cctober 26, 2009, enotiusk@d/oibanabl e
Cat al yst Gas Phase Hydrogenation of Carboxylic Acids,” the entirety of
which is incorporated herein by reference. FIELD OF THE | NVENTI ON [ 0002]
The present invention relates generally to catal ysts and processes for

maki ng catal ysts for use in processes for hydrogenating acetic acid to form
ethyl acetate or a m xture ofATAIYWSESFOR MAKING! hanol, the catal ysts

havi ng high selectivities for ethyl acetate. BACKGROUND OF THE | NVENTI ON
[0003] There is a | ong EEBYINALEFATERRQMALEHIG ACID; ap) e catal ysts and
processes for converting acetic acid to ethyl acetate. Ethyl acetate is an
i mportant commodity feedstock for a variety of industrial products and is
al so used as an industrial sol veRIORITIYhELA#BMuf act ure of various chemi cal s.

For in e,~ethyl. acetat.e can readi ly be . converted tQ ethylene b
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f eedst ocks where price fluctuations are becomng nore si‘gnificant. That is,
f | uct ugnigesy %%W@Pglls igegrpenatbddretrie bpir¢feysneces contribute to fluctuations in
the cost of conventionally produced, petroleumor natural gas-sourced ethyl
acetate, making the need for alternative sources of ethyl acetate all the

greater when oil prices riseFIEOO@H THEMANVENTRNNOt her inmportant commodity
chem ca| ich may be used in its ow right, for exanple as a fuel, or as
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Pat ent abigate 2né 6thaBl/thdicatlyesdmvingdtiglesdicniolties dor dileylfacstaled from acetic acid
over a ruthenium catal yst at extrenely high pressures of 700-950 bar in
order to achieve yields of around 88% whereas |ow yields of WO

2011/ 053367PCT/ US2010/ 023988keRYURPPEF THRYVENGRORI ned at pressures of
about 200 bar. However such extrene reaction conditions are unacceptable
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for exanple, United States Patent No. 4,517,391 to Shuster et al.
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 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.

[0004] Ethanol is another important commodity chemical, which may be used in its own
right, for example as a fuel, or as a feedstock for forming ethylene, vinyl acetate, ethyl acetate,
or other chemical products. The hydrogenation of carboxylic acids over heterogeneous
catalysts to produce alcohols is well reported. For instance, United States Patent No. 2,607,807
discloses that ethanol can be formed from acetic acid over a ruthenium catalyst at extremely

high pressures of 700-950 bar in order to achieve yields of around 88%, whereas low yields of



[ 0006] On the other hand, United States Patent No. 5,149,680 to Kitson et
al . describes a process for the catal ytic hydrogenation of carboxylic acids
and t hei rwanthydsddes to al cohol s and/ or esters utili zi n@Ca/ysh@vioezsss gr oup
netal alloy catalyst. The catalyst is conprised of an alloy of at |east one
noble nmetal of Goup VIII of the Periodic Table and at |east one netal
capable of alloying with the Goup VIII noble netal, adm xed with a
conponent conprising at |east one of the netals rhenium tungsten or
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al um num oxi des and m xtures thereof. The first nmetal nay be selected from
the group consisting of Goup IB, IIByIIIB, 1VB, VB, VIB, VIIB, or VIl
transitional netal, a |anthanide netal, an actinide netal or a netal from
any of Goups II1A [IVA VA or VIA In anther enbodi nent, the first netal
is selected fromthe group consisting of copper, iron, cobalt, nickel,

rut henium rhodium palladium osmum iridium platinum titanium zinc,
chromium rhenium nolybdenum and tungsten. In addition, the catal yst may
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[0014] In one enbodi nent, the support is present in an anmount of 25 wt.%to
99 wt.% based on the total weight of the catalyst and is selected fromthe
group corsD2iwmF3B7 i ron oxide, silica, alum na, silicafarorsemas22963t ani a,
zirconi a, magnesium oxi de, calciumsilicate, carbon, graphite, high surface
area graphitized carbon, activated carbons, and m xtures thereof. As one
option, the catalyst may conprise at | east one support nodifier selected
fromthe group consisting of (i) alkaline earth netal oxides, (ii) alkali
net al  axdtete$and(dptiohal®yt &BAroNEat e stéldmpi?l» uﬂﬁ% Asioré 6@nBical cathlysd kalie et al
net asi | i cates, Vﬁ) Goup JIB netal oxides, (vi) Goup JIB net al

net asi Misigigag the formatmgmefndesipbledhyprodigisdes, (viii) Goup I11B netal
netasilicates, and m xtures thereof preferably being CaSi G3. |In another
option the support nodifier is selected fromthe group consisting of oxides
of Group IVB netals, oxideSUMMARYIPFVEIRENFENTION des of G oup VIB netals,
iron OE‘B@?’? r@Iﬂum’ num oxi des and mi xtures thereof. As yet _another qption,
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[0022] FIG 1Cis a graph of the conversion of the acetic acid of the
catalyst of FIG 1A; [0023] FIG 2A is a graph of the selectivity to

et hanol aw0 2etigB3cacet at e using a Si 02-Reri Pdi, catal ysPCT[US0®4j025585. 2B i s
a graph of the productivity to ethanol and ethyl acetate of the catalyst of
FIG 2A; [0025] FIG 2Cis a graph of the conversion of the acetic acid of
the catalyst of FIG 2A; [0026] FIG 3 is a graph of the activity of a
catal yst conpared to the productivity of the catalyst to a m xture of ethyl
acet at qingsdn glalladiah, gtaumhl Rithah @Ak Ak 5 g8 riithBsiufd rRRfng o apgnt  of
the invention; and 027; FIG 4 is a graph of the activity of a cataly
conpar Bigkele Prefarably, dhefirgi mgtabis presentdaen japount fsom Ond Wtzﬁr@t%fb@pﬁyn thecet at e
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acetate may be represented by the follow ng aci I on
third metal different from the first and second metals and being selected from the group

consisting of cobalt, palladium, ruthenium, copper, zinc, platinum, tin, and rhenium. The third
metal may be present in an amount of 0.05 and 4 wt.%, based on the total weight of the
catalyst.

[0013] As noted above, the catalysts may, generally, be suitable for use as a hydrogenation
catalyst in converting acetic acid to ethyl acetate and at least 10% of the acetic acid may be
converted during hydrogenation. Also, the hydrogenation may be performed in a vapor phase
at a temperature of from 125°C to 350°C, a pressure of 10 KPa to 3000 KPa, and a hydrogen to
acetic acid mole ratio of greater than 4:1. In addition, the catalysts may have a selectivity to
ethyl acetate of greater than 40%, e.g., greater than 50%, and a selectivity to methane, ethane,
and carbon dioxide of less than 4%. In one embodiment, the catalyst has a productivity that
decreases less than 6% per 100 hours of catalyst usage.

[0014] In one embodiment, the support is present in an amount of 25 wt.% to 99 wt.%, based
on the total weight of the catalyst and is selected from the group consisting of iron oxide, silica,
alumina, silica/aluminas, titania, zirconia, magnesium oxide, calcium silicate; carbon, graphite,
high surface area graphitized carbon, activated carbons, and mixtures thereof. As one option,
the catalyst may comprise at least one support modifier selected from the group consisting of
(1) alkaline earth metal oxides, (ii) alkali metal oxides, (iii) alkaline earth metal metasilicates,
(iv) alkali metal metasilicates, (v) Group IIB metal oxides, (vi) Group IIB metal metasilicates,
(vii) Group IIIB metal oxides, (viii) Group IIIB metal metasilicates, and mixtures thereof
preferably being CaSiOs. In another option the support modifier is selected from the group
consisting of oxides of Group IVB metals, oxides of Group VB metals, oxides of Group VIB
metals, iron oxides, aluminum oxides and mixtures thereof. As yet another option, the support

modifier may be selected from the group consisting of WO3, MoO3, Fe;03, Cry03, TiO», ZrO,,
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Nb;Os, TayOs, and Al;03. The support modifier may be present in an amount of 0.1 wt.% to 50
wt.%, based on the total weight of the catalyst.

[0015] In addition to the catalyst, the present invention also relates to process for preparing a
catalyst, comprising (a) contacting a first metal precursor to a first metal with a support,
wherein the first metal is selected from the group consisting of nickel, palladium and platinum;
(b) contacting a second metal precursor to a second metal with the support, wherein the second
metal is selected from the group consisting of molybdenum, rhenium, zirconium, copper,
cobalt, tin, and zinc; and (c) heating the support under conditions effective to reduce the first
metal and the second metal and form the catalyst, wherein the catalyst comprises the first metal
in an amount greater than 1 wt%, based on the total weight of the catalyst.

[0016] In another embodiment, the present invention relates to a process for preparing a
catalyst, comprising (a) contacting a first metal precursor to a first metal with a support,
wherein the first metal is selected from the group consisting of nickel and palladium; (b)
contacting a second metal precursor to a second metal with the support, wherein the second
metal is selected from the group consisting of tin and zinc; and (c) heating the support under
conditions effective to reduce the first metal and the second metal and form the catalyst.

[0017] In yet another embodiment, the present invention relates to a process for preparing a
catalyst, the process comprising the steps of (a) contacting a first metal precursor to a first
metal with a modified support comprising at least one support modifier selected from the group
of oxides of Group IVB metals, oxides of Group VB metals, oxides of Group VIB metals, iron
oxides, aluminum oxides and mixtures thereof; and (b) heating the modified support under
conditions effective to reduce the first metal and form the catalyst, wherein the catalyst has a
selectivity to ethyl acetate of greater than 40%. Preferably, the process further comprises the
steps of (¢) contacting the at least one support modifier or a precursor thereof with a support
material to form a modified support precursor; and (d) heating the modified support precursor
under conditions effective to form the modified support.

[0018] Preferably, the heating occurs between steps (a) and (b) to reduce the first metal

and/or after steps (a) and (b) to reduce the second metal. Optionally, step (b) occurs before step

(a).



WO 2011/ 053367PCT/ US2010/ 022953 Dependi ng on the catal yst and process
condi ti ons enpl oyed, the hydrogenation reaction may produce ethanol in
addi ti on wo 2etingB3cacet at e. Enbodi nents of the present i RCENtSR@N/022953
beneficially may be used in industrial applications to produce ethyl
acetate and/or ethanol on an econom cally feasible scale. [0030] Typically,
the catalyst will conprises a first netal and optionally one or nore of a
second netal, a third nmetal, and optionally additional nmetals. The one or
more netals preferably apRifi PISKGHPITOR GLPRAWINEYCh as silica or
titania. In a first enbodinent, the catal yst includes a high | oading of
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first nP al., the catalyst of the invention optionally further conprises one

or nor8& mVeRHAl NG metal, a third metal or additional metals. In this
context, the nunerical ternms "first," "second," "third," etc., when used to
nodify the word "netal ,"” are nmeant to indicate that the respective netals

are different from odeEBABIHIR DESGRIBTEGNQLE THEINSEENAONet al preferably is
sel ect foromthe group consisting of nolybdenum rhenium zirconium
copperfﬁ%—’g—g%‘%l% tin, and zinc. Mre preferably, the second netal is
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a pl a??l %gﬁélf%@crgﬁ%féﬁ%c%%%s ?%%&%ha%/h%gé%gﬁg?%er ed to be the main netal
and ti[0028)y Okebpdopeimtion of hetipracidud €ornnethgl acefaty may by sipraspnted by ke pr esent
specif% tion refers to the first metal as the primary catalyst and the
second Oﬁgt“é?gfe&ﬁbonopti onal netals) as the promoter(s). This should not be
taken as an indication of the underlying mechanismof the catalytic
activity. [Q035] |in the firstHgenbodi ment, ]when the catal yst includes two or
nor e metals,2 e.g.j a first—metal»and a seeond nehal , ther fizgjo netal
optionally i ?H S in the catal ystcHyn an\emﬁunt\f;,qsom 1tol0Owm.% e.qg.,
from1.2 to 5" wt.% oP*rom1.5 to 3 w.% The second netal optionally is
present in an anmount fromO.1 and 20 wt.% e.g., fromO0.1 to 10 wt.% or
from0.1 to 5 w.% For catalysts conprising two or nore netals, the two or
nore netals may be all oyed with one another or may conprise a non-alloyed
metal solution or mxture. 6




[ 0036] The preferred netal ratios may vary sonewhat depending on the netals
used in the catalyst. In sonme enbodinents, the nole ratio of the first

netal to wbeos@ssssd netal is from10:1 to 1:10, e.g., fPromus2dione29ts 4, from
2:1to 1:2, from1.5:1 to 1:1.5 or from1l.1:1 to 1:1.1. [0037] Molar ratios
other than 1:1 may be preferred depending on the conposition of the

catal yst enployed. It has now surprisingly and unexpectedly been

di scovered, for exanple, that for platinumtin catalysts, platinumto tin
Mol ar  DRpéling 68 tetchRfysDall frobess QondHiGRIiploRANHR 1 dRbodnAoR rBibh Gyar | y
preferred in order to formethyl acetate fromacetic acid at high

sel ect Piaduge ethanpl dn additiomtortiyyl geelate; Fmbpdimentspldhp presentiimsntionbeneficialy 1C.
Mb h
0.7+ o gy e n infuiabflicsRbpOto o MsE A adeh0 o BPedarl g 0 08 °1, 1 180

et hyl aoc&toaﬁeallyefyadﬂde’swié her i nproved by i ncor por ating nodified supports as

descri e 1/ 053367PCT/ US2010/ 0 3 [0038] - Wth
r heni uﬁq‘*ﬂ%gF &f}mfﬁtlﬁv% ¥ WillcompaiiFs 4% f °Pt§’Ba HENSeE mprefar 1 ed
r heni ugd,Qd B?ététa@thﬂ@rﬂaalaand @ﬁtioﬂﬁll% thdl{l&tam%t@tmé oxﬁcCc%?&r@ nlefald €r ms of

sel ectivity, conversion and production are | ess than 0.7:0.3 or greater
t han Op8#erablyHre disprsed en raesdpml Pacly axtsilcafop ttltqmna)dmaiitgt @nlqulmamteﬂaat e in the

presen faR/P .C aI f 0208 selectivity
oot nyfiaseuPaiies EER Lt ofatekel BRI ESy PkBuPydp distonsdntiorirat dippor
as desgithRebongrRbda fitdBRedl sélecte@t;oﬂi WIS s.na\baradhh@ afPh VAl nfeRITBEILGES @
third nmetal, the third metal may be selected fromany of the nmetals |isted
above framcémattingning tirdembogimest, the cajalygirmempsises onesys naspgesals ema t hir d

nmet al ffer rst Lr spects,
the thi Ep(?%ht gth%?éegsne ?Qg v\[drhoa?lh ﬁf‘ g’ﬁﬁq‘g%d}n@%rz‘t ?artaéoo §‘% Hoggbegl adi um
r ut henhasmove begadiscozérrd thap tledse aamlnysﬁdompoamldns feprisingly bbd engxpeétediglehy be t he
third t al sel ect ed {qﬁom cobal t, aI |.adi um and rufhenium V\hen t he
third at ?i tofessgleftive éhecfatta@%to cHmp asstate orptiopalieingompigasiop Witles t he
third ggtgd in an anmount fromO0.05 and 4 wt.% e.g., from0.1 to 3 w.% or
from0.1to 2 w.% [0040] In addition to the netal, the catalysts of the
first Sndotdoarkmt Nidkel, Beﬂad:md?@tmum(bgtdwkts opti onally a nodified support.

As w | Ci at t hose of .ordinar in the art part
ot ot 1B9L7 PG Sr B oo, 160 dropidh 40 aryab ta dnroSe HaorangRREL | ve,
sel ect hiéﬁelaPﬂla{dﬁQH of puﬁﬂaﬁ at Hi%h@x'ié?ﬂ%aﬁh&g%n %t bﬁﬂﬁpl@ RE M8t RAy td?ﬁpnse a
formation of eth acetate or a m xture of hyl "acetate and €t hanol

Sui t abfest mo‘ﬁl@ctnétf@m the gronpyconpistingief, mclcsﬂ, paidadtpme andsplatyhem mataaupport in

uch: adt 3gpn BEREfall %% A0 CGPREERat LIRRL bRl T oG oRon =

l'i i t atlieattal eipht Ofthel €ataBksl. | Toterrad oiffanges, telahbahbbUuht fias metaltoﬁnh@support
zirconi a,. magnesi um oxi de, calciumsilicate, carbon, graphite, high surface

area gPESHAPY AR oM} 1979 W p-gaiiom EArtodaavt Yard fian{ Gruetnd 8686 Extenpl ary
refer

g ili ca;) %8?#%2% |§tae21]ﬁls%% f%ng&glu%geg%%%ﬁée&tuot a ngl\gl%gké@o@ft bea S%du%lb%lrﬁ t in

t he catcaalnghtbheseujalost mdtedmgmwtalmdgthppootf the catal yst, preferably is from

25 w9 9 30vvt oto 98.5 O/ or from 35 % tqQ 98 wt %
[ 0041] (0087 onbe Meidicsdn ok eaiPly may E.Bt%?rttl SPIOL PRS QAR SRE Chor ©)
si | i capzpilesRBortadioRthote PRI BRdesli m@u@% oBRAY i Rin P e @elgﬁtrb%téem &f m@bout

0.562 g/m, in absorptivity of about '0.583 g H20/g sUpport, a surface area
of abouetal@pinthe eaalyste the, weiglt of apy orygenl thatds béunsliso dhe me@Blsngmcged iDa

compr i BUZ BrebHet et e BiRE Bttt R PO aFRREL AR - YRR ORE St o

of sil ietl cémbtlﬁ/p@dtmmm@t,ls pre@reddahatlthe Sdtllll}'@tafoﬁlp‘iﬂdmhaﬁla‘ﬁﬁhﬁ' iH&h amount
netasilicate, enic silica, high purity silica and m xtures thereof. In

one en8at eﬁﬁ’f‘\‘? s‘i"! og Btrless than 1(bwh%ns-g: Hessd a0 Tk Bovrdessihpod Wi %, wdup do the
benef i hat t he amount of alum num which is a comon

cont am&%ant ?%gf@g‘ﬁ‘fﬁ%‘té may be low, preferably under 1 wt.% e.g., under
0.5 wt.%or under 0.3 w.% based on the total weight of the support. In
this regard, pyrogenic silica is preferred as it comonly is available in
purities exceeding 99.7 w.% High purity silica, as used throughout the
application, refers to silica in whichyacidic contan nants such as al um num
are present, if at all, at levels of less than 0.3 w.% e.g., less than
0.2 Wt.%or less than 0.1 w.% [0043] The surface area of the support nmay
vary w dely depending on the type of support. In sonme aspects, the surface
area of the support material, e.g., silicaceous material, nay be at |east
about 50 n2/g, e.g., at Ieast about 100 mZ/g, at | east about 150 mZ/g, at
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WO 2011/ 053367PCT/ US2010/ 022953 material, has a norphol ogy that allows for
a packing density of fromO0.1 to 1.0 g/cnB, e.g., from0.2 to 0.9 g/cnB or
fromO0.5 wo 2011®35836¢nB. I n terns of size, the support maPemitsR10821953
silicaceous material, preferably has an average particle size, nmeaning the
di aneter for spherical particles or equival ent spherical dianmeter for
non-spherical particles, of from0.01 to 1.0 cm e.g., from0.1to 0.5 cm
or from0.2 to 0.4 cm Since the one or nore netal (s) that are di sposed on
or Wi thi h o . o )

shoul dmr?c%% } sﬁlt)gz?g{rléli gﬁ}]?ﬂf%%{aegatl’atﬁ ﬁg&??gt;&lc&#é/ltnﬁgﬁ%o\?zd@%ﬂgat a; %/Igcton{ atras%{si cl es.
Thus, tieomboreefpaetind reetsl, 2 dsrdypatel af ddditamp] metats. o this térdexdj the nometi¢ed

dified an L t he final | yst i,Gl es. [0046] A
b of er S SRR G aSeelibor tiraress Wit weaiimpdy BelfonHdne 4 stahien) S 1 ca
Cat al yfiididadd thhehe FspeotSe inttitalSarealiflerd fréA ond Bfotkal NF plesdiiithe NRORA MeP61138

silica contains approximtely 95 wt % hi ?h surface area silica; a surface
area opreiprably ipdeckm) fiom sghewgraip ponsistiag @f mebtbdenwn, thpgium, 2Pcomymecoppital pore

vol ume a 0, r Lk usk on rosi.netry and
a pac klc%ltdgﬁfg# fl ;jlz inc?f q\gg][gg)tr &gragg;ﬁ%é/sgg%%{ragg{%% %l%{??&]hf)gbthg]gr ecggét}%g}gr(%fs for
the fi aplybdehad] Memitm)yay ahd cothdy Benmidrs preferablpPdE keovnd intdt#llis sefeckedoiparnt

nodi fier is added to the support and is not naturally present in the
suppor Hn apd hepBERt nodifier adjusts effects of the acidity of the support
~mat eri Th i I . I it mat eri al
may be z%jﬂjst e %gletscl ﬁ{ea%?hg%})lgl{e 5 ﬁg{g{)‘%&@%rﬁﬁgﬁg %(earrﬁ}%ﬁle@%{ %‘R% %\%%?é}{s?(g[ ecti vi ty
t 0o et hyletahard teotlaamdnatalXs theasaininetdlh ¥br meahed, evithur plagminién kydlysgenat i on of

acetic acid. Unless the context indicates_otherw se, the acidity of a
sur f acBlRFRUNARAY R pas] srfeﬁé%ﬁaﬁlfi%m%a@ﬁaa@ %Slds&ee?hﬁwe i the

techni gidg desCEdnbeslend?, fie %@ﬁt’%@éﬁﬁcgﬂm’reﬁ%rﬁ@ﬁ%ﬁ heddl ia?ﬂleci;rinl'ﬁger ogeneous
Catal ysts"; Chapter |11: asurenent of Acid

cidity of Surfaces, p. 370-404;
Mar cel cadelykteand thengecondumetal (eagpptiohad nastals) astthre pfomeitérés). Thas madxfpﬁrbatt@@n
herei n_by referenc 0048]. I n sonme aspects,.t.he support material may be
undes: Poi PRIl e R PeBERERT SR R ELTBE b I gh sol ectivity.
I'n thi p0038F € In tHedirstpiydimeR! Whérbdhe KRM1YBEInEREES tvtorwhd nictdla . €, $Hipor t

nodi fier. Suitable basic s%‘r{)port nodi fiers may be sel ected, for exanple,
f r om t Fsta apd;p second matalnige drst matal optippallynie pessertrin i catadyst 1 an) amapyad fionhet a|

oxi desy (ki) oal | & t t tasi| 4 cates i i .

ot ae; HiL LD ShoBEHE 4R 1SRG TR B nE £E1J 3 SRVES Thd dekonPuEl boBift i

nmet asi presattés an dmbunt ffene0d dndI2B wiekeaé.g O fiode® 1 td VO iit.Yo, Gt Gt 0.1 kd35 metdal

met asiFi catazs, and m.xtures thereof.etlhn addi tion to, oxides iamd .

met asi FPCCHREStS eRTARISIRG e OrgnoteaRstrls dhe tye o marsiyetalsinay ealloyed withoge

acet at %th&rwnhaggoﬁig@ﬁe%mﬁo etallsoRtRAM b Of the present invention.
WO 2011/ 053367PCT/ US2010/ 022953 Preferably, the basic nodifiers have a | ow
vol at i [A08¢] oTha peeferoed metiabratibe may varyveoheewibiat dgpendid bndismbtalsaised imathe  of

| that, i.s | h.t hat, t i di.t h t nmodifier i
ot r eVRIYEG ThEPRGRPdnARe tnolg et tah bl mely Ve iR e e bgpr «
nodi fi e9:118Y: ee geliRet £4 tb N ANFORE2.IrOUR, &OBASI.SHitHT:10f oPFbMEST:2R61:1.1.

metasilicates of any of sodium potassium magnesium calcium scandium

yt t ri ul03ZhdMalpraratignether then b d gnaf beprglesied daperdingeeyotha gompogiten picthe ar | y

pr ef er i p t L fLer i i il hcat Si 0B) ., [ 0049]
T sone SRR P B indt? af LRI bRt S0t
for f othaafdrphatdhméimydtalgsstpitiuat totirgioRe kot lass than 0.406hoSgreaecthai he
support nmay be npdifjed with,a support nodifier that adjusts the support
mat er i §16100% aﬁem&rwrﬁ%‘eﬂ imerder wrfory sfvhpgetate {Foracgtic acidpt Wighpy using a
redox sipRRk, TRYES oflane préficAbinda swmmmht i Band P& tl\%’ﬂe‘i)rét@xqﬁg/ and
aci di ¢ suppoft nodifiers may be 'sel ected fromthé group consisting of:

oxi desthefPt/Sngaiio is\g@Beatetthirs).66Xi ey gréat@tbap0. V0. Jretgl fsgm 6x65dk35 wf 1:Gooup VI B

met al s._iron.oxides, .al ym.num oxi de and, m.xt.ures thereof. These support
ot £+ Bt G0 BT stelife e R5e B of S Theihel BY icoRRERBE a  edox
suppor mobibdfsuppdits 28 destaided RO, sel ected from the group consisting of W3,
Mb03, Fe203, and Cr203. Preferred acidic support nodifiers include those
selected fromthe group consisting of Ti02, Zr02, Nb205, Ta205, and Al 203.
W t hout being bound by theory, it is QFIieved that an increase in acidity
of the support may favor ethyl acetate formation. However, increasing
acidity of the support may also formethers and basic nodifiers nay be
added to counteract the acidity of the support. Catal ysts Conprising Nickel
or Palladiumand Tin or Zinc [0050] In a second enbodi nent of the present
invention, the invention is to a catalyst for making ethyl acetate or

o, Y . .. o o, e



WO 2011/ 053367PCT/ US2010/ 022953 1:1.1. Optionally, the catal yst of the
“second enbodi rent may further conprise a third nmetal as described above in
connect i omowntinssse first enbodi nent. [0051] In the secend/tsabiodp2zvent, the
catal yst includes a support, optionally a nodified support, as discussed
above in connection with the first enbodi nent. The total weight of the
support, based on the total weight of the catalyst, for the second
enbodi ment preferably is from25 w.%to 99.9 w.% e.g., from30 w.%to

Suppor 082 P sE e Rl Sk as GO PR TIPS 20 e, B 1

conpr i gedivan to paladingi mblad felios Bod forainig)etigh acaiite iDteeme bf alaﬁmym,cbonmrabn a
third or additional netals ort _that n m)dlfled with
a redoﬁniarﬁ%?ttonr?éﬁfeﬁmanw %A oagxeateéa@&%wl%mﬁegﬁmd d gtigifonei ght  of
all mb%d301ﬂ%%§§f5c&£e M‘@ g:?és@ﬁéé%tf AR IPEEARALY it Frofd ®I0R 1 004060 Aain’e ©- -,
from0.1 to Ib .% or mO.1 1 to 10 wt:% [0053] The first tal may
be a Gsdengiviti,to tthi] adetatBmay W8 further nh!pﬂaved/by mcomoraﬂnglmadlﬁtttslmpmas metal, a
| ant hani de rr(aglal., an actinide netal or a netal fromany of Goups IIIA

| VA, VASSCEPe 'n a preferred enbodiment, the first netal is selected the
group eou39| St BEb&dinfefRRAen thé @d’!alyﬁ%@ﬁtﬂp’hsesrﬁ 8 metalUihB eRikdMetal Bagibem

pal ladium osmium iridium platinum titanium_ zinc, chrom um Thenium

ol ybdéfﬂéﬂ’f?d e atnwé theametabrlistedralibys/in qohaedtion stithrthe &istios sesendatetadl Sor om t he
group l. i c n he | um

Mor e p?oe et Z%i tﬂgd eéﬁfligzrilsf%yenn]te{%ﬁl tlhg(ﬁé‘ééll%g ec%% metari Rrﬁfﬁ% gﬁ Ets adi um
When t tigrd heétal is rgelbabd Gofthe gesupPoatistingdf dobalt,qoanacﬁﬁmr ﬁﬁl@brﬁlhﬁ,tcoqoba giat,al yst
corrprlses the platinumin_an amgunt | ess than 5 w . less than 3 w %

or | esBlafingm, Yn.\gndrhenim; Yqre graferably cthe dhied matef isi S@&w@fi f@ma@qmunpaltaéwsu] The
cataly I I ol

o oup. sk ARSI, e g R i a0l (o
vanadi thethird ngsd éman pabiedranr).0blaat Ui, ¢.gnfroaniiinto 8 evtoiror ﬁrmnganege

r ut heni ur(‘,p rhenium gold, and nickel. Mre preferably, the second netal is
sel ect &&”%rom t he group consi sting of copper, tin, cobalt, rhenium and

ni ckel [mm! ey a&ilﬁé@w the n{e&ﬁ 1he e stRE e firSt SRbRAhEst fﬁﬁmcbingr@@sl rheni um

[ 0055] he catal yst includes two or nore netals, e.g., a first metal and
a secoseppost eptionalp afrmqthﬁedmmabrtoﬁts|voHdv|elappneslawdé>§émse|0rﬁ otdiary skl lyglne | n an

anmount _fromO.1 . %
The. setrmhe Btk Sded b A % Syt Bl i Bl e sl

€. 9., botud ¢hder the plétewd cdiditivins %ﬂ?my@d ortthe foritfatibh of @hylGRbRteYSaSmix@EPOF Si Ng

two or WO 2011/ 053367PCT/_U8201 022953 nore netals, the two or nore netals
may becy] asptate g sthaned Awitablreyuppert majeriadipay wlwen%ﬁ&amﬂyeﬁa%wta

sol uti t in the
thiva Shgebafldthiibis orBaAtic AR AhRHARNA ddobiBGuSy ks MEPE IR, 0 o

t he rreEahmﬂes eﬂsulrablefsappca‘t alaiesials 1hclu6@WEth@trtﬁmdtauiem ison dtide, Bidice, arlahma of the
first |. to the second petal refer%)l%alsfromlo tollO , from
21t oS alupipagy Biax1a, Gropnas, TABR UM SXItey Spleiim icaHS, FitEaR. Eraphite; bieh: 1 1.

[ 0057] si¥pdc@ardadirhy iR FoohNalivhied AR Gn@ HakREdRerb N Egérﬁﬁarmgﬁﬁéat s. It
has now surpri si ngl y and unexpectedly béen discovered, for ex

for pl suppeusare sqleG@daftO,rs th? grpllllacqnsutmg of tsilivafabinginas, itaniss anéslscqnl'reanTl& 4: 0 6,

or great n | ar ord o f et hyl
et ot B theuBoots B HeRABHSE brdiih ¢ Brblifined ehl vt e BT Ty
as showdm 75 Wi%et 9£1Ast%1Bgamﬂ>nﬂ-§I) wivoRb 8 Sr vl o?tf{oﬁnssr%%rto 198tv¢'t% f or
produm{@glet hyl acetate in the presence of a Pt/Sn catalyst is from

0.65:0 1 OAOP@f?r@d@glca/@hgnma pypnerignatenalds K- b6 @6Sud. Gemisuikesrspherey t o
t hyl t
A S

r heni ua%mmbl%ﬁlgtlﬂaﬁfgtsalbp(ﬁt, 3 surfacestiensr abouf16830 128,m?25 aadd péfe vaduraé ef r ed
rheni u to %& diumnolar ratios for formng ethyl acetate in terns of

sel ect f 9 ersion and production are less than 0.7:0.3 or greater
than 0.85:0.15. A preferred Re/Pd nolar ratio for producing ethyl acetate
in the presence of a Re/Pd catalyst is fromO0.2:0.8 to 0.4:0.6. Again,
selectivity to ethyl acetate may be further inproved by incorporating
nodi fi ed supports as described throughout the present specification. [0059]
I n enbodi nents when the catal yst conprises a third netal, the third neta
may be selected fromany of the netals |isted above in connection with the
first or second netal, so long as the third netal is different fromthe
first and second netals. In preferred aspects, the third netal is selected
fromthe group consisting of cobalt, paIIadiun1 ruthenlun1 copper, Z|nc
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WO 2011/ 053367PCT/ US2010/ 022953 enbodi ment of the invention are provided
below in Table 1. Wiere the catal yst conprises a first netal and a second
met al , thwof2origs3zeet al preferably is present in an anoumCTfusemo®22b53 0 5
wt. % and the second netal preferably is present in an anobunt fromO0.1 to 5
wt.% Wiere the catal yst conprises a first nmetal, a second netal and a
third nmetal, the first netal preferably is present in an anount fromO.1 to
5 wm.% the second netal preferably is present in an anount from0.1 to 5

w . % h " 1to 2
wt . % M%L ?%Eéﬁ% %r?géﬁ?ﬁr%g%ta e?'{slﬁ%ﬁ’g}tnl}&r?tlrﬁr% &{nﬁg%? %?gﬂtﬁ C%egoai EP E’rl‘tera ag S

pr esenSeId:atechﬁomrthu gltoup rcomlﬂlng dfeilida vﬂili%almrhmasfeﬁmmb Iy tsdicatesugh mMumn an
anount f'orp and the 1S%hlrd net al fE‘*)QE sent, efera |

pr esenflefas! %ﬁtea%ﬂﬁfim‘i FIBFﬁ &rgh pusity sifiea apd mpgies ﬂle Hpent silic

(N30XB| hlﬁaékr BRISs&R thAJifieaced supbblit MeAbREAAD Endves Bt @é%ﬁm%f diiNintkh, CUZN
i Au Ni Re
which is a common contaminant for silica, may be low, preferably under 1 wt.%, e.g., under 0.5

Q

wt.% or under 0.3 wt.%, based on the total weight of the support. In this regard, pyrogenic
silica is preferred as it commonly is available in purities exceeding 99.7 wt.%. High purity
silica, as used throughout the application, refers to silica in which acidic contaminants such as
aluminum are present, if at all, at levels of less than 0.3 wt.%, e.g., less than 0.2 wt.% or less
than 0.1 wt.%.

[0043] The surface area of the support may vary widely depending on the type of support. In
some aspects, the surface area of the support material, e.g., silicaceous material, may be at least
about 50 m%/g, e.g., at least about 100 m?/g, at least about 150 m%/g, at least about 200 m?/g or
most preferably at least about 250 m*/g. In terms of ranges, the support material preferably has
a surface area of from 50 to 600 m*/g, e.g., from 100 to 500 m*/g or from 100 to 300 m*/g.
High surface area silica, as used throughout the application, refers to silica having a surface
area of at least about 250 m?*/g. High surface area silica/alumina, as used throughout the
application, refers to silica/alumina having a surface area of at least about 150 m%*/g. For
purposes of the present specification, surface area refers to BET nitrogen surface area, meaning
the surface area as determined by ASTM D6556-04, the entirety of which is incorporated
herein by reference.

[0044] The support material, e.g., silicaceous material, also preferably has an average pore
diameter of from 5 to 100 nm, e.g., from 5 to 30 nm, from 5 to 25 nm or from about 5 to 10 nm,
as determined by mercury intrusion porosimetry, and an average pore volume of from 0.5 to 2.0
cm’/g, e.g., from 0.7 to 1.5 ¢m’/g or from about 0.8 to 1.3 cm®/g, as determined by mercury
intrusion porosimetry.

[0045] The morphology of the support material, and hence of the resulting catalyst
composition, may vary widely. In some exemplary embodiments, the morphology of the
support material and/or of the catalyst composition may be pellets, extrudates, spheres, spray
dried microspheres, rings, pentarings, trilobes, quadrilobes, multi-lobal shapes, or flakes

although cylindrical pellets are preferred. Preferably, the support material, e.g., silicaceous
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material, has a morphology that allows for a packing density of from 0.1 to 1.0 g/em’, e.g.,
from 0.2 to 0.9 g/cm’ or from 0.5 to 0.8 g/cm’. In terms of size, the support material, e.g.
silicaceous material, preferably has an average particle size, meaning the diameter for spherical
particles or equivalent spherical diameter for non-spherical particles, of from 0.01 to 1.0 cm,
e.g., from 0.1 to 0.5 cm or from 0.2 to 0.4 cm. Since the one or more metal(s) that are disposed
on or within the modified support are generally very small in size, they should not substantially
impact the size of the overall catalyst particles. Thus, the above particle sizes generally apply
to both the size of the modified supports as well as to the final catalyst particles.

[0046] A preferred silica support material is SS61138 High Surface Area (HSA) Silica
Catalyst Carrier from Saint Gobain NorPro. The Saint-Gobain NorPro SS61138 silica contains
approximately 95 wt% high surface area silica; a surface area of about 250 m?/ g; a median pore
diameter of about 12 nm; a total pore volume of about 1.0 cm’/ g as measured by mercury
intrusion porosimetry and a packing density of about 0.352 glem® (22 1b/f ).

[0047] The supports for the first embodiment may further comprise a support modifier. A
support modifier is added to the support and is not naturally present in the support. A support
modifier adjusts effects of the acidity of the support material. The acid sites, e.g. Brensted acid
sites, on the support material may be adjusted by the support modifier, for example, to favor
selectivity to ethyl acetate and mixtures of ethyl acetate during the hydrogenation of acetic
acid. Unless the context indicates otherwise, the acidity of a surface or the number of acid sites
thereupon may be determined by the technique described in F. Delannay, Ed.,
“Characterization of Heterogeneous Catalysts”; Chapter III: Measurement of Acidity of
Surfaces, p. 370-404; Marcel Dekker, Inc., N.Y. 1984, the entirety of which is incorporated
herein by reference.

[0048] In some aspects, the support material may be undesirably too acidic for formation of
ethyl acetate at high selectivity. In this case, the support material may be modified with a basic
support modifier. Suitable basic support modifiers may be selected, for example, from the
group consisting of: (i) alkaline earth oxides, (ii) alkali metal oxides, (iii) alkaline earth metal
metasilicates, (iv) alkali metal metasilicates, (v) Group IIB metal oxides, (vi) Group IIB metal
metasilicates, (vii) Group IIIB metal oxides, (viii) Group IIIB metal metasilicates, and mixtures
thereof. In addition to oxides and metasilicates, other types of modifiers including nitrates,

nitrites, acetates, and lactates may be used in embodiments of the present invention.
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Preferably, the basic modifiers have a low volatility or are non-volatile. Low volatility
modifiers have a rate of loss that is low enough such that the acidity of the support modifier is
not reversed during the life of the catalyst. For example, the support modifier may be selected
from the group consisting of oxides and metasilicates of any of sodium, potassium, magnesium,
calcium, scandium, yttrium, and zinc, and mixtures of any of the foregoing. A particularly
preferred basic support modifier is calcium metasilicate (CaSiOs).

[0049] In some aspects, the support material is too basic or is not acidic enough for formation
of ethyl acetate at high selectivity. In this case, the support may be modified with a support
modifier that adjusts the support material by increasing the number or availability of acid sites
by using a redox support modifier or an acidic support modifier. Suitable redox and acidic
support modifiers may be selected from the group consisting of: oxides of Group IVB metals,
oxides of Group VB metals, oxides of Group VIB metals, iron oxides, aluminum oxides, and
mixtures thereof. These support modifiers are redox or acid non-volatile support modifiers.
Preferred redox support modifiers include those selected from the group consisting of WOs3,
MoOs3, Fe 03, and Cry03. Preferred acidic support modifiers include those selected from the
group consisting of TiO,, ZrO,, NbOs, Ta;0s, and Al,O3. Without being bound by theory, it is
believed that an increase in acidity of the support may favor ethyl acetate formation. However,
increasing acidity of the support may also form ethers and basic modifiers may be added to
counteract the acidity of the support.

Catalysts Comprising Nickel or Palladium and Tin or Zinc

[0050] Inasecond embodiment of the present invention, the invention is to a catalyst for
making ethyl acetate or optionally a mixture of ethyl acetate and ethanol, the catalyst
comprising a first metal selected from the group consisting of nickel and palladium, a second
metal selected from the group consisting of tin and zinc, and a support, optionally a modified
support. In contrast to the above-described first embodiment, in the second embodiment, lower
loadings of the first metal may be employed. For example, the catalyst may comprise the first
metal in an amount from 0.1 to 10 wt.%, e.g., from 0.1 to 5 wt.%, or from 0.1 to 3 wt.%. The
second metal preferably is present in an amount from 0.1 and 20 wt.%, e.g., from 0.1 to 10
wt.%, or from 0.1 to 5 wt.%. The mole ratio of the first metal to the second metal preferably is
from 10:1 to 1:10, e.g., from 4:1 to 1:4, from 2:1 to 1:2, from 1.5:1 to 1:1.5 or from 1.1:1 to
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TABLE 1 EXEMPLARY METAL COMBI NATI ONS FOR CATALYSTS First Metal Second
Metal Third Metal PtSn Pt SnCo Pt SnRe Pt SnRu Pt SnPd RhCu RhNi RuCo RuCr RuCu
WO 2011/053367 PCT/US2010/022953

1:1.1. Optionally, the catalyst of the second embodiment may further comprise a third metal as
described above in connection with the first embodiment.

[0051] In the second embodiment, the catalyst includes a support, optionally a modified
support, as discussed above in connection with the first embodiment. The total weight of the
support, based on the total weight of the catalyst, for the second embodiment preferably is from
25 wt.% t0 99.9 wt.%, e.g., from 30 wt.% to 97 wt.%, or from 35 wt.% to 95 wt.%.

Catalyst on Acidic or Redox Modified Support

[0052] In athird embodiment of the invention, the catalyst comprises a first metal and
optionally one or more of a second metal, a third metal or additional metals, on a support that
has been modified with a redox support modifier or an acidic support modifier. The total
weight of all metals present in the catalyst preferably is from 0.1 to 25 wt.%, e.g., from 0.1 to
15 wt.%, or from 0.1 1 to 10 wt.%.

[0053] The first metal may be a Group IB, IIB, IIIB, IVB, VB, VIB, VIIB, or VIII
transitional metal, a lanthanide metal, an actinide metal or a metal from any of Groups IIIA,
IVA, VA, or VIA. In a preferred embodiment, the first metal is selected the group consisting of
copper, iron, cobalt, nickel, ruthenium, rhodium, palladium, osmium, iridium, platinum,
titanium, zinc, chromium, rhenium, molybdenum, and tungsten. Preferably, the first metal is
selected from the group consisting of platinum, ﬁalladium, cobalt, nickel, and ruthenium. More
preferably, the first metal is selected from platinum and palladium. When the first metal
comprises platinum, it is preferred that the catalyst comprises the platinum in an amount less
than 5 wt%, e.g. less than 3 wt% or less than 1 wt%, due to the limited availability of platinum.
[0054] The catalyst optionally further comprises a second metal selected from the group
consisting of copper, molybdenum, tin, chromium, iron, cobalt, vanadium, tungsten, palladium,
platinum, lanthanum, cerium, manganese, rutheniﬁm, rhenium, gold, and nickel. More
preferably, the second metal is selected from the group consisting of copper, tin, cobalt,
thenium, and nickel. More preferably, the second metal is selected from tin and rhenium.
[0055] If the catalyst includes two or more metals, e.g., a first metal and a second metal, the
first metal optionally is present in the catalyst in an amount from 0.1 to 10 wt.%, e.g. from 0.1
to 5 wt.%, or from 0.1 to 3 wt.%. The second metal preferably is present in an amount from 0.1

and 20 wt.%, e.g., from 0.1 to 10 wt.%, or from 0.1 to 5 wt.%. For catalysts comprising two or
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RuFe RuLa RuMb RuNi RuSn [0061] Depending primarily on how the catalyst is
manuf actured, the netals of the catal ysts of the present invention may be
di sper sedwOloougbssat t he support, coated on the outer secfaseoiofn2198e
support (egg shell) or decorated on the surface of the support. [0062] In
addition to one or nore netals, the catalysts of the third enbodi nent of
the present invention further conprise a nodified support, neaning a
support that includes a support material and a support nodifier. In
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[ 0067] One advantage of catalysts of the present invention, in all of the
above enbodi nents, is the stability or activity of the catal yst for

pr oduci ngwvetzhylosasset at e and m xtures of ethyl WO PCT/US2010/022953

2011/ 053367PCT/ US2010/ 022953 acetate and et hanol. Accordingly, it can be
appreci ated that the catalysts of the present invention are fully capable
of being used in commercial scale industrial applications for the

hydr ogenati on of acetic acid, particularly in the production of ethyl
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SUPPOT prell frbRabiisqficiefl honldifoubtRRRIG.L IS GhYR! 10 an agueous suspensi on,
For exanpl e,” an_aqueous suspension of the support nodifier nmay be forned by
addi ng the solid support nodifier tpTgﬁiqﬁized water, followed by the

addi tion of colloidal support materia Ihereto. The resulting m xture may
be stirred and adé¥EMRLARY METAL CGOMBINATHONS FOR CATWLYSTS exanpl e,

i nci pi ent wet ness techni S in whigh 't ypport gﬂglnigr cs added to a
support materi al L 0 ' a e support
nmodi fier solution. CapiM%ary action t hé¥® draws t he support nodifier into

the pores in the suppoﬁﬁlnaterial. The Gfodi fi ed support can then be forned
by drying and cal cinindto drive off wa¥er and any vol atile conponents
within the support nodiGu er sol ution an® depositing the support nodifier on
the support material. [@wing nmay occur,Zd or exanple, at a tenperature of
from50C to 300C, e.g. ,Nfrom 100C to 2QQ€ or about 120C, optionally for a
period of from1 to 24 Mpours, e.g., frq3 to 15 hours or from®6 to 12
hours. Once forned, theyjodified supporys may be shaped into particles
having the desired sizggdistribution, ., to formparticles having an
average particle size gg t he range of Eion10.2 to 0.4 cm The supports may

be extruded, pelletizeq,. tabletized, prgssed, crushed or sieved to the
desired size distribution. Any of the wn net hods to shape the support
materials into desired!& ze distributi can be enpl oyed. Calcining of the
shaped nodi fi ed support y occur, for(Ekaane, at a tenperature of from
250C to 800C, e.g., frd%h 300 to 700C orCrabout 500C, WO

2011/ 053367PCT/ US2010/ ®22953 optional | ¥ or a period of from1l to 12 hours,
e.g., from2 to 10 houlsl, from4 to 8 Heurs or about 6 hours. [0069] In a
preferred nmethod of pré@gdaring the catallyst, the nmetals are inpregnated onto
the support or nodifiegdsupport. A preggy sor of the first nmetal (first

metal precursor) prefempgbly is used inpjhe netal inpregnation step, such as
a water sol uble compourpg or water dispgisible conpound/conplex that
includes the first netgly of interest. [lgpending on the nmetal precursor

enpl oyed, the use of apgolvent, such as,water, glacial acetic acid or an
organi ¢ solvent, may bg preferred. The?%econd netal also preferably is

i npregnated into the S%Bport or nndifi&z support froma second net al
precursor. |If desired, d third metal of%hird metal precursor may al so be

i npregnated into the sJ’port or modifié&d support. [0070] I npregnation
occurs by adding, optidially drop wiseCueither or both the first netal
precursor and/or the sddond netal precdiesor and/ or additional metal
precursors, preferablyRtn suspensi on oMol ution, to the dry support or
nodi fi ed support. The resulting m xture may then be heated, e.g.,
optionally under vacuum in order to renove the solvent. Additional drying
and cal cining may then be perforned, ﬁ§tionally wi th ranped heating to form
the final catal yst conposition. Upon heating and/or the application of
vacuum the netal (s) of the netal precursor(s) preferably deconpose into
their elenental (or oxide) form In some cases, the conpletion of renova

of the liquid carrier, e.g., water, nmay not take place until the catal yst
is placed into use and cal cined, e.g., subjected to the high tenperatures
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WO 2011/ 053367PCT/ US2010/ 022953 [0072] In sequential inpregnation, the
first metal precursor is first added to the support or nodified support

f ol | onwed W9 2driyissgg7and cal ci ning, and the resul ting nat ecirals2e1s/oeiven

i npregnated with the second netal precursor followed by an additi onal
drying and calcining step to formthe final catal yst conposition.

Addi tional netal precursors (e.g., athird netal precursor) may be added
either with the first and/or second netal precursor or a separate third

i npregnation step, follTowed by dryirng and calcination. O course,

conbi nations of sequential and simul TA®ddhd i npregnati on may be enpl oyed i f

desired. [0073] SEXxFaPPEATS! ﬂE’FAE%WI@AT‘RﬁNﬁTﬂﬁ@A’PAﬁW@WS met al

hal i des, am ne solubilized neta droxi d met nitrates or netal

oxal ates of the _desi¥ied Metelal (s) . F%?COEQMﬁﬂle sui t dibird Mefghounds f or

pl ati num precursors andPpal | adi um precW§tsors i nclude chloroplatinic acid,
ammoni um chl oropl ati natk, am ne sol ubiISwzed pl ati num hy@r oxi de, pl ati num
nitrate, platinumtetrap@moniumnitratSy platinumchl gqd de, platinum

oxal ate, palladiumnitrpte, palladiumtgira amoni um nigy ate, palladium
chloride, palladium oxapate, sodium paldadi um chloride,pgand sodi um pl atinum
chloride. Generally, b fromthe poi uof vi ew of econom cs and

envi ronnment al aspects, g@gueous solutloqﬁ of sol ubl e compounds of platinum
are preferred. In one e@hodl ment, the first nmetal precursor is not a netal
hal i de and is substanti@fly free of rret%q hal i des. [0074] In one aspect,
the "pronoter” netal or Riyet al precursor s first added to the nodified
support, followed by t B " mai n" or prﬂﬁhry nmetal or netal precursor. O
course, the reverse ord& of addition ik also possible. Exenplary
precursors for pronoterRuwetals includeImtal halides, am ne solubilized
nmet al hydroxi des, netalRwmitrates or nefMd oxal at es. As i ndi cat ed above, in
t he sequential enbodi ned, each inpregmaiion step preferably is followed by
drying and cal cination.pgn the case of gyonoted binetallic catal ysts as
descri bed above,~a sequential 1npregnation nay be used, starting wth the
addi ti goed] tD&RERIHREariREbRhofvahd oMYty nﬁn&ﬁ@tﬁﬂﬂ {HERARAS BT iR afil ‘Eé

i nvol ving co-inpregnation of the two pfincipal netals, e.g., Pt and Sn.
Hydr og eﬁglelpmenﬁ mmwncnaydmﬁlﬁmta]thwhghcpn tdeswppat, chytdd oy dreanuitercpusfoes ofc

acid t orm e or Xt u et h cetate and et hanol

accor di gsupgoﬁhég}}%@ ﬁ?rat(?fiofllli esfuﬁ 8?1?%%18 Hé@f e conducted in a variety
of con{omsR] ath eddititis tdhedriniore eheasl thearilsts of the thitdiédbadmehes thegeiat as
"one of skill in the art wll readlly appreci ate using catal ysts of the
first, inveadonfusther ¢nmpprisegpedifiehsupportymeaymee ilzpmstahmqusszs@mmrozzgss
many e B an be
used; H%?éili ?%Lg)&ghiqlgmﬁfi%s e&)g#tﬂﬁf(;aphiég efog{rémdﬂ?er n Pdlrf%ﬁggﬁ{oﬁﬁough t he
reacti mpﬂanglytamdaﬂdxpmbtedbzriw @otvemen démbastiagdd te dhwor fanaalueh lof athell dcetage

react or I‘OVI %ﬁ with a he transfer nmediumcan be used. |In nmany cases,

t he reaﬁ oeRRAHogPr 1'ssed in a single vessel or in a series of
vessel fows] 8RbleS %F Ekﬁ&gfers%?f)&% hRRGHERBuAL ﬂaolsé sthi %b&%rlﬁ‘éo&?]&ﬂbﬁ W@t
that acetic acid reduction processes using the catalysts of the present

i nvent therfirstegmiyslimentraind vithout hmltatmbreulnalmdc lrpn agidey slies aluhiisa, sdimefabiminas,

configuration is t ess i ntensi.ve, t han tube and shell
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r eact OprapBitidted cdrBod, hetiviaPerBdinsadhdhBiees 81drddif P ertRlsuppirerutdher ®nififes a
reactants, typically in the vapor form are passed over or through the

cat al yélippomrmdlﬁereta@ts fr gxamplehmay be sdﬁﬁe@ﬁomﬂw graaptcopwstingefcerides ofcan be
enpl oy t ts may be
ased | oIS ERIdLE SideDof By VB WARAE gt B KPP B Bl iSRS, ° 700 of
t he r ealohdAmim skidesmnt hiieuugds théreoft altrby sippbadn@difiers b redon acdcidic s@ppoft t he
reactant ¢ n t he cat al y t particles. [0077] e hydrogenation
reacti defégsp be g"é‘i"w %ﬂ@xowmrhm@rit fest ing Fhoaaﬁ%le%ﬁggemdpe LB IcOpHENE,

Pr ef er gplot Md,eR60,;04hd érzegrpfe?&rea%ldlasdﬂenme@ NRRIURGE selebiRd

foll ow ng conditions.” The Feaction tenperature may the range from of 125C
to 350C, e.g., from200C to 325C, from 225C to about 300C, or from 250C to
about 300C. The pressure nmay range from 10 KPa to 3000 KPa (about 0.1 to 30
at nospheres), e.g., from50 KPa to 23QQ KPa, or from 100 KPa to 1500 KPa.
The reactants may be fed to the reactor at a gas hourly space velocities
(GHSV) of greater than 500e.g., greater than 1000 hr-1, greater than 2500
hr-1 and even greater than 5000 hr-1. In terns of ranges the GHSV nay range
from50 hr-1 to 50,000 hr-1, e.g., from500 hr-1 to 30,000 hr-1, from 1000
hr-l to 10 000 hr- 1, or from 1000 hr-l to 6500 hr- . [0078] I n anot her
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WD 2011/ 053367PCT/ US2010/ 022953 or from 12:1 to 1:1. Most preferably, the
nolar ratio of hydrogen to acetic acid is greater than 4:1, e.g., greater
than 5:1 wo 20r1é&83r t han 10: 1. [0080] Contact or reside®rCe/Uuszom/oexa3 al so
vary wi dely, dependi ng upon such variabl es as anmpbunt of acetic acid,

catal yst, reactor, tenperature and pressure. Typical contact tines range
froma fraction of a second to nore than several hours when a catal yst
systemother than a fixed bed is used, with preferred contact tinmes, at
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[0067] One advantage of catalysts of the present invention, in all of the above embodiments,

is the stability or activity of the catalyst for producing ethyl acetate and mixtures of ethyl
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optionally for a period of from 1 to 12 hours, e.g., from 2 to 10 hours, from 4 to 8 hours or
about 6 hours.

[0069] In a preferred method of preparing the catalyst, the metals are impregnated onto the
support or modified support. A precursor of the first metal (first metal precursor) preferably is
used in the metal impregnation step, such as a water soluble compound or water dispersible
compound/complex that includes the first metal of interest. Depending on the metal precursor
employed, the use of a solvent, such as water, glacial acetic acid or an organic solvent, may be
preferred. The second metal also preferably is impregnated into the support or modified support
from a second metal precursor. If desired, a third metal or third metal precursor may also be
impregnated into the support or modified support.

[0070] Impregnation occurs by adding, optionally drop wise, either or both the first metal
precursor and/or the second metal precursor and/or additional metal precursors, preferably in
suspension or solution, to the dry support or modified support. The resulting mixture may then
be heated, e.g., optionally under vacuum, in order to remove the solvent. Additional drying and
calcining may then be performed, optionally with ramped heating to form the final catalyst
composition. Upon heating and/or the application of vacuum, the metal(s) of the metal
precursor(s) preferably decompose into their elemental (or oxide) form. In some cases, the
completion of removal of the liquid carrier, e.g., water, may not take place until the catalyst is
placed into use and calcined, e.g., subjected to the high temperatures encountered during
operation. During the calcination step, or at least during the initial phase of use of the catalyst,
such compounds are converted into a catalytically active form of the metal or a catalytically
active oxide thereof.

[0071] Impregnation of the first and second metals (and optional additional metals) ihto the
support or modified support may occur simultaneously (co-impregnation) or sequentially. In
simultaneous impregnation, the first and second metal precursors (and optionally additional
metal precursors) are mixed together and added to the support or modified support together,
followed by drying and calcination to form the final catalyst composition. With simultaneous
impregnation, it may be desired to employ a dispersion agent, surfactant, or solubilizing agent,
e.g., ammonium oxalate, to facilitate the dispersing or solubilizing of the first and second metal
precursors in the event the either or both precursors are incompatible with the desired solvent,

¢.g., water.

19



5-75 10-60 20-50 Water 5-50 10-45 15-35 OQther <10 <6 <4 TABLE 3 CRUDE
ETHYL ACETATE/ ETHANCL M XTURE
WO 2011/053367 PCT/US2010/022953

[0072] In sequential impregnation, the first metal precursor is first added to the support or
modified support followed by drying and calcining, and the resulting material is then
impregnated with the second metal precursor followed by an additional drying and calcining
step to form the final catalyst composition. Additional metal precursors (e.g., a third metal
precursor) may be added either with the first and/or second metal precursor or a separate third
impregnation step, followed by drying and calcination. Of course, combinations of sequential
and simultaneous impregnation may be employed if desired.

[0073] Suitable metal precursors include, for example, metal halides, amine solubilized metal
hydroxides, metal nitrates or metal oxalates of the desired metal(s). For example, suitable
compounds for platinum precursors and palladium precursors include chloroplatinic acid,
ammonium chloroplatinate, amine solubilized platinum hydroxide, platinum nitrate, platinum
tetra ammonium nitrate, platinum chloride, platinum oxalate, palladium nitrate, palladium tetra
ammonium nitrate, palladium chloride, palladium oxalate, sodium palladium chloride, and
sodium platinum chloride. Generally, both from the point of view of economics and
environmental aspects, aqueous solutions of soluble compounds of platinum are preferred. In
one embodiment, the first metal precursor is not a metal halide and is substantially free of metal
halides.

[0074] Inone aspect, the “promoter” metal or metal precursor is first added to the modified
support, followed by the “main” or “primary” metal or metal precursor. Of course, the reverse
order of addition is also possible. Exemplary precursors for promoter metals include metal
halides, amine solubilized metal hydroxides, metal nitrates or metal oxalates. As indicated
above, in the sequential embodiment, each impregnation step preferably is followed by drying
and calcination. In the case of promoted bimetallic catalysts as described above, a sequential
impregnation may be used, starting with the addition of the promoter metal followed by a
second impregnation step involving co-impregnation of the two principal metals, e.g., Pt and
Sn.

Hydrogenation of Acetic Acid

[0075] The process of hydrogenating acetic acid to form ethyl acetate or a mixture of ethyl
acetate and ethanol according to one embodiment of the invention may be conducted in a
variety of configurations using a fixed bed reactor or a fluidized bed reactor as one of skill in

the art will readily appreciate using catalysts of the first, second or third embodiments. In
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many embodiments of the present invention, an “adiabatic” reactor can be used; that is, there is
little or no need for internal plumbing through the reaction zone to add or remove heat.
Alternatively, a shell and tube reactor provided with a heat transfer medium can be used. In
many cases, the reaction zone may be housed in a single vessel or in a series of vessels with
heat exchangers therebetween. It is considered significant that acetic acid reduction processes
using the catalysts of the present invention may be carried out in adiabatic reactors as this
reactor configuration is typically far less capital intensive than tube and shell configurations.
[0076] 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 passed over or
through the catalyst. Other reactors, such as fluid or ebullient bed reactors, can be employed, if
desired. In some instances, the hydrogenation catalysts may be used in conjunction with an
inert material to regulate the pressure drop of the reactant stream through the catalyst bed and
the contact time of the reactant compounds with the catalyst particles.

[0077] The hydrogenation reaction may be carried out in either the liquid phase or vapor
phase. Preferably the reaction is carried out in the vapor phase under the following conditions.
The reaction temperature may the range from of 125°C to 350°C, e.g., from 200°C to 325°C,
from 225°C to about 300°C, or from 250°C to about 300°C. The pressure may range from 10
KPa to 3000 KPa (about 0.1 to 30 atmospheres), e.g., from 50 KPa to 2300 KPa, or from 100
KPa to 1500 KPa. The reactants may be fed to the reactor at a gas hourly space velocities
(GHSV) of greater than 500 hr”’, e.g., greater than 1000 hr!, greater than 2500 hr”! and even
greater than 5000 hr''. In terms of ranges the GHSV may range from 50 hr”’ to 50,000 hr, e.g.,
from 500 hr” to 30,000 hr', from 1000 hr” to 10,000 hr™", or from 1000 hr'! to 6500 hr™.
[0078] In another aspect of the process of this invention, the hydrogenation is carried out at a
pressure just sufficient to overcome the pressure drop across the catalytic bed at a suitable
GHSV, although there is no bar to the use of higher pressures, it being understood that
considerable pressure drop through the reactor bed may be experienced at high space velocities,
e.g., on the order of 5000 hr'! or 6,500 hr’.

[0079] Although the reaction consumes two moles of hydrogen for every two moles of acetic
acid to produce one mole of ethyl acetate, the actual molar ratio of hydrogen to acetic acid in

the feed stream may vary from about 100:1 to 1:100, e.g., from 50:1 to 1:50, from 20:1 to 1:2,
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or from 12:1 to 1:1. Most preferably, the molar ratio of hydrogen to acetic acid is greater than
4:1, e.g., greater than 5:1 or greater than 10:1.

[0080] Contact or residence time can also vary widely, depending upon such variables as
amount of acetic acid, catalyst, reactor, temperature and pressure. Typical contact times range
from a fraction of a second to more than several hours when a catalyst system other than a fixed
bed is used, with preferred contact times, at least for vapor phase reactions, from 0.1 to 100
seconds, e.g., from 0.3 to 80 seconds or from 0.4 to 30 seconds.

[0081] The acetic acid may be vaporized at the reaction temperature, and then the vaporized
acetic acid 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. For reactions run in
the vapor phase, the temperature should be controlled in the system such that it does not fall
below the dew point of acetic acid.

[0082] In particular, the catalysts and processes of the present invention may achieve
favorable conversion of acetic acid and favorable selectivity and productivity to ethyl acetate or
mixtures of ethyl acetate and ethanol. For purposes of the present invention, the term
conversion refers to the amount of acetic acid in the feed that is convert to a compound other
than acetic acid. 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:

mmol AcOH ( feed stream)— mmol AcOH (GC)

AcOH Conv. (%) =100*
mmol AcOH (feed stream)

[0083] For purposes of the present invention, the conversion may be at least 10%, e.g., at
least 20%, at least 40%, at least 50%, at least 60%, or at least 70% or at least 80%. Although
catalysts that have high conversions are desirable, such as at least 80% or at least 90%, a low
conversion may be acceptable at high selectivity for ethyl acetate or mixtures of ethyl acetate
and ethanol. It is, of course, well understood that in many cases, it is possible to compensate
for conversion by appropriate recycle streams or use of larger reactors, but it is more difficult to
compensate for poor selectivity.

[0084] “Selectivity” is expressed as a mole percent based on converted acetic acid. It should
be understood that each compound converted from acetic acid has an independent selectivity

and that selectivity is independent from conversion. For example, if 50 mole % of the
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form more ethyl acetate.

[0088] In embodiments of the present invention, it is also desirable to have low selectivity to
undesirable products, such as methane, ethane, and carbon dioxide. The selectivity to these
undesirable products preferably should be less than 4%, e.g., less than 2% or less than 1%.
Preferably, no detectable amounts of these undesirable products are formed during
hydrogenation. In several embodiments of the present invention, formation of alkanes is low,
usually under 2%, often under 1%, and in many cases under 0.5% of the acetic acid passed over

the catalyst is converted to alkanes, which have little value other than as fuel.
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[0089] Productivity refers to the grams of a specified product, e.g., ethyl acetate, formed
during the hydrogenation based on the kilogram of catalyst used per hour. In one embodiment,
a productivity of at least 200 grams of ethyl acetate per kilogram catalyst per hour, e.g., at least
400 grams of ethyl acetate or least 600 grams of ethyl acetate, is preferred. In another
embodiment, a productivity of at least 200 grams of a mixture of ethyl acetate and ethanol per
kilogram catalyst per hour, e.g., at least 400 grams of a mixture of ethyl acetate and ethanol or
least 600 grams of ethyl a mixture of ethyl acetate and ethanol, is preferred. In terms of
ranges, the productivity preferably to ethyl acetate is from 200 to 3,000 grams of ethyl acetate
per kilogram catalyst per hour, e.g., from 400 to 2,500 or from 600 to 2,000.

[0090] Some catalysts of the present invention may achieve a conversion of acetic acid of at
least 10%, a selectivity to ethyl acetate of at least 60%, and a productivity of at least 200 g of
ethyl acetate per kg of catalyst per hour. A subset of catalysts of the invention may achieve a
conversion of acetic acid of at least 50%, a selectivity to ethyl acetate of at least 70%, a
selectivity to undesirable compounds of less than 4%, and a productivity of at least 600 gof
ethyl acetate per kg of catalyst per hour.

Crude Ethyl Acetate Product

[0091] In another embodiment, the invention is to a crude ethyl acetate product formed by
any of the processes of the present invention. The crude ethyl acetate product produced by the
hydrogenation process of the present invention, before any subsequent processing, such as
purification and separation, typically will comprise primarily unreacted acetic acid, ethyl
acetate and optionally ethanol. In some exemplary embodiments, the crude product comprises
ethyl acetate in an amount from 5 wt% to 70 wt.%, e.g., from 15 wt.% to 50 wt.%, or from 20
wt.% to 35 wt.%, based on the total weight of the crude product. The crude product may
comprise ethanol in an amount from 5 wt.% to 70 wt.%, e.g., from 15 wt% to 50 wt.%, or from
20 wt.% to 35 wt.%, based on the total weight of the crude product. The crude product
typically will further comprise unreacted acetic acid, depending on conversion, for example, in
an amount from 5 to 75 wt.%, e.g., from 10 to 60 wt.% or from 20 to 50 wt.%. Since water is
formed in the reaction process, water will also be present in the crude product, for example, in
amounts ranging from 5 to 50 wt.%, e.g., from 10 to 45 wt.% or from 15 to 35 wt.%. Other
components, such as, for example, aldehydes, ketones, alkanes, and carbon dioxide, if

detectable, collectively may be present in amounts less than 10 wt.%, e.g., less than 6 or less
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CH 30H [0097] The cracking may be a catal yzed reaction utilizing a
cracking catalyst. Suitable cracking catalysts include sulfonic acid resins
such as peof2buarsssal foni c acid resins disclosed in W PCT/US2010/022953

2011/ 053367PCT/ US2010/ 022953 United States Patent No. 4,399, 305, noted
above, the disclosure of which is incorporated herein by reference.
Zeolites are also suitable as cracking catalysts as noted in United States
Pat ent No. 4,620,050, the disclosure of which is also incorporated herein

by ref 0 i t | nV.ery i on,
mhy b TEaG o Rt Otk IMEH bl el e oD S BRGE RO . (YT
ethyleme%Mughﬁm&Gﬂnd@www&aﬂﬁoﬁﬂhnnﬂﬁhy9£eedstock as it can be converted

t | at d/ th t at of a w.de
o P2t YUY | TG prefiatd esabodimechy deinaipg onisreridic cerhyl BRLDosHS APt
conver teehdyed, rtﬁé%ae %th@PAaé%é Bl%aqctrmmm aﬁfégﬁﬂﬁtc%mpmﬁoﬁﬁwﬁaéa ibeRwah

et hanol to’ethylene is
Table 2. Crude mixtures of ethyl acetate and ethanol may have any of the compositions

indicated below in Table 3.

TABLE 2
CRUDE ETHYL ACETATE
PRODUCT COMPOSITIONS
Conc. Conc. Conc.
Component (wt.%) (Wt.%) (wt.%)
Ethyl Acetate 5-70 15-50 20-35
Acetic Acid 5-75 10-60 20-50
Water 5-50 10-45 15-35
Other <10 <6 <4
TABLE 3
CRUDE ETHYL ACETATE/ETHANOL MIXTURE
PRODUCT COMPOSITIONS
Conc. Conc. Conc.
Component (wt.%) (wt.%) (wt.%)
Ethyl Acetate 5-70 15-50 20-35
Ethanol 5-70 15-50 20-35
Acetic Acid 5-75 10-60 20-50
Water 5-50 10-45 15-35
Other <10 <6 <4

[0093] 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. As
petroleum and natural gas prices fluctuate becoming either more or less expensive, methods for
producing acetic acid and intermediates such as methanol and carbon monoxide from alternate
carbon sources have drawn increasing interest. In particular, when petroleum is relatively
expensive compared to natural gas, it may become advantageous to produce acetic acid from

synthesis gas (“syn gas™) that is derived from any available carbon source. United States Patent

25



OH [ 0099] Any of known dehydration catal ysts can be enployed in to
dehydrate et hanol, such as those described in copending applications U S
Appl i cat iwo 200/05387221, 137 and U. S. Application No. 12/ P2T/UB2@0/021983 entire
contents and disclosures of which are hereby incorporated by reference. A
zeolite catalyst, for exanple, may be enployed as the dehydration catal yst.
Wil e any zeolite having a pore dianeter of at |east about 0.6 nm can be
used, preferred zeolites include dehydration catalysts selected fromthe

group Ngihgh i of; ' : i ' Y. Zeolite
% s aSeESrEs S i AP b EBsur St hionds ARGl AR 9 rERRYLE R0, 777

U. S. Patample, tedhéS9dnethod df hetreditting & ieemnolf platifohtha enhfcainy of avetic paddat ed by
ref erence. zeolite catal yst be used to cqncyrrently dehydrate ethanol
to et hyVeRECfine a%bﬁae@%% Hyilange et cogs %Sﬁ?ﬁ}?t@ﬁg@’“?‘réé_gﬁ%ﬁﬂﬁ FRPeVent
procesgcdi at:ﬂeplérﬁ‘éf‘enéiglﬁﬁcax{trg]rgﬁ’dclea of [Qi’%éﬂ BERiSteah @(lﬁoxﬁpaﬁ‘@ otithé ?ynoéas% hyl
acetate and ethanol 1S forned, It nay be desired to further réact the

m xt ur divierfedfrdarthe methanplcdynthigeis hbopt amdesuppliedito laseparater etihio recet E0andr

et hanol . ,For exanple, if desire the.eth I ncentration .n the m xture
my - beySrEPEm ST HF et B P g eoi e DuenGioaIE el . st ence. of
an aci gatab@by 8dedt® niiRE By@dgéd whitdImBtleanize@ironaedtion el this ihhénaet | ¢
~acid then max beérecycl ed back in the g%/drogenatlon process. [0101] The

fol | owd¥g4kx StairsRaieris oy RE I Hidele dtadebes ealh, 6lsotimrorparalsd hercinby of
var | oukBhal KRty S MR AHEE Byl (RAREARER SucBlanblyPodsRURR FarbolfReons

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 syn gas is converted to
methanol which may be carbonylated to acetic acid. The method likewise produces hydrogen
which may be used in connection with this invention as noted above. See also, United States
Patent No. 5,821,111 to Grady et al., which discloses a process for converting waste biomass
through gasification into synthesis gas as well as United States Patent No. 6,685,754 to Kindig
et al., the disclosures of which are incorporated herein by reference.

[0095] 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 described in United States Patent
No. 6,657,078 to Scates et al., the entirety of which is incorporated herein by reference. The
crude vapor product, for example, may be fed directly to the ethanol synthesis reaction zones of
the present invention without the need for condensing the acetic acid and light ends or
removing water, saving overall processing costs.

[0096] Ethyl acetate obtained by the present invention, may be used in its own right,
polymerized, or converted to ethylene through a cracking process. The cracking of ethyl

acetate to ethylene is shown below.
0 o]

CH,
o~

CH; CH, CH; OH

[0097] The cracking may be a catalyzed reaction utilizing a cracking catalyst. Suitable

cracking catalysts include sulfonic acid resins such as perfluorosulfonic acid resins disclosed in
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Cat al yst Preparations (general) [0102] The catal yst supports were dried at
120C overnight under circulating air prior to use. Al commercial supports
(i.e., SiW0,20TiVB2367were used as a 14/ 30 nesh, or in itsPoTiusemaloz®okape
(1/16 inch or 1/8 inch pellets) unless nentioned otherw se. Powdered
materials were pelletized, crushed and sieved after the netal s had been
added. The individual catalyst preparations of the invention, as well as
corrpar ative exanpl es, are described in detail below Exanple 1 -

5 0 U PR e ne  AGEMILE LR B SRRRE bh

addi ti &1y referdnict.Sheolftey @t als@@uﬂﬂil@@dﬁaﬁ@ﬁgamﬁyﬁﬂaﬂﬁot@ﬁ HitcdKlate® Phkntnas
prepare\iﬁby adding 0,52 g of the solid to 13 of deigni zed H20, foll owed
by t he N1444dR0 ﬂlselqwre&ﬁ vehiigh lé.akfaunosirmatecibewm}ewm@men NALCO). The
suspen I 0.0 g
o 51 03 Mo e bR st (PP IRRR A, By el BB bRt

Af t er 3°udmni|snlgpet1mntlg chovared to h&ylmb whnczhl is wa smporemo cahmddity feddstoeisss, it can

follo OCo der |rculat|ng air, and.cal ¢i nation
e sooceatvtaia Baleug engr iyl acefiantlas iyl aretats Ptamintd wide RS Eat  of

Pt/ Sn rgetedlchéRhBEBA:S rFor[eQ&QgﬂeT&ﬁ ylefd Wﬁﬁ&bé’@fm@eﬂé@@é}fuﬁf&r@ﬁ rg%!)}rrﬁér add| ng
Sn(0Ac)2 (tin acetate, Sn fromAldrich) (0.4 g,

vi al condaamomgr prodsctsd Tb¢ dqhyﬂm:lmlnlﬂf @thag‘bletglethylfmcei $Im“aldrerlbw Fl sher) The

m xture was stirred for 15 mn at roomtenperature, and then, 0.6711 g
(1.73 nmmol ) of soli d/ﬁtt?nggA(N@Tz—m dri chr—wer e addddOThe i xture was

stirred for another 15 min at roomtenperature, and then added drop wi se to
5.0 g 49098 0 AGadi ke waudsppdration catdyﬂgﬁam’be eroplogedimtto defedirite athlanolThiehmst al

sol uti |rred cont i nugusl. ' m e had been
added ?leos\fé\ﬁgscﬁ 6% IeGose n%&B@b‘if’bX%ug ArPB I%att’ioﬁé\sot ﬁgﬁé igzaﬁi every
addi t i otpplicatit |b. 120321t 138Nthe AhtiRS coRRINR DI didtIdsiRs 3 dihtdhoRe Rérebne net al
solution, the flask cont al ni ng the inpregnated catal yst was | eft standing

at r oonReoEpRTRied by refereaee. t Ageolia catalyshéorfaxamiploamay hempiayedebthe to a rot or
evapor vac [l e |Ie s| oW y
rotati %H#‘Hg@ﬁ %(lﬁﬂ"ﬁ)'ﬁ&e}ﬂna glﬁ)e ha%gghz)n?ed&?%lggﬁ %t kearsgo 381 gl}‘?il %ﬁbelzoc
and t heused; @lrafexmaﬁzeohtels gndlllitb}: dahwnaﬁbm gathlesm eélectted ﬁomrtﬁe gfovp c3hdistingldf0C r anp

5.0 deg/ m.n; 5o Ohurs 0-->5 Q deg/mn; hold for 4
hour s. rgq:lates, 2, azgcphta FFaYe ,Zleghte X Wgescrlbed for example, in U.S.

FS%%Q?%E%%@?%%‘?@%& Eﬁpﬂ’% Ro PR RR s b il ey

cat al yducospgrpted by (Se@Red. OAaﬁc)htAlcQt@Bf,st 1Bayl b&nsedite coretitRAtlyrdaly)iraté efhanoled by

br epar SIS AR ARG Pt ey DcerreCahTians s S B R auncom ddd peion.)
fol | ongggay t hp ashdihets GheR- a&n%uxefofeﬂllyl ettt and QRarol B 10 o HAy B

NALCO) . The suspension was stirred for 2 at room tenperaturé and then
added Wgsizdgo dutter ke bthe @@ztimr@ym ord@mp @rmc}( the nEi@ture g#)lﬂnsthqqthyrh ecqmte at

wet nes h t. r 2 e _nater evapor at ed
o dr v nEor T Sumer el AN SthanSlansd Bl i B8 AERLRE I BF LSk 1 - and
cal ci nairoagishytrolysie 6f ﬁﬁreﬂ@l Iaeeuate in Mel prédenther dﬁ%ﬁﬁca@dﬁt% make@dtfdonyyas then
used for ﬁ(fﬂg net al regnatl on. [0106] The cat alc&llts were prepared by

first SHap ﬁe@mcz)czd lilerma%eﬁ@fiéhensmso regy¢led hack i thechydregenaern g, 0. 86
nol ) ? syial containing 6.75 m of 1:1 diluted glacial acetic acid

(Fi she The m xture was stirred for 15 mn at roomtenperature, and then,
0 3350 [@10(16) 86T lnmfmlll))wufg sainiptbs Fefdibi 3helpicBiuzes ik d forchy preparatialdevhrioine
mxture g ajrg anot he 15 mn at roomtenperature, and then added
drop w® tg'ée péoyg? Jp g R59CeEs & B8 WYHiOPt . in a 100 nl round- bot t omed

fl ask. After conpl eting the addltlon of the metal solution, the flask
containing the inpregnated catal yst was |eft standing at roomtenperature
for two hours. The flask was then attached to a rotor evaporator (bath
tenperature 80C), and evacuated until dried while slowy rotating the
flask. The material was then dried further overnight at 120C, and then

cal cined using the follow ng tenperature program 25--> 160C/ ranmp 5.0
deg/mn; hold for 2.0 hours; 160 --> 500C/ ranp 2.0 deg/mn; hold for 4
hours. Yield: 5.19 g of tan-col ored mazt7eri al .




Exanple 3 - Si02-CaSi 3(2.5)-Pt(1.5)-Sn(0.9). [0107] This catal yst was
prepared in the sanme manner as Exanple 1, with the followi ng starting
mat er i al swoQoR@sg360f CaSi O3 as a support nodifier; 0.5 mCTafS2@olokszial Si 02
(15 wt % sol ution, NALCO), 0.3355 g (0.86 mml) of Pt(NH3)4(NOG3)2; and
0.2052 g (0.86 mml) of Sn(0Ac)2. Yield: 10.90 g of dark grey material.
Exanple 4- SiO + MgSi B-Pt(1.0)-Sn(1.0) [0108] This catal yst was prepared
in the sane manner as Exanple 1, with the following starting materials:
0.69 g of My(AcO) as a support nodifighpled- 3 9 of colloidal Si02 (15 wt.%
solution, NALCO, 0.2680 g (0.86 nmol) of Pt(NH3)4(NG3)2; and 0.1640 g

(0. 86 fatalyst Brepaiationn(eenerBR367PCT/ US2010/ 022953 Sn(0Ac) 2. Yield: 8.35 g.

The Si 1.4 ted wi.t ti f AcQ).. and | |.oi dal
02, RACLODDHle Pl GRERPENGS: Bl wdBs tteralnd et SRt tor' s ©°
Si 02- Cass. 8l opmbetdalShppsi(sl].c., SO0 evetd §52d @adi1 PBOTheshD6H ihii€ brigaiaR| YsSt .
support was_prepared as described in Exanple 1. The Re/Pd catal yst was
prepar é%ﬁpﬁr(éﬁ6wfli g/ e gsh prigsk undessmeptionsd athgrwyse( Popaletedanatesials warst es)

with a | b P t al

sol uti %lzaf\%g@;é?)s?lg%gltr‘deg%y |?lg{% rﬁ%@??ggﬁgﬁ@ggd( gﬁ%@?ﬁ%ua?gﬁ§l mmol) to a
vi al ceorepaiatipngoflitic thvehtiaf, asieietias zedpaddtive dampbdsxarerdesonibed & detaibbelbwr 15
mn at _roomtenpera 8 d.0.1756 g (0.76 mmol) of solid Pd(NO3)2was t hen
added.&ﬁ@gﬁk@ng@—gé—é@w i Sade8)anot her 15 nmin at roomtenperature, and
then afiged) dr ophoaflys ad réiBE&d ﬁ%gtyadéh%?cés??og’é&l@ﬂ&b% A, ¥gthlygupport in

a 100 m round-bottoned flask. After conpleting the addition of the netal
sol ut i suppotthfollomad bydhnadditiomef Rtfsn. iHipt, agaguedds sedpahsion ofaSiDe{« 28@ andi ng

ol of DT PRATEL by it 08 £t s talidgdS ol CEsiopieed KOy falouea Dy tee o of
br Omdaﬁiggﬁ 8t 1.0 BXMRbRoifal ST00¢r 7R84 é%ru%&ﬂm??gé) Bae %@H&l&m&e&&&dand

nmeshe surface area silica NPSG SS61138 uni form
for 2 h at room temperature and then added to 10.0 g of SiO, catalyst support (14/30 mesh)

using incipient wetness technique. After standing for 2 hours, the material was evaporated to
dryness, followed by drying at 120°C overnight under circulating air and calcination at 500°C
for 6 hours. All of the Si0,-CaSiO3; material was then used for Pt/Sn metal impregnation.
[0104] The catalysts were prepared by first adding Sn(OAc), (tin acetate, Sn(OAc), from
Aldrich) (0.4104 g, 1.73 mmol) to a vial containing 6.75 ml of 1:1 diluted glacial acetic acid
(Fisher). The mixture was stirred for 15 min at room temperature, and then, 0.6711 g (1.73
mmol) of solid Pt(NH3)4(NOs), (Aldrich) were added. The mixture was stirred for another 15
min at room temperature, and then added drop wise to 5.0 g of Si0,-CaSiOs support, ina 100
ml round-bottomed flask. The metal solution was stirred continuously until all of the Pt/Sn
mixture had been added to the SiO,-CaSiOj; support while rotating the flask after every addition
of metal solution. After completing the addition of the metal solution, the flask containing the
impregnated catalyst was left standing at room temperature for two hours. The flask was then
attached to a rotor evaporator (bath temperature 80°C), and evacuated until dried while slowly
rotating the flask. The material was then dried further overnight at 120°C, and then calcined
using the following temperature program: 25°—> 160°C/ramp 5.0 deg/min; hold for 2.0 hours;
160 — 500°C/ramp 2.0 deg/min; hold for 4 hours. Yield: 11.21 g of dark grey material.
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particle size distribution of about 0.2 nmwas dried at 120C in a
~circulating air oven atnosphere overnight and then cooled to room

t enper at Wwe.20Tas83i7s was added a sol uti on of zinc nitrareThiSzayedvat e. The
resulting slurry was dried in an oven gradually heated to 110C (>2 hours,
10C/ min.) then calcined. To this was added a solution of platinumnitrate
(Chenpur) in distilled water and a solution of tin oxalate (Al fa Aesar)
(1.74 g) indilute nitric acid (1IN, 8.5 n) The resulting slurry was dried

in an r-ad t >2 hours, 10C/ min.). The inpregnated
Lat aly il S bﬂi@%ﬁéﬁ#&?&’% SOOCU(ESS hour s, 1C;m' n). IExma)trrp:‘:]e 7
addi ng, GaS 8 10 therTLCp cat ol yat (Anatase. 14/30"pmshy suppart fol | oved
o T TDshABOn P Fie bi/a msehy. Feifonsed i tee 20Ty éii%ﬁéaa@aus

? o DeD AL busf B bR AT RIS VR B drelt by Al ‘f%%o?z gogthedbug REAER 1 <
Si 02 (8 o\ﬁ/ti&ioﬁtjbdllﬁﬁ[lfoé%ﬂl@)f tlieéat&ghtﬁnﬁqif é)_rl_&lgg of wamlm Si0ed 5wato 8@%1%}@16 r ooLn)
terrperat ur an then a e to 0 | cata u nes
N 6P b nt he spRasOnVEsHHHIT éorngﬁferm@ttslﬁa?rﬁ ¥ t% R 5%{ dt0 3.0 g Jor
53'12,9 Ofcgﬁgs(épgg;d %ﬂﬂap%(z%:?/%%léag}ﬁ lrngﬁ)l%%fﬂegé t%:‘l@ﬁ R AR 3tRdinkFod yness,
QH t 120C over mS%Fﬁ %

follo der circulating air and cal cination
at 5001’1‘mﬁns,rth6 mmmm wag\eVapofat¢die dfyﬁiﬁs Talsra3] bppdeyingdt 1204 vernightwdlef or

0. 4104 B st A SR el Cagi  bifihg AR B b B eSOt Eb T
Exanpl eheh-usdd f&r®t/Shindaldmplegdnh@d. grey material . Exanple 8- Pt(2)-Sn(2) on
H gh Surface Area Silica. 0112] Powder ed and neshed high surface area

si |'i calNi98t ssEhelwlys_t.we@)prmar by Brstragshing Pa(QAD? £ién agetate.iS(P AR B¥mabout
0.2 | ht and
Chen AT 248k, ol BSbihRite o 2s it ST BRRReeBHe R P,

hexahy @Fighe). (ﬂfeempum)a waEharreaeSculmrﬂ@ a8 kouni yenvyesatolie] &l then marsogmog;éadual |y
heated to 110C (>2 hours, 10C/ m.n then_calcined. To this added

ot gtmel Ol Prrmmwgf»xz B atere paded JeFImisareRpERES OB AT Pon of
tin oxgliaberdof fefhph e1n'dr1hé11 ddd &dﬂipt\{l &@9 %h of §1@2! r@sacg)ﬁ b@oﬁl %5310@"&5
dr radual y

ied in an oven eated to 11 ours,
i npr eg nﬂtremd:bmminyedtﬂaskxtAlfteecmpletm@ﬁlecaddmon@rﬂ tlwtmaeD(Oh(tﬁmhdlﬂﬁbsk 1C/ mn).

Exanple 9 - 113].Th t

e bi GRS D PR e s KA TR B Aty it teupE CRSPRHoRD: e

Al 203, naudwe@rh Gitacked @tpa Pfﬁ&@v ?&aﬂﬁ%ﬁef e'reﬁu@m @n&evéEh@teﬁrﬁﬁﬁ'l' dried

sol utions were prepared first adding Sn(OAg 20 2040 0.86 nmml) to a

vi al covhilgishivily ratatise the ﬂaﬁk 1The waterinkbdagjther dei¢ r@vemg at1R8°Grird ur e was
stirred for 15 m n m.t epper at ure, and e ( ml,) of
sol i d %E %%\t‘ﬁ Vb e ot 2aas 160G rane P oieeianRd )5 i n
at r 00%#236‘111&51@1 102> SeCHAA ?2%&%@%8&&%@%& OY§1§ 9“19%r of thifediBred

cat al yst support (14/30 mesh round- bottoned flask. Al other
mani pulh@térahs, drying and cal cination was carried out as described in

glxgrerlsg 16. !CY;I e:’ga -é'%@ g .ﬂtPthéE_-&%%ﬁ.ed material. Exanple 10 -

[0107] This catalyst was prepared in the same manner as Example 1, with the following

starting materials: 0.26 g of CaSiOs as a support modifier; 0.5 ml of colloidal SiO; (15 wt%
solution, NAL.CO), 0.3355 g (0.86 mmol) of Pt(NH;3)4(NO3),; and 0.2052 g (0.86 mmol) of
Sn(OAc),. Yield: 10.90 g of dark grey material.

Example 4 — SiO,; + MgSi03-Pt(1.0)-Sn(1.0)

[0108] This catalyst was prepared in the same manner as Example 1, with the following
starting materials: 0.69 g of Mg(AcO) as a support modifier; 1.3 g of colloidal SiO, (15 wt.%
solution, NALCO), 0.2680 g (0.86 mmol) of Pt(NH3)4(NO3),; and 0.1640 g (0.86 mmol) of
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[ 0114] Powder ed and meshed high surface area silica NP SG SS61138 (100 g) of
uni form particle size distribution of about 0.2 mMmmwas dried at 120Cin a
ci rcul at iwgQ 2aiwos836en at nosphere overni ght and then cool edTiUsS2010022953
tenperature. To this was added a solution of tin acetate (Sn(0OAc)2). The
resulting slurry was dried in an oven gradually heated to 110C (>2 hours,
10C/mn.) then calcined. To this was added a solution of platinumnitrate
(Chenmpur) in distilled water and a solution of tin oxalate (Alfa Aesar) in

di | ut eSH{GAé)S AEdlg §hs of %'élstiepglp'f)bﬂﬁg unpr%%aa?e@la&ﬁloééaﬁﬁgmﬂéﬁm 442953

was dried in an oven gradually héated to >2 hours The

i npr egeelicadal Ga®al The suppsat iy driedeand ithenrcateanesl tad@VHE. 500C (6 hours, 1C/ mn).
Exanpl 11 i ) J(%Z_Ba (é iﬂ( 1.8). [0115] The Ti 02- nodi fied silica
suppor leSS 3 ;En‘g%éi % )P olution of 4.15 g (14.6 nu-nol) of

Ti { OCH{(3109) 2} 4THeBiD»{TaSpRYTS) méd;ﬁe&tétah&@ﬁsupﬁ@iedfaﬁp@wieaes tescliBeding of Si 02
catal yst support (1/16 inch extrudates) in.a round- bot.toned fl ask.

The fi Bsamplsd. | HreRePd pinlyst wasrprerasedhbian by &PPWSMﬁ%é%Eﬁ%@%Sé@@h@/ then

C). Next,
%a(r:nuagcﬂ %?g%tzszgﬁﬁz%sd\ﬂggmglsg\% %h cgﬁﬂ to %Ré(?‘\ ask an ? ?;gé ﬁnﬁ?‘grl)al wgs
| eft stalndonsgvérepreparadiby. ﬁr?ﬁmldrrgﬁﬂd{me{g (0ERRT £.2.70 nmmi))to aneigl doneamingmoved
by fil t dt t f H20 ted t t
final hebart Shdefmet eh the mauee srb S HrghRr R G0R blonEL FaRRBHE 110 & Honed
by cal gl(m&shﬁﬂo1%f§ﬁf2@cf(ﬂb3whwﬁél adéd. ?ﬁe ﬁﬁs&m%lv@a% sﬁh@@fd‘r’%%a@!h'eﬁism then

used for Pt/ Sn metal inpreghation using O.
Pt ( NH3p4oNG3p@penatire, aad Oenpdded d®prwist jo X 0 snf dlé(cSl@zf(@ I()ﬁlﬁﬁsm@s caﬁi@lyfﬂr ocedur e

descri bed abov 11.9 h

oxct r ucSgiEeR g B SR Bepded Qeska ochbetpictng tnegftatiof o g i doMon
W3- noehef AR c§ﬁthinﬁ%tﬁb‘ PRpfe né&@&ce[iélgﬁ&l’/a@defﬁﬁtaﬁdlhg @ﬂ@onﬁeﬁfpbﬂaﬁh@ [‘erﬁvol 24 9
(0.42 mmol) of 6H2WL2 in deionized H0 (14 m) wa

added h@@pméleoth@ manipplgfioss (giymp@esglw m& 8aTEEY gut @Lﬁﬁwrhed(usﬁxan@so
n2/ g, ;}/ J@elhpqp g({)fﬁ}gﬂ,;ﬁ@t ﬁe{f a 100 m round-bottoned flask. The fl ask was
n 0

| eft standing urs at roomtenperature, and then evacuated to
drynesExambl’ecﬁaSi(Qt-Z)mO(é\)Qlﬁ(ob-Shar) (bath tenperature 80C). The resulting

i al d 20C h d [ | atd f ol db
cal oi ntlh” ot Porpisesd il oG RER PR Hicq MNPSOS (00 0 b

mat er i Ml Sia g (1.73
nmol ) g%m\létﬁ?sll\liHS ik g 3%&85%(5 %3104 QP ?hwmblém gglrgﬁ%to ce?’é%? %rIiLI ow ng the

pr ocedamssgbere lowdmal:ghabmd/‘éleﬁ ©polEk tmmbfn temp¥fagirel: Tol@usmasgawf:d daolatignefy 1/ 16

Sur 1 ac BRGSO o SR TR WSS Mad PO T i Bl i o

sili ca(:ézlﬂ&u%)loe@/nuﬂl)ft&mam{efdl qloahfsi v adilsd 4 bdlulibrP6r SatimROHErah 2 MM was
dried at 120C in_an oven under nitrogen atnosphere overnight and then

cool ed(€kemppshin distled avaiereand Rsolution ofitis oxaldted Adfasisan)i(bri4 @) in dilmteniltiat e

(Zé\llg_?oégé Z%} Bﬁgaﬁ%ﬁ%@}%‘% léHﬁ—Sf Whddrled if%h Bvid Qad@alﬁl need to 110°C 2

hours, 10°C/min.). The impregnated catalyst mixture was then calcined at 500°C (6 hours,
1°C/min).

Example 7 —Ti0,-CaSiO3(5)-Pt(3)-Sn(1.8)

[0111] The material was prepared by first adding CaSiO; to the TiO; catalyst (Anatase,

14/30 mesh) support, followed by the addition of Pt/Sn as described in Example 1. First, an
aqueous suspension of CaSiO; (< 200 mesh) was prepared by adding 0.52 g of the solid to 7.0
ml of deionized H,O, followed by the addition of 1.0 ml of colloidal SiO; (15 wt% solution,
NALCO). The suspension was stirred for 2 h at room temperature and then added to 10.0 g of
TiO, catalyst support (14/30 mesh) using incipient wetness technique. After standing for 2
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ml). The resulting slurry was dried in an oven gradually heated to 110C (>2
hours, 10C/ mn.). The inpregnated catal yst m xture was then cal ci ned at
500C (6 hwore11/05836m n) . Exanpl e 14 - Gas Chronat ogr aphi ®@CT®ESp01A024993i s of
the Crude Product Hydrogenation [0118] Catal yst of Exanples 1-13 were tested
to determine the selectivity and productivity to ethyl acetate and et hanol
as shown in Table 4. [0119]1n a tubular reactor nmade of stainless steel,
having an internal dianeter of 30 mm and capable of being raised to a

cont r olhbed, the mpedrid wae ;evztﬂmwd far dryrdss,aoliesleSby diyirgf atd20%0 yedrnighsieldr i n

A YN A T ST B A S bavilend o thens
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carrier gas wth an averdge conbined gas hour spac

t enper &t.U3 eymahdf Ppn(Em)y ollawingitie patcedure tde%mtbbé ifExahiyse fl e &deldt déarg of
cont ai neg a no tio hydrogen to acetic acid as indicated in Table 4.

[ 0120] P&t gﬁ%qur??of the products was carried out by online GC. A three

channelpxgRBREL Pi)-SAQ) BREHNEhfa®NSreh KA. 1 oni zati on detector (FID) and 2
t hermal conducting detectors ) was used to anal yze the reactants and
d/iughe&qcfra

produci@112fhe Povwdaredsrameshe poarda slichNER GR35 14 381 (H0@)-oSuhifem( 20 m)

pcet on bRt g SRbHETH & GolfHi2 iR QS0 in PER AR Sy a7

Et hyl e Iaﬁn@p}la@ovém@gkﬁhﬁd then Ebbll enogd (apeiankt.Tyd ihkewss 4lidag atsaludion and
Par al dehyde, The_m ddl e channel was, equi pped with a TCD and Porabond Q

col urm niFree hexahydrats (Coempunit iThg reselting shirmy,wasdriedn gn evemaaduatiychepted o
h t
channe flyﬁ‘@ﬁgl%%hl um@gﬁ%ﬁﬁ;%@leﬁggcﬁl@&i Wk}g %Eaédéd nggIbgao’fﬁ!la‘{ﬂ ‘ig&&’[e 0

quant i rogen han on  nonoxi
[0121] E@h@npurb)nr distdiddomater dnden sobitiontaf din oxblate (@ﬂfatmm)im tHdutemitric acjdo Tt s

a1 br AU e ] A Aoy BB Ok DI T

li quid ngpieghm@@éatafysﬂ&ﬂ&me GRSRRSI chlcHRa at 500°8 @Hoaneted/Rgnydet er mi nat i on of
the response factofrs for the various conponents. ¢\l /r 'VD oo on VD cA on

VD VD &xamapled- YA MO-RUG)EN(DB).00 00 V-r- N -00. 7rCNICI INC: ). 1- M) ?-4 CA
V- VD Y(H 1\5']-) kt ’Phe;[ rrnartlter71%1 WasnpreNpared by incipient wetness impregnation of KA160 catalyst
support (Si0,-(0.05) Al,O3, Sud Chemie, 14/30 mesh) as described in Example 1. The metal
solutions were prepared by first adding Sn(OAc), (0.2040 g, 0.86 mmol) to a vial containing

4.75 mf of 1:1 diluted glacial acetic acid. The mixture was stirred for 15 min at room
temperature, and then, 0.3350 g (0.86 mmol) of solid Pt(NH;3)4(NO3), were added. The mixture
was stirred for another 15 min at room temperature, and then added drop wise to 5.0 g of dry
KA160 catalyst support (14/30 mesh) in a 100 ml round-bottomed flask. All other
manipulations, drying and calcination was carried out as described in Example 16. Yield: 5.23
g of tan-colored material.

Example 10 — SiO,-Sn0,(5)-Pt(1)-Zn(1).

[0114] Powdered and meshed high surface area silica NPSG SS61138 (100 g) of uniform

particle size distribution of about 0.2 mm was dried at 120°C in a circulating air oven

atmosphere overnight and then cooled to room temperature. To this was added a solution of tin
acetate (Sn(OAc),). The resulting slurry was dried in an oven gradually heated to 110°C (>2
hours, 10°C/min.) then calcined. To this was added a solution of platinum nitrate (Chempur) in

distilled water and a solution of tin oxalate (Alfa Aesar) in dilute nitric acid The resulting slurry
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,catalyst mixture was then calcined at 500°C (6 hours, 1°C/min).

Example 11 — Si0,-TiO»(10)-Pt(3)-Sn(1.8).

[0115] The TiO,-modified silica support was prepared as follows. A solution 0of4.15 g
(14.6 mmol) of Ti{OCH(CHj3),}4 in 2-propanol (14 ml) was added dropwise to 10.0 g of SiO,
catalyst support (1/16 inch extrudates) in a 100 ml round-bottomed flask. The flask was left

standing for two hours at room temperature, and then evacuated to dryness using a rotor
evaporator (bath temperature 80°C). Next, 20 ml of deionized H,O was slowly added to the
flask, and the material was left standing for 15 min. The resulting water/2-propanol was then
removed by filtration, and the addition of H;O was repeated two more times. The final material
was dried at 120°C overnight under circulation air, followed by calcination at 500°C for 6
hours. All of the SiO,-TiO, material was then used for Pt/Sn metal impregnation using 0.6711
g (1.73 mmol) of Pt(NH3)4(NO3); and 0.4104 g (1.73 mmol) of Sn(OAc), following the
procedure described above for Example 1. Yield: 11.98 g of dark grey 1/16 inch extrudates.
Example 12 — Si0,-WO3(10)-Pt(3)-Sn(1.8).

[0116] The WO3-modified silica support was prepared as follows. A solution of 1.24 g
(0.42 mmol) of (NH4)sH, W 12040 - n H;O, (AMT) in deionized H;0 (14 ml) was added
dropwise to 10.0 g of SiO, NPSGSS 61138catalyst support (SA = 250 m*/g, 1/16 inch

extrudates) in a 100 ml round-bottomed flask. The flask was left standing for two hours at
room temperature, and then evacuated to dryness using a rotor evaporator (bath temperature
80°C). The resulting material was dried at 120°C overnight under circulation air, followed by
calcination at 500°C for 6 hours. All of the (light yellow) SiO,-WO3 material was then used for
Pt/Sn metal impregnation using 0.6711 g (1.73 mmol) of Pt(NH3)4(NO;3), and 0.4104 g (1.73
mmol) of Sn(OAc), following the procedure described above for Example 1. Yield: 12.10 g of
dark grey 1/16 inch extrudates.

Example 13 — Comparative

[0117] Sn(0.5) on High Purity Low Surface Area Silica. Powdered and meshed high purity

low surface area silica (100 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 tin oxalate (Alfa Aesar) (1.74 g) in dilute nitric acid (IN, 8.5
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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).
Example 14 - Gas Chromatographic (GC) Analysis of the Crude Product Hydrogenation

[0118] Catalyst of Examples 1-13 were tested to determine the selectivity and productivity
to ethyl acetate and ethanol as shown in Table 4.

[0119] 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 catalyst
listed in Table 2. The length of the combined catalyst bed after charging was approximately
about 70 mm. The reaction feed liquid of acetic acid was evaporated and charged to the reactor
along with hydrogen and helium as a carrier gas with an average combined gas hourly space
velocity (GHSV), temperature, and pressure as indicated in Table 4. The feed stream contained
a mole ratio hydrogen to acetic acid as indicated in Table 4.

[0120] The analysis of the products was carried out by online GC. A three channel
compact GC equipped with one flame ionization detector (FID) and 2 thermal conducting
detectors (TCDs) was used to analyze the reactants and products. The front channel was
equipped with an FID and a CP-Sil 5 (20 m) + WaxFFap (5 m) column and was used to
quantify: Acetaldehyde; Ethanol; Acetone; Methyl acetate; Vinyl acetate; Ethyl acetate; Acetic
acid; Ethylene glycol diacetate; Ethylene glycol; Ethylidene diacetate; and Paraldehyde. The
middle channel was equipped with a TCD and Porabond Q column and was used to quantify:
CO;y; ethylene; and ethane. The back channel was equipped with a TCD and Molsieve 5A
column and was used to quantify: Helium; Hydrogen; Nitrogen; Methane; and Carbon
monoxide.

[0121] Prior to reactions, the retention time of the different components was determined by
spiking with individual 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.
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acetic acid and hydrogen were passed over a hydrogenation catal yst of
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the present invention conprising 2 w %Pt; and 2 wt % Sn on high surface
area silica (NPSG SS61138) having a surface area of approximtely 250 nR/g
at a ratiwoabiingadsegen to acetic acid of about 160 sccnPriruski/82989 g/ mn
HOAc, the hydrogen being diluted with about 60 sccmimn N2 at a space

vel ocity of about 6570 VI and a pressure of 200 psig (1379 kPag). The
tenperature was increased at about 50 hrs, 70 hrs and 90 hrs as indicated
in FIG 3 and FIG 4. The productivity in grams of the indicated products
(et hangl , acet.al dehyde, and ethyl acetate) per kil ogram of catalyst per
hour aﬁégﬂm—%%iiéated in FIG 3, and the selectivity of a catalyst for the
var i ouoIRepducygporized hdrtic aeidedd hdiogén wérepasiedidver sRpdogdration batalystadfi ng
productivity of or selectivity to ethyl acetate, the internedjate_|line

i ndi cathemgessnhiamentionremprising At %o Btnand hwt adn pyhighsuepesegigrialica (NESG

d $ o f i | . o for.
coet al SapcD BERKE s stheie s de3BBlox IRl DO WAL il tefld of RoRS) ERbLE dota T

i nsensbf about Y6®@$cchttmicHp:al.§%§/min Hvae dieshydiogearheargadilutel wik ebduti68 cat al yst
wel | -suited.f e in 0-cal |l ed i,ahatic reactor  jn whi e

{ enper ST BB RG L& RACE HEISFIRG ) 2ROHy Evab@ﬂéaeéﬁsa‘irm 2{%‘2851&@%3&9% | ow and
unevenThatEngbathRalasiifarRYRY of SR 50 frs! FRAlsAnd o QL] iMlich@d iDeId. nvgat | on has

been described in detail, nodifications within the spirit and scope of the
i nvent FEa 4ai The tredwatiadly liy geappsand ¢l intlivatetl pswlugfts (sthiandl, dontaldebyds, and ethyl/i ew of

the foregqin I,scussi,on, .rel evant kno dge | he t and. ref erences

i e cuo e by AR A R R BB T ok o St Bacor ot i on,
the di sahstfortheGhriviN SiodadtearlihditAePMINGAYefBE @bpertinehifdiedtppce. | n
addition, it should be understood that aspects of the invention and

por t i oREPAYEtivityr ofe seleetiiaty tasHiys acatate.the intermetiata linedndicating dbaned prdithgnd/ or
in the ; . I i roh Dk g | ! | e or
in par %O%Pelqﬁﬁg Eﬁejdlg%ir?lggg?tﬁfgx es bfr:[?p c}ngﬁlgregf%t%réﬁ%f?%gﬁg&é agg%g%ﬁp sn\,lg}ft)hose
enbodi amhsedectivite fort adetdldéhydanetdlew. RSB amd ¢ dempniieatathat thprelativl y conbi ned
wi th ot her .enbodj pents as w!I | be appreciate one of il.l .in the art.
Fur t helRERSSVIBHRISE® atalgridp \ﬁlamegm ‘efbrrt, gwg? ﬁﬁwat@elyw@tﬂl@é £onYs5in f he

f or egoiin Qi d IS ; I tiat to
| o et e Raclop AT sl B0t Wer Mo aRERe |

cat al ybed dentophé bivnandaurfeivers tatgref klat remoyekioom theteattonnd a support, wherein

the fi t i,s.selected. fromthe grqup.consist.i.ng. of njckel, | | adi um
and ol WAL P SRESLRR e 5 disesthed 15 pERR O bRERiCR bl Bis s and e
total wWejpghif tif intdiios atifilb Ttadildgp MR 16 itibst BEsISRGRIHE A tIalvidvs os@kect ed from
t he group consisting of nol ybdenum rhenium zirconium copper, cobalt,

tin, afdegeingdisessigneretdvant knovwdedegliy the arbandaeteeinses diggusgedabose Hy| acet ate
of gre . . 400 1. Ih j rej . K nmetal is
pr esenisl 5@‘%0%%%%]3%}( §g ug‘flgﬁagjﬁﬁlte%ﬁeﬁ Q’ﬁf(ﬁ’g} %13 deta Oeslﬁﬂegg%%b%h a%‘%”ed on the
total webglthated hérbi Wakdratit. 13.addifientiatlduydbe ofidegdteadthat asphies ef thet he
support is present .in gn anount. of 25 wt.%to 99 w. % . based ond} he tot al
wei ght IBentigfeandarostigasiof varioysrmbodinipais pndyanquaieRtires e pelovfadon gbdet i s
sel ect %&HQ&%M&% PEPHP cGRORES bt fﬁ%r&iangécpaﬂfa‘ i@@h(él% ok b Bart. A4 RRegoing
silicalalumnas, titania, zirconia, nmagnesium oxlde, calciumsilicate,

car bondeggrippinst of thdvagtous embadimentsg thoge ephodineetd waclomfer taehothat ed car bons,
and mxtures thereof. 5. The catalyst of claim 1. further conprising, at
east  SMECTRSEbRRY b appoBralsh combuirdny BhoPreeboslients as Ll braPrstcigted by

al kal i Bge skl iRt alt. xitHEMoré,ithdscf bRliharyBEkMl in Wd ALHill ﬁ%ﬂr&&iat@-'tﬁ‘a@'tﬂene earth
metal metasilicates, (iv) alkali nmetal netasilicates, (v) Goup JIB netal
oxi desfor¢gaing desstiption B byevay ofrexpmplel dndatand js fatiintpndadda bimit the inwention.oxi des,
(viii) Goup I'l1IB netal netasilicates, and m xtures thereof. 6. The
catalyst of claim1, further conprising at |east one support nodifier

sel ected fromthe group consisting of oxides of Goup |IVB netals, oxides of

Goup VB netals, oxides of Goup VIB netals, iron oxides, alum num oxi des
and m xtures thereof.
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WD 2011/ 053367PCT/ US2010/ 022953 7. The catal yst of claim 1, wherein the
second netal is present in an anount of fromO0.1 to 10 w.% based on the
total weiwbtonofossdse catal yst. 8. The catal yst of clai m 1pPCRUS2@0021958

catal yst has a selectivity to nethane, ethane, and carbon di oxi de of |ess
than 4% 9. The catalyst of claim1, wherein the catal yst has a productivity
t hat decreases | ess than 6% per 100 hours of catal yst usage. 10.The

catal yst of claim1l, wherein the catalyst has a surface area of from 50
n2/g to 600\’9‘1¢lﬁ‘i rocess for preparing a catalyst, conprising: (a)
contacting *metal precursor to a first metal with a support, wherein
the first nmetal is selected fromthe group consisting of nickel, palladium

and pl ati num b) contacting a second netal precursor tq a.second netal
3 ierstweish iR

with the supgtalyStyieerEISHaRstBeBha sreand metal and|asupBertiw Soup

consi sting | ks P L, 1C QIQQ? hiY jsand
zinc; and c?}ﬂﬁgeéaéﬁégéga%%&%%Bwoﬁﬁgggeggl%?li ?Eg%gfug%fec %ttl/rlem%gﬁt}'lgduce t he
first metal pesenttinen smoum@reatraharnhat¥pbased be theaiptill yeight ofithe satalysthiend

catal yst conprises the first .nmetal jp an, anmobunt gr.eater. than 1 wt% based
on the ot aPRsH e serondiestaldt sfioned fod InERUP spdi Mgt ool iens her oi n
the heat i ngRaGIH idbhiGm, 86/RE, coBalt, datdline 4l WhereRr s esslydfhaghai m 11,

wherein the heating occurs between steps (a) and (b) to reduce
selectivity to ethyl acetate of greater than 40%.

2. The catalyst of claim 1, wherein the first metal is present in an amount greater than 1

wt.% and less than 25 wt%, based on the total weight of the catalyst.

3. The catalyst of claim 1, wherein the support is present in an amount of 25 wt.% to 99

wt.%, based on the total weight of the catalyst.

4. The catalyst of claim 1, wherein the support is selected from the group consisting of
iron oxide, silica, alumina, silica/aluminas, titania, zirconia, magnesium oxide, calcium
silicate, carbon, graphite, high surface area graphitized carbon, activated carbons, and

mixtures thereof.

5. The catalyst of claim 1, further comprising at least one support modifier selected from
the group consisting of (i) alkaline earth metal oxides, (ii) alkali metal oxides, (iii)
alkaline earth metal metasilicates, (iv) alkali metal metasilicates, (v) Group IIB metal
oxides, (vi) Group IIB metal metasilicates, (vii) Group IIIB metal oxides, (viii) Group

IIIB metal metasilicates, and mixtures thereof.
6. The catalyst of claim 1, further comprising at least one support modifier selected from

the group consisting of oxides of Group IVB metals, oxides of Group VB metals, oxides

of Group VIB metals, iron oxides, aluminum oxides and mixtures thereof.

36



the first netal and after steps (a) and (b) to reduce the second netal.

14. A catal yst conprising a first netal, a second netal and a silica/alumna
support, wbhepdiosdishe first netal is selected fromthe grouScansewss ng of

ni ckel , palladiumand platinum the second netal is selected fromthe group
consi sting of nolybdenum rhenium zirconium copper, cobalt, tin, and
zinc, and wherein the silica/alumna WD 2011/053367PCT/ US2010/ 022953
support conprises alum numin an anount greater than 1 w.% based on the
total wei ghtl“hgfcatfaf}':?ﬁ & S HREEN HeSRectld hé&dl i@lpwma}naﬂaﬁ%ﬁt FHbriag 18
surface area of at |east 150 n2/g and wherein the catal yst has a

sel ecti vi t y 10 ovtébhasecharethattetabieighteafitbe catdlgst. 40% 15. A cat al yst,
conprising a first netal, a second netal and a support, wherein the first
nmetal is selected fromgroup consisting of nickel and palladium and

wher ei 8.t he TheeaR M cMim B wiRk@f R afdl RIhAdescdlsctivity 6Pmeihahd, Rthadé, ahiin and
zinc, wherein the cat alfyst has a selectivity to ethyl acetate of greater

t han 40% 16arbondioxideafyess than 4%ai m 15, wherein the first netal is present
in an anount fromO0.1 to 25 wm.% based on the total weight of the
catalyst. 17. The catal yst of claim 15, wherein the support is present in
an anoynt f rmecaalyst O6d4mO0 . vwhendiflthdasdgst bas 4 pdhatvady thidtidgbreases 1dshehan
catalyst. 18  The catal yst of claim15, wherein the support has a surface
area of frofrseeriPPhops cdoatalsl 2299, The catal yst of claim 15, wherein the
support is selected fromthe group consisting of iron oxide, silica,

alum na, silica/alumnas, titania, zirconia, nmagnesi um oxide, calcium
silicafle, cdhboatalygrafdiitel, whegdin sherdatadyst hasasugfaap bichiof &oncs) indig,to 408 i vat ed
car bons, and zyri xtures thereof 20. The catal yst of claim15, further
conprising & ’&east one support nodifier selected fromthe group consisting
of (i) alkaline earth netal oxides, (ii) alkali netal oxides, (iil)
alkaline earth nmetal netasilicates, (iv) alkali nmetal netasilicates, (v)

G oup JI1B nét procesgiferpreparing)a w@tadyst, cONBrisgal netasilicates, (vii) Goup

,|[ IerB eg]?t al ?a)lsl de%bntglgﬁn'g' Qﬁrcsat’ 2t {)}ekllia’rsgre ’cto‘%lI ﬁrgFrtne 3l \lzvﬁtﬁ%tsﬁgpore Whellig %h%r TSt

metal is selected from the group consisting of nickel, palladium and platinum;

(b) contacting a second metal precursor to a second metal with the support, wherein
the second metal is selected from the group consisting of molybdenum, rhenium,
zirconium, copper, cobalt, tin, and zinc; and

(¢)  heating the support under conditions effective to reduce the first metal and the
second metal and form the catalyst, wherein the catalyst comprises the first metal in an

amount greater than 1 wt%, based on the total weight of the catalyst.
12.  The process of claim 11, wherein the heating occurs after steps (a) and (b).

13.  The process of claim 11, wherein the heating occurs between steps (a) and (b) to reduce

the first metal and after steps (a) and (b) to reduce the second metal.

14. A catalyst comprising a first metal, a second metal and a silica/alumina support,
wherein the first metal is selected from the group consisting of nickel, palladium and
platinum, the second metal is selected from the group consisting of molybdenum,

rthenium, zirconium, copper, cobalt, tin, and zinc, and wherein the silica/alumina
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WO 2011/ 053367PCT/ US2010/ 022953 21. The catal yst of claim 15, further
conprising at |east one support nodifier selected fromthe group of oxides
of G oup WOBommIs3d63, oxi des of Group VB netals, oxides eCTGSoup/0¥4983 net al s,
i ron oxi des, alum num oxides and m xtures thereof. 22.The catal yst of claim
15, wherein the second netal is present in an amount of fromO.1 to 10
wt.% based on the total weight of the catalyst. 23.The catal yst of claim
15, wherein the catal yst has a selectivity to nethane, ethane, and car bon

di oxi de and Jn f %, 124..T Cg, alys | ai m 15,
wherein the® gﬂfgﬁj Lgsgélg&r%lg%hnc élﬂl@{gﬁe%erteagrleggoé’s% gﬁmtﬂh ati)% per 100
hours of catvalighsof tiedgeh sul'i‘ﬁwa' b&a@ﬂica/:cayﬁﬁlnwﬁuppbﬂlr?ﬁdhg% %/‘s\ﬁﬂz gelgfbatdﬁ@t Ié@ét? yst
has a selectiyity to eth acetate o reater than 0 process for
preparing a éé 2?1%@1‘1 W}Fé%/l‘ﬁrﬂil%‘? yst hagg S‘?,l%’t"%tt? Ry baceiatesef greaten than €8%r sor
to a first netal with a support, wherein the first nmetal is selected from
the group consisting of nickel and pall adi um

15. A catalyst, comprising a first metal, a second metal and a support, wherein the first

metal is selected from group consisting of nickel and palladium, and wherein the second
metal is selected from the group consisting of tin and zinc, wherein the catalyst has a

selectivity to ethyl acetate of greater than 40%.

16. The catalyst of claim 15, wherein the first metal is present in an amount from 0.1 to 25

wt.%, based on the total weight of the catalyst.

17.  The catalyst of claim 15, wherein the support is present in an amount from 25 wt% to

99.9 wt%, based on the total weight of the catalyst.

18. The catalyst of claim 15, wherein the support has a surface area of from 50 m?/g to 600
m?*/g.

19.  The catalyst of claim 15, wherein the support is selected from the group consisting of
iron oxide, silica, alumina, silica/aluminas, titania, zirconia, magnesium oxide, calcium
silicate, carbon, graphite, high surface area graphitized carbon, activated carbons, and

mixtures thereof,

20.  The catalyst of claim 15, further comprising at least one support modifier selected from
the group consisting of (i) alkaline eaﬂh metal oxides, (ii) alkali metal oxides, (iii)
alkaline earth metal metasilicates, (iv) alkali metal metasilicates, (v) Group IIB metal
oxides, (vi) Group IIB metal metasilicates, (vii) Group IIIB metal oxides, (viii) Group

IIIB metal metasilicates, and mixtures thereof.
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(b) contacting a second netal precursor to a second netal with the support,
wherein the second netal is selected fromthe group consisting of tin and
zi nc; andwoO(20)1/d38Ui ng t he support under conditions eff@crivseomwn2r96siuce t he
first netal and the second netal and formthe catal yst. 27. The process of
claim 26, wherein the heating occurs after steps (a) and (b). 28.The
process of claim 26, wherein the heating occurs between steps (a) and (b)
to reduce the first nmetal and after steps (a) and (b) to reduce the second

metal . »29. T . C{ Al e (a).
W0 201 7F 053305 PRAPEET oL SRS po At ) BhfRnt RprBRatdsaeREBITEP [ ©)
support, andhegroiyeafoxidessofCippp i VB mmadalk,i exides off €rdwdVBrmeralk hexidgsad Grodp

oxi des of p 1 VB netalg, oxides of. Goup VB netals, oxides of Goup VIB
met al s, ir(?ﬁ&gipﬁég’,lr%?fﬂ’ﬁ?ﬁu ugygR oxideyang pixtpes herdfeof . 31, The catal yst
of claim 30, wherein the first netal is selected fromthe group consisting

of Goup IB_JIB, I1IB_ [1VB, VB, VIB, VIIB or VIII transitional netal, a
| ant haBide rhbe ghtalyahofaadaiimi devherimthesecandrmagtal is prasentamyn emho@rtedfom 0.1A,

I VA, VA, or VIA 32. The catalyst .of claim30, wherein the first nmetal is
selected fr 6%56%@’8%% oélotﬁg?ost%li edglbtfo(%élbep%%aﬁ},’St‘i ron, cobalt, nickel,
rut heni um rhodium palladium osmum iridium platinum titanium zinc,

chromi um rhenium nol ybdenum and tungsten. 33. The catal yst of claim 30,
wherein the first nmetal is present in an amount of fromO.1 to 25 wt. %

based g5 thgy} %Etaiys{’\@fi M fg, WS ﬁlteacla%ﬁyst has a selectivity to methane, ethane, and

carbon dioxide and mixtures thereof of less than 4%.

24.  The catalyst of claim 15, wherein the catalyst has a productivity that decreases less than

6% per 100 hours of catalyst usage.

25.  The catalyst of claim 15, wherein the catalyst has a selectivity to ethyl acetate of greater
than 50%.

26. A process for preparing a catalyst, comprising:
(a) contacting a first metal precursor to a first metal with a support, wherein the first
metal is selected from the group consisting of nickel and palladium;
(b) contacting a second metal precursor to a second metal with the support, wherein
the second metal is selected from the group consisting of tin and zinc; and
(c) heating the support under conditions effective to reduce the first metal and the

second metal and form the catalyst.
27.  The process of claim 26, wherein the heating occurs after steps (a) and (b).

28.  The process of claim 26, wherein the heating occurs between steps (a) and (b) to reduce

the first metal and after steps (a) and (b) to reduce the second metal.

29.  The process of claim 26, wherein step (b) occurs before step (a).
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34. The catalyst of claim30, wherein the at | east one support nodifier is
sel ected fromthe group consisting of W3, MO03, Fe203, Cr203, Ti02, Zr02,
Nb205, TaRO02p11z20%886A 203. 35. The catal yst of clai m 30, waeruszowowb®sat | east
one support nodifier is present in an anount of 0.1 w.%to 50 w.% based
on the total weight of the catalyst. 36. The catalyst of claim 30, wherein
the support is present in an anmount of 25 wt.%to 99 w.% based on the
total weight of the catalyst. 37. The catal yst of claim30, wherein the
support is selected fromthe group consisting of iron oxide, silica,

alum na, silical/alumnas, titania, zirconia, nmagnesium oxide, calcium
silicaBe, ca dalystgrompirising a fitsgmetaliraf sapporgrand atleaphone sumwrtonedifier, setectedvat ed
carbons, and m xtures thergof VWO 1/ 05336.7PCT/ US20 022953 . Jdhe
catal yst of ?r@%'i g5up é}cgﬁﬂfpﬁ%lp,;&}%m S, PRideR, @&Ri}%g@asa%g@gﬂg net al
di fferent fiRpu VB i, iHataides 3Fumiiieh 6l adtmiRturéd BERLBB, wherein the
first metal is platinumand the second netal is tin. 40. The catal yst of

claim 39, wherein the nolar ratio of platinumto tinis fromO0.65:0.35 to

pal T adPbm o eRASERORRAD, Hhefal gt mhes Sk Rabl S WDl of

wher ei n t he GrebIB, THS, I THBOTVBNERB| VIB t WIIBabl VIl uiinkitiohl @metsl, & Rinthadhiet 0
0.95:0.05. 43. The catalyst of claim 38, wherein the second netal is

sel ected fr &wtalan atisids regplsarqumefal f59m eap pELCTOURs ILIAd EXrdnY A PhY1&hr oni um
iron, cobalt, vanadium tungsten, palladium platinum |anthanum cerium
manganese, ruthenium rhenium gold, and nickel. 44. The catalyst of claim
38, whapei n Theeatabsoofttlaiei 30, wherghn dedirst metabin selowted fronf the gompRotsistmgldd

wt. % based on the total wejght of the catalyst.,.45. The catal yst of claim
38, wherein COPRST 531, YAl Pl‘fi‘t%hWh%%ﬁhgg@%\éﬁlﬁﬁquﬁnmmdm‘ﬁ‘@%&ﬁm%m t he
first and seegRdnBh@lcBromium, thenium, molybdenum, and tungsten.

33.  The catalyst of claim 30, wherein the first metal is present in an amount of from 0.1 to

25 wt.%, based on the total weight of the catalyst.

34.  The catalyst of claim 30, wherein the at least one support modifier is selected from the

group consisting of WOj3, MoQO3, Fe,03, Cr203, TiO,, ZrO,, NbyOs, Tay0s, and Al>Os.

35.  The catalyst of claim 30, wherein the at least one support modifier is present in an

amount of 0.1 wt.% to 50 wt.%, based on the total weight of the catalyst.

36.  The catalyst of claim 30, wherein the support is present in an amount of 25 wt.% to 99
wt.%, based on the total weight of the catalyst.

37.  The catalyst of claim 30, wherein the support is selected from the group consisting of
iron oxide, silica, alumina, silica/aluminas, titania, zirconia, magnesium oxide, calcium
silicate, carbon, graphite, high surface area graphitized carbon, activated carbons, and

mixtures thereof,
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46. The catal yst of claim45, wherein the third netal is selected fromthe
group consisting of cobalt, palladium ruthenium copper, zinc, platinum
tin, and wbeniwnss3ied7. The catal yst of clai m45, wherei npPCinaseénonekset al is
present in an anmount of 0.05 and 4 wt.% based on the total weight of the
catal yst. WD 2011/ 053367PCT/ US2010/ 022953 48. The catal yst of cl ai m 30,
wherein the catalyst has a selectivity to ethyl acetate of at |east 40%
49. The catal yst of cl ai m 30, wherein the catalyst has a selectivity to

met han et han L. ] et 4%
50. Theg %at a?@%?mal\y A& rlﬁpl %8 %ﬁerngﬁ%ﬁ%%wc%bg%%%{ﬁ E?ggse%ec?%%h%t&?\c}lt tth t
decreases | a5m thB@irst@%tgler 100 hours of catal yst usage. 51 A process for
preparing a catal yst, the process conprising the steps of: (a) contacting
a first netal precursor to a first metal with a nodified support conprising
at | eagy on t f f ou
VB et o, Thg PRGN rCRn ISR ER it Ul DA AR Bl Rl is 0 P
oxi des, al um num oxi des and ni xt ur es thereof; and (b) heating the nodified

A DO L SRR T A L

greater thapo4Qfes . 52. The process of claim51, wherein the heating occurs
after steps (a) and (b).

41.  The catalyst of claim 38, wherein the first metal is palladium and the second metal is

rhenium.

42.  The catalyst of claim 41, wherein the molar ratio of rhenium to palladium is from

0.65:0.35 to 0.95:0.05.
43.  The catalyst of claim 38, wherein the second metal is selected from the group consisting
of copper, molybdenum, tin, chromium, iron, cobalt, vanadium, tungsten, palladium,

platinum, lanthanum, cerium, manganese, ruthenium, rhenium, gold, and nickel.

44.  The catalyst of claim 38, wherein the second metal is present in an amount of from 0.1

to 10 wt.%, based on the total weight of the catalyst.

45.  The catalyst of claim 38, wherein the catalyst further comprises a third metal different

from the first and second metals.

46.  The catalyst of claim 45, wherein the third metal is selected from the group consisting

of cobalt, palladium, ruthenium, copper, zinc, platinum, tin, and rhenium.

47.  The catalyst of claim 45, wherein the third metal is present in an amount of 0.05 and 4

wt.%, based on the total weight of the catalyst.
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53. The process of claimb51, wherein the heating occurs between steps (a)
and (b) to reduce the first netal and after steps (a) and (b) to reduce the
second neweal20115433he process of claim 51, further conpripsirng2ate2958ps of :
(c) contacting the at | east one support nodifier or a precursor thereof
wWith a support material to forma nodified support precursor; and (d)
heating the nodified support precursor under conditions effective to form
the nodified support.

48.  The catalyst of claim 30, wherein the catalyst has a selectivity to ethyl acetate of at least
40%.

49, The catalyst of claim 30, wherein the catalyst has a selectivity to methane, ethane, and

carbon dioxide and mixtures thereof of less than 4%.

50.  The catalyst of claim 30, wherein the catalyst has a productivity that decreases less than

6% per 100 hours of catalyst usage.

51. A process for preparing a catalyst, the process comprising the steps of:
(a) contacting a first metal precursor to a first metal with a modified support
comprising at least one support modifier selected from the group of oxides of Group
IVB metals, oxides of Group VB metals, oxides of Group VIB metals, iron oxides,
aluminum oxides and mixtures thereof; and
(b)  heating the modified support under conditions effective to reduce the first metal
and form the catalyst, wherein the catalyst has a selectivity to ethyl acetate of greater
than 40%.

52.  The process of claim 51, wherein the heating occurs after steps (a) and (b).

53.  The process of claim 51, wherein the heating occurs between steps (a) and (b) to reduce

the first metal and after steps (a) and (b) to reduce the second metal.

54.  The process of claim 51, further comprising the steps of:
(©) contacting the at least one support modifier or a precursor thereof with a support
material to form a modified support precursor; and
@ heating the modified support precursor under conditions effective to form the

modified support.
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