Title: CHROM UM FREE CATALYSTS OF METALI C CU AND AT LEAST ONE SECOND METAL
Abstract: Described is a nmethod for the preparation of a chrom umfree
catalyst conprising Cu and at |east one second netal in nmetallic or oxidic
form conprising the steps of a) preparing a final solution conprising ions
of Cu and of at |east one second netal, said final solution addi ti onal |y
conpri si Ngwigdisse9fs32 conpl exi ng agent and having a pFi;&f;Nﬁz%}ﬁﬁmé

contacting said final solution with inert carrier to forma \
solution/carrier conbination; c) optionally, drying the final
solution/carrier conbination; d) calcining the final solution/carrier’
conbi nation obtained in step ¢c) or d) to yield Cu and the at | east one
second net al L g the t hus
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PCT/ NL2004/ 000051 CHROM UM FREE CATALYSTS OF METALLI C CU AND AT LEAST ONE
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Product 5,£5030%: 208k Bk0enloniGOSERISE, eLC ), chrom um contari nation of
t he product stream would have to be nonitore
Cu-Cr catalysts are curzently the commerca,ally most successful

catalysts employed for this process. These catalysts have adequate

20 hydrogenation activity and adequate resistance to the fatty acids in

| the reaction mixture. However, these catalysts have one major drawback:

like all catalysts they lose their activity with time, and as chromium

compounds are toxic, they need to be handled prudently, and & great

deal of labour and cost is spent in treating/recovering the waste

25 catalyst. In addition, since many paim oil derived chemical

intermediates have a final application in household products {soaps,

detergents, cosmetics, etec.), chromium contamination of the product
stream would have to be monitored.

Tn the art, there is a need for chromium-free Cu catalysts for the

30 hydrogenation/hydrogenolysis of fatty acids and fatty esters, which are

not toxic, and which are capable of performing under severs conditlons,



In the art, there is a need for chromumfree Cu catalysts for the 30

hydr ogenat i on/ hydr ogenol ysis of fatty acids and fatty esters, which are not
toxi c, and which are capabl e of perform ng under severe conditions, WO
2005/ 070537 PCT/ NL2004/ 000051 2 i.e. high tenperatures, pressures and/or
H2/ substrate ratios, or, alternatively, are capable of performng the

hydr ogenat i @ghhngdsgenol ysis with conparabl e conversi tivity, and
yi el ds under mlder circunstances. 5 geveral chrom umO‘IfErTgiL%bﬁ%%Og?lal ysts have -

been developed in the art, e.g. Cu-Zn catalysts (see e.g. US 5,475,159 and .
US 5,157,168), Cu-Fe catalysts (see e, g US 4,278,567 and US 5, 763, 353) and -
catal yst's®- aF FPRGEOHEY, BFeaguses: FK Ondkatulssert e ratiogs 9403, 962 and WD
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above, ereto the conplexing agent citric acid i s added, followed by
i npr egnatdicns ofafspheiich|thespiissdpitathekeiprilicd ped WadedhodrsiaWpe i ngl y been
found that; MpenLopregnation with a
Bccordingly, these chromium—free Cu catalysts have the advantage
that they do not comprise toxic Cr substances. Generally, however, the
0 chromium~free Cu catalysts obtained in the art thus far suffer in
activity or selectivity in comparison with Cu~Cr catalysts, their acid
resistance is low, or they are not able to withstand the harsh
hydrogenation reaction conditions. It is thought that the co-
precipitation has the drawback that separate metals precipitate at
5 different pB values such that at least part of the metals will not have
intermixed at an atomic level, to result in the formation of distinct
metal clusters at the catalyst surface.
an alternative preparation method for chromium-free Cu catalysts
is disclosed in US 5,758,947, Said method comprises the preparation of
0 a solution containing the metal salts as above, whereto the complexing
agent citric acid is added, followed by impregnation of spherical
support therewith.
Tt has now surprisingly been found that upon impregnation with a
solution comprising ioms of a complexing agent, said solution having a
5 pH above 5, catalysts were obtained having an improved activity or

selectivity, or relatively high activity, selectivity, and yield at low



solution conprising ions of a conplexing agent, said solution having a 5 ph
abové™5, catal ysts were obtained having an inproved activity or selectivity,
or relatively high activity, selectivity, and yield at | ow WO 2005/ 070537
PCT/ NL20041000051 3 tenperatures and pressures in conparison with the

catal ysts known in the art. Therefore, it was an object of the present

i nvention twopiepase novel chrom umfree Cu catal yst spdyadtzodd@aghosnpr oved
activity or 5 selectivity, or preferably conbinations thereof. It was al so
an object of the present invention to prepare such catal ysts that were
capabl e | ys] e r.0gena u r | d ndjtions in
conparlsg]mﬁ#?hﬁe§6ﬁgg %gﬁﬁggg %'gr ?QI]Q ﬁltﬁ% a%%%zl%ventlon rel ates
to a novéhe m@thod for the preparatlon 0 of a chronlun}free cat al yst

conprising Cunangdsat, |§@$¢ta30£}?o§§§é%ngf %E%resb@t TEaldioh f pe¥idic form
conprising the steps of: prep a”nfgng:dllna sol ution conprising ions of Cu.
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contactin al in sol ut nert ca orma _final
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conbi nat iy QQVﬁ%QS&{aQeéu é{‘aﬁ&@s‘) c) or d) toyield Cu and the at |east one
second metal in oxidic for and e) reducing at |east part of the thus
obt ai ned oxi dFesQutin mf“?ﬂstl@ar#qléfies it Wa%o‘ﬂegdﬁﬁfh?ﬁaﬁort [rBe dHeBT P ree Cu
cat al yst grt hugroptualned caéalgftaevwﬂlp@iﬁmgswgnacaﬂ Vkiye and sRlbagtietibly,

particularly in the hydrogenation and hydrogenol ysis of methyl acetate and
ot her pallm%‘?qagljcfef’?voéég ?fte§mésct°5$’§lséﬁ8 t E/EPSC%% W t hout W shing to be
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the metals are fully interm xed at an atomc Feve di stinct” netal
clusters are forne@osrishes ckngl 9§t 2 §Wﬂ8@é‘g AgeRfs dh&pBi, anibEh°fFhe term
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b contacting said final solution with inert carrier to form a

final solution/carrier combination:

c) optionally, drying the final solution/carrier combination;
dl calcining the final soclution/carrler combination obtained
0 in step c) or d) to yield Cu and the at least one second

metal in oxidic form; and
e} reducing at least part of the thus obtained oxidic Cu on
the carrier.
It was found that the chromium-free Cu catalysts thus obtained
7 5 showed promising activity and seiectivity, particularly in the
o hydrogenation and hydrogenolysis of methyl acetate and other palm oil
derivad fatty esters and fatty acids.
without wishing to be bound by theory, it is thought that the pH
of the final solution is important for keeping all metals present in a
10 uniform solution such that the metals are fully intermixed at an atomic
level and no distinct metal clusters are formed at the catalyst
surface.
As used herein, with the term “at least one second metal” is meant
that in addition to Cu at least one second metal is provided in the
5 catalyst; however, it is also possible that the catalyst comprises two,

three, four, etc. different metals in addition te the Ccu. Preferably,



that in addition to Cu at |east one second netal is provided in the 15
catal yst; however, it is also possible that the catalyst conprises two,
three, four, etc. different netals in addition to the Cu. Preferably, WO
2005/ 070537 PCT/ NL2004/ 000051 4 the at |east one second metal is chosen
fromgroup TB, group IIB, and group VIII netals and may conprise Zn, Fe, N
and Co. The at |east one second netal is preferably chosen from Fe and Zn.
In step a),waz2snabizsol ution is prepared conprising i aea/Nbo@oednd 5 of the
at | east one second nmetal, said final4solution additionally conprising ions:
of a conpl exi ng agent and having a pH of above 5. The ions of the conplexing .

agent, hgeih 50 bEL eIdBHatiRtas is %@Bpéne&wﬂ c_h%n ;m Wagxgopg 1@ns gderi ved
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be notedprdteated rthatidsetmdonompiezmd"l jansadde covptesiag, bptdvidhé emt.abs and t he
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can addi t1onal db 8 i

ovi de necessary, by the addition of 5 additional
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final sobutd:0ns BY be RLepanRde DYx16ONY RINGE SENAT 8h& JXBbad nakt 1904 Uti ons,
such as e, g. a solution gf one_oJ npre nitrate @nd a

sol ut i on3H196n&oBTaREF e BRI PY ofhe taﬁg‘l%‘tonl é’gst%hgngorgpe]t%ﬁ‘ag 5 e g.
Fe- ni &r akeyg. ThetiseFarat € netalc salbit, Gosohatsiaddscomyigompnd sceatnmmzdlvhan one

netal. In Casqxem?efdbtg'%lru%rtﬁ ecnco‘g ,&fe gq_roe t )F%@)g §e§ond netal, ions of the

second néfa oVl para utions are in a conblned
sol ution of tHe iat al@a@psmkée §7@@:for3mt¢rﬁithél @e*—al ions and the ions of the

complexing agent are provided in the solution as a sipgle salt. E.g. Cu

citrate can be used to provide both for the reguired Cu lons as well as

0 for the required citrate ions. Accordingly, the second metal can also

be provided as e.g. & citrate salt. In this respect it is to be noted

that in addition to such a salt comprising both the metal and the

complexing agent, the metal ions and/or the icns of the complexing

agent can additionally be provided, if necessary, by the addition of

" 5 additional other metal salts, or as citric acid, respectively.

Alternatively, said final solution may be prepared by combining

separate metal salt solutions, such as e.g. a solution of one or more

Cu-salt, e.g. Cu-nitrate, and a sclution of one or more of a salt of

the at least one second metal, e.g. Fe-nitrate. The separate metal salt

0 soluticns may comprise more than one metal., In case of the presence of

more than one second metal, ions of the second metal may be provided in

separate solutions are in a combined solution of the at least one
sacond metalé.

The pR of the final solution is above 5. The pH may be adjusted by

5 +the addition of any base, such as e.g. NH,0H, NaOH, KCH and Ca(OH)p, ozr

by the dissolution of the metal salts in any suitable base. Preferably,



The pH of the final solution is above 5. The pH may be adjusted by 5 the
addition of any base, such as e.g. NH4OH, NaOH, |1 COH and Ca(CH) 2, or by the
di ssolution of the nmetal salts in any suitable base. Preferably, WO
20051070537 PCT7NL2004/ 000051 5 NH4COH is used to adjust the pH since in
contrast to sone of the netal bases it is not harnful to the catal yst and
will therefore not have to be renoved, in case citrate salts of the

requi red mewslisomssare used to 5 prepare the final setorizmoctle said
salts are preferably dissolved in cofAcentrated ammonia. in step b), the
final solution is contacted with inert carrier to forma final

sol uti onkgar t@ruseant)a tbhgoghagtﬂceglefcoh@faée 3| Soﬁelolft L0 LD the

inert carrier may t pace contacting the 1nert carrier in the form
of a por 8a%es 6Fylsp6‘\%eff‘aliﬂ]ft1h ‘t%éh?lq’?élalléﬁﬂ s gL LoFheunfort ¥iohghttee i nal

sol uti onpwei tdeeed. the inert carr|er |n liquid form such as in a slurry or
sol . Alternat%vetlzeé/b tchg Cal’l’lﬁ >, Jr OVIed d in, the formof or.ous,
shaped partictes’ Such 4 udaf’ s peﬁqfle]f néeﬁﬁerégns of*any’5t F8r shape.
5 The5i nertrazar tierfinaly muam:ccmmdo@tscam iree fexand @@sel‘@d in

di at omaceglseahidy s@ldaaLna, silica gel, magnesia, silica-magnesia, calcia,
zirconia, titania, zeolite, and silica-alumna. The carrier may, K be provided
in the form of" &8P PIpolieriisel | 5p1EkEey of iaptagied ditiomest ©sFi dal
EuspenSI g’armabscflﬁa@.' |§£iu$h?ﬂ/g:¥%:¥ﬁﬁfbo&§1&tgonsl bd:rit%cﬁ_{)ﬂtc_:i dheckk carneuer can

e provide X e, 0 i fferent powder or_as s . 0Pt
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~the %erv:.d‘édcbn el fPrm PO HRROWS, Ghypdi0 paSPicals dr idhd as ebeerudingse dryi ng

rret hods ar V}(% nown and_hi g}?%ﬁsgi table in an industrial environnent.
Upon dryipﬁgl? e THAGAFS s O utHoRFear PR conbi nation the 0 netals will
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m xed on an I'n aran atom ¢ rati os. Subsequently, in step
d), the fdeAela selimondn/ ddteiier eonbrhatingnsilica-alumina, The carrier hay

be provided in the form of a dry powder or in the form of an {agueous)

|
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colloidal suspension, also called slurry, such as e.g. sllica sol. The
0 carrier can be provided as a mixture of different powders, or as
slurry, optionally comprising different porous powdsers or porous shaped
particles and colloidal suspensions.
Optionally, the contacting step b) is followed by a drying step
c), saild drying step preferably being carried out at a temperature in
5 the range of 80 to 140 °C. Drying of the final solution/carrier
H combination can be conducted by any conventional drying method known in
the art, such as e.g. amorphous drying, spray-drying, etc. These drying
methods are well known and highly suitable in an lndustrial
environment. Upon drying the final solutlon/carrier combination the
0 metals will precipitate to form mixed metal species on a microscopic,
atomic level, tn this way, catalysts are prepared comprising a varlety
of metal species mixed on an atomic level in a range of atomic ratios.
Subseguently, in step d), the final solution/carrier combination
is calcined in air to burn off the organic and inorganic residues from
5 the precursof salts, and to convert the metal precursors to theilr

respective metal oxides and mixed metal oxides. The calcination step



is calcined in air to burn off the organic and inorganic residues from 5

the precursor salts, and to convert the netal precursors to their respective
metal oxides and nixed metal oxides. The cal cination step WD 20051070537
PCT/ NL2004/ 000051 6 may al so i mmedi ately be enpl oyed on the final
solution/carrier conbination of step b) , thereby omtting step c), as

drying w || wigwiserisake place early during the calcinatjope fd J"E’Vlﬁ(‘)’ﬁ{) an
intermediate drying step c) is prefegred. Calcination 1s pre |y

performed at a 5 tenperature in the range of 300-900 C, nore preferably of
400-600 C, npst eferably of 400-500 C, preferably under an atnosphere in
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For exarrptthe,reom case the reduction ?0 is carried out in hydrogen gas, it is
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in case gjasa %F%cﬁﬁﬁ:%r}/ $ha ﬂﬂ‘{u§a|ﬂh%§e'J:redhr.stl%ﬂ%rig@touEelﬂrEYSolvaﬁin a
ferrosilitcat® i ch cannot be reduced to netallic sgecr es. Thus, after

reduct i onSied® &t 8l YYREC@TEENos LRalrdas digpid PRIAT IR HHad Ry,

aliphatic alcohols and fatty esters., For example, in case the reduction
0 is carried out in hydrogen gas, it is preferably carried out until
formation of water is not observed or absorption of hydrogen is not
observed. Altermative reducing agents comprise carbon monoxilde,
ammonia, hydrazine, formaldehyde, ethylene and lower alcobols such as
methanol. When reduction is carried out in a solvent in the presence of
r ’5  hydrogen gas, it is preferably carried out until absorption ¢f hydrogen
o gas 15 not observed at temperatures of 150-350 °C. The reduction step
2) may also be conducted in situ in the hydrogenation reactor.
It is possible that also one or more of the at least one second
metal present are (partially) reduced; however, for catalytic action it
30 is mostly sufficient that the Cu is at least partially reduced. For
example, in case of a Cu-Fe catalyst on gilica it is known that Fe may
form a ferrosilicate which cannct be reduced to metallic species. Thus,
after reduction the catalytic species may be a (partly) reduced Cu,

optionally in combination with (partly) reduced Fe on a ferrcosilicate

3% support.



optionally in conmbination with (partly) reduced Fe on a ferrosilicate 35
support. WD 20051070537 PCT/ NL2004/ 000051 7 In a preferred enbodi nent, step
a) conprises the step of preparing said final solution by conbining at

| east a first solution conprising ions of Cu with at |east a second
solution conprising ions of at |east one second netal. Thus, the pH of the
solutions ¢ rolled 5 separately and precipit on of the nmetals can
be avoi ded. %ﬁf%éo‘-} E}referred that the,said first and sgéw YUt ons are
conpatible. Wth "conpatible" as herein used, it is meant that no

recipitation_.o arate al s _occurs upon conbining of the first and

gecong sol ut%rbﬁspr%g? eFLgc‘faélé‘lSPE‘t i%FP ey %E’rb?"egpﬁP%oschPoﬂ‘? FrgPrdrgal t, and
a 0 conplsexi fgnagentiytisuchy asmeigngcitt Legstaei t,rsansbladj ois tosemtisafig t he pH to
above 5, :qp, rs%y?@'wa@ﬂ 2L LRl DR REERAAELDY 390l 100, of L galt of  the

Cu and t he conpl exi ng agent referably 1n’a on suc
anmmoni a, °@fdecprd F@E@ﬁi ré"éusraé ﬁﬁﬁr@ﬁtth@fsqlﬁél% £on disovenig:el Bidyi | arI y, said

second; SQJeFJ&:!aQ@l d bg-RE ePafeeh foromany:Sal &a@%etmlagdl%szsone 5 second
netal, fol n%‘ﬁt he addjtion of conpl exi ng agent, such as % citric

aci d, and®*8H*GEtrdat e Fﬁ’ed FEFT BB RPEORT SEFURDS 4a%( @?IPPé‘tLF]%ﬁ -y*H& prepar ed
by di ssol‘ld:bmmlbie”t he akin OlfseﬂheLtah‘,s Ime assit th@ﬂezospﬁm@mmlah @nd t he
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required ustnmen s ution, regardless
of the pr@@&tn@worﬁawétmdt IHeE BT mag A8 %Péé%lfﬁfe?d amivt ﬁu asmgcts@@dn@l

sol ut '00n1can§£@4&9é esen®f shBg asPEepaatienadmt hack LhorLebn: ¥ oY ghnté he final
sol ution, as ng as the first_and second sol ution are cofrégatl I n case

metal ci tAPAT® 5|’s°r Ef@éoalttﬁrb?téﬁﬁ}% PenFRBT R PBNE SSPtIT e e rdd St Hat t hese
are di ssahseeh and ﬂh@ ecmmak:aag Reeafer shlrgradifeid iar sas;&obummanaaaﬂntm second

soliution both co e _ions of onp n gent i.mJ.ar
concent r AT8H-* af qﬁﬁ?’do % ulsécl%erné:gélfﬁ&l 8P ati b1e oge s\r’% Y b ) ar
concentr aetaJ:Ldrs'ecasd Shéuieuom usede PrepasednSnen atlhaﬁtaltth@f @@ﬁc@wﬂ#%ﬁ’q enpcdiffers

at no y%utz@eﬂt O'i’oi?low@&%ye%ﬁ?la)ﬁdﬂloﬁbéf cQMpl%xEﬁ&ta%%nﬂ Guchodse preferably

at nos Moreover, 1t 1s preferred that both the first and
t he secorﬁjg sitaic @ﬁlﬁa\P@daaCE‘F-ls AR the (P L IEROYBr2ciPpi ¥4t i on of the Cu or
the at | Qasin@Re5L60NtepRial bdUL ssolLytlloslidif erenaes cambeatavaisged. |t is

most one second metal and the complexing agent, preferably in a basic
solution such as ammonia, and, if required, adjustment of the pB to
') above 5. Bny first solution, regardless of the preparation method
thereof, can be combined with any second solution, regardless of the
preparation method thereof, to obtain the final solution, as long as
rhe first and second solution are compatible. In case metal citrate is
used to prepare the solutions, it is preferrved that these are dissolved
“15  in ammonia.
| Preferably, the first solution and the second solution both
comprise ions of the complexing agent in a similar concentration, and -
are thus in this regard compatible. With “a similar concentration” as
herein used, it is meant that the concantration differs at most by a
{0 factor 2, preferably at most by a facteor 1.6, moxe preferably at most
by a factor 1.3.

Moreover, it is preferred that both the first and the secoud
solution have a pH above 5, such that precipitation of the Cu or the at
least one second metal due to pH differences can be avoided. It is most

15 preferred that the first and second solution have a similar pH. With “a

similar pH” as herein used, it is meant that the pH difference between



i5 preferred that the first and second solution have a simlar pH Wth "a
si mtar-pH"-as—herein used, it is neant that the pH difference between WO
2005/ 070537 PCT/ NL2004/ 000051 8 the first and second solution is at nost
1.5, preferably at nost 1.0, nore preferably at nost 0.5. In one

enbodi nent, said chromumfree catalyst further conprises at |east one
third nmet aI ird metal being chosen from Pd, ' 5 and Rh. The at
| east one thi rgé/drjr,%%szl can be considerged as pronoter Ph%?’?#?m‘g%?f’?flthi rd netal
can be added to the final solution, or to the above first and second

solutions. Further, a third netal can be eProw ded in a third solution, that
pr ef er abFif Fﬁrséof‘r‘ﬁjatgiaﬁ‘i’@ FPHHCReLS B A96Y el 15 r REefenab e @b Pssol Wi on,
pr ef er abhyrebptdfevarlly negarsd . 6.pH and concentration of ions of the

conpl exi ng aggn i eferred _that th sol utiqQn conpri ses
ions of the %grr% eegwﬁoména%tnt %aP& ﬁjI%Ii‘lrlﬁm i %té‘gﬁ??a’ét‘ﬁrgﬂe%§°?pﬁés?? rst and

t he secoad lsptturherthike medaer Saldtthllsd predfeheddy tdhatet Mok Hid; dPisoRut i on has
a pH of ahove. %heae['{'gle‘?stproﬁge&ﬁgaﬁe%apléa&l% cbﬁsﬂemalilaz{) g? nh:‘ﬂ% pH of the

first and second solutions. However, it is also poss t he cal ci ned
final sBFtion/ carrier combination of step d) is inpregnated with a
sol ution comptisinigd i@ adt cdreBstadaae t'bhtHedfﬂﬁlalaolﬁiﬁ'ohpvﬁdt@)th@nm her round

of ?0 cal ci nation. i.cul a suitabl e for the incorporation of

Che  nobPe Rerbttnsrere Bole: 4,0 Eitirpby 5 Rhted Recpricar Ene 11 nal

sol uti onproridbbiie 6, thasd ddluiwas, f dutdptdfatanlydés doheseirdier citirstiances best

catal yst M%r?lrs@b%ﬁj @ggondl B §n,t %@a{]ér'aﬁi LW&H L{ga%et%agxf d.froma
second an er

first an tiona ird utlon redthat
t he pH ofonceRersipgtot é@%ﬁ’é %?‘?dc?f#ﬁlﬁwnﬁoﬁmntonﬂi@;abb\ﬂ@ Breﬁetfrﬁ% preferred

that theiganegatinatd Qalﬂl@cén@aﬁsésnlmeotlml coz&ﬁ'e&&h@ré kst iR 4 he range of
0. 001 0. 3y1<1;1/rrL nore preferabl Perabl t he anpunt

o 2o T opta e qolBe L ELD Pt ettt hnd pofd otntian, cHORRE it ot nad
conpri si mg ik- §ﬂan‘i%t\ted wbee tpeeftardbdoputikir 88s Ewbi @ahdbowsts, paref er abl y 15- 25

Tt B bheaRnliouh LABL 1 CHGRNLE N, 6 Byl SnuCHEOLAl DSl N9 e

concentrati on of g agent in the
final S@bl}'ttll@Fﬁ preferably isin the range of 0 001 1 5 g/m_ nor e

preferably  yowever, it is also possible that the calcined final
solution/carrier combination of step d) is impregnated with a solution
comprising the at least one third metal, followed by another round of
’0  calcination. This is particularly suitable for the incorporation of the
noble metal promoters.

It is preferred that the pH of Fhe final solution is above 6, as
it was found that under these clrcumstances best catalysts were
obtained. In case the final solution is prepared from a first and

. 25 second and optionally a third solution, it is preferred that the pH of
o the first, second and third solution is above 6.

It is preferred that the concentraiion of Cu ions in the Einal
solution is in the range of 0.001-0.3 g/mL, more preferably of 0.005—
0.15 g/mL. Preferably, the amount of Cu ions in the final solution is

30 such that a catalyst is obtained comprising 1-50 3wt, more preferably
10-30 3wk, and most preferably 15-25 Lyt Cu. It was found that
excellent catalysts were obtained using such amounts of Cu.

The concentration of ions of the complexing agent in the final
solution preferably is in the range of 0.001-1.5 g/mL, more preferably

35  of 0.15-0.5 g/nL. Most preferably, the amount of ions of the complexing

agent in the final solution is such that the molar rétio of metal to



35 of 0.15-0.5 g/nmL. Mst preferably, the anount of ions of the conplexing
agent in the final solution is such that the nolar ratio of netal to WO
2005/ 070537 PCT/ NL2004/ 000051 9 conplexing agent is in the range of 0.1-5,
nore preferably 0.5-2, and nost preferably 0.75-1.25, as it was found that
t he best catalysts were obtained with such nolar ratios, particularly with
nmol ar ratios around 1. 5 In one enbodi ment, the concentration of the at

| east one sewmnso7oszetal in the final solution is in thernan@goeds;0. 001-0. 3
g/nL, preferably in the range of 0.005-0.15 g/nL. Preferably, the anount of
the at -1 east one second netal in the final solution is such that catalyst

i s obtai B t.qmk t] f ot 0, s nd netal in
t he rangde&ﬁg%é%?l%l%%%? l%orr!rug E}%ei‘fﬁlr?gb?%i'%Oét'hg&fikrég%églg%? 52,' %ﬁ nmost
pr ef er aBiogtiBref el yngye Sot - 49,388 1. w3 Lownst £ht Be hewboeRtRerits Hies

concent repth Oibaofi 10880 moL i€ ratiod, epatti ot diRi kidnmRdak +4tibBeado:n@l sol ution
is in the range of 0.0001- 0.03 g/nL, preferably in the range of

0.0005-01.‘015 g/nL. Preferably, 5 the anount of the at |east one third netal
i s such that Icatral ysiiodisentobtiss medcanttrhtizn af aecatr abé<t ohe tdeeomt | east one

third t 155 0l a o Og),%ée- 0p.godl preferably in the
range gﬁ%%o%%?ofajl %O% lflrhtﬂgrneén}}fogl ntgf t'ﬁggrrrgfﬂgéﬁéccordi ng to the

present WFSLAGRERYi BhteonpRreey An0%daidS efvell- Strefprghliof thulapertisicfig t he -
obt ai nediheCat alekst .onSaidbobH | MREL SinNgndBY nde sbiPehatd sash tdigrcatal ysts may

be wused in_a |iqui hase. hatch reactor, ich reguires the catalyst to be

in the G 4 fqbgéglbei?v\ﬂé b AP A LOREE r(‘?ﬁé%\,,gyt ﬁ‘é S }Feetage%eaﬁir?riecl e size is

in the rangedafetdl 5n26f pangsroied frlet@r abty prafétadly amgehofraggd ® 5 gm and

most pref erabl vl N dihe. LA P, %25, M. fnqlhes advantage of | pul veri sing
[ al'yst y

t he obtaitned cataly I's that’ fhe catal’ytic materi'al is honpgenised during
t he pul veri sdmi orf SRt erEosiyat, nitce FPRtentratiogheflutarbhefubitfe#8t ood t hat

t he-t hus; ght aiiednoat Ayt 1ABier Eala1Canubeon fier thenetiegt et byomhapi ng the

obt ai ned fine powder_to pellets, by 0 ext iqn,_ or by gn ot fr means of
shapi ng ?d3 %‘g%rp“&eaﬁeﬁf‘?/]é’t lBotdiee’éa%ﬁn%ﬁ'wﬁt_ﬁemasr /55 réc/)foejr % Y'o0f such
shapi g tis beowrendercheher datat wse thdud teebkhe fsopudreshangakalywsther types of
react Orsbl%tsal;{cgd %ﬁt}‘;'afyﬁegtg?ng@ %ﬁg%@%ﬁe £ 180 8hDeh; LYRESa Oftor &8GLOr'S known
inthe art."Tnapreferred enbodi nent, the at |east one second netal is
chosen in the range of 0.001-0.05, and more preferably in the range of 0.001-

0.01.

In a further embodiment, the method according te the present
0 invention comprises an additional step g} of pulverising the obtained
catalyst. Said pulverising may be important as the catalysts may be
used in a liguid phase batch reactor, which requires the catalyst to be

in the form of a fine powder, In this case, the preferred partlcle size
is in the range of 0.1-250 pm, more preferably in the range of 1-100

.5 ym, and most preferably in the range of 5-25 um. Another advantage oI
pulverising the obtained catalyst is that the catalytic material is
homogenised during the pulverisation of the catalyst material. It
should be understood that the thus obtained catalyst material can be
further treated by shaping the obtained fine powder to pellets, by

0 extrusion, or by any other means of shaping to larger catalyst bodies
known in the art. The object of such shaping is to render the catalyst
suitable for testing in cther types of reactors, such as fixed bed
reactors, or any other types of reactors known in the art.

In a preferred embodiment, the at least one second metal is chosen

% from one or mora of Fe, Zn, Co, Ni, or a combination thereof. It was



~5 fromone or nore of Fe, Zn, Co, N, or a conbination thereof. It was WO
2005/ 070537 "PCT/ NL2004/ 000051 10 for exanple found that certain Cu-Fe

catal ysts obtained according to the present invention were capabl e of

catal ysing the hydrogenation reaction at |ower pressures in conparison with
conventional catalysts. Mreover, many of the Cu-Fe and Cu-Zn catal ysts

accordi ng twobthrospr esent i nvention performed better ﬁéﬁﬁﬁﬁm{tﬁ.ﬂl{)i onal |y
prepared catalysts with regard to acivity, selectivity or a conbination
thereof. In a further preferred enbodi ment the at |east one third netal is
chosen from one or .nor f Pd, Ru, Pt, Rh, .or. a conpination of two or LO
nore t her éjﬁf?xaf“?ﬂ? sfoﬁ?‘gftglﬁ SFFRAt ChrEs F?\W%%roﬁfﬁjrneldsa‘&?%gé’?ﬁ fPom al unmi na,
silica, sikig@sahudprentipnt@ricacapubfaedi egtazysoonths hztingyenrttey or any
conbi nat'x%@cit.i .rglpflowélsﬁ%gsxﬁfestﬂ‘?%gm F‘Lgérﬁétﬁ obﬁ%it?%ﬁ%?‘rcgst_é tgf the

catal yst according to the present invention resu ‘ articularly L5 good
cat al yst loreevers mewechriéprefrdd IatutBeciivdretcareoinpstchbsen from

silica nBYRes Anvdididh eeRbdedaSetrbr WasSn f@uBehtiRahl Beptegpell ts were thus
obt ai ned. Pref ral}i%, the inert, carrier resent in an anount of 0-95 %,

iS .
pr ef er abl SFEBOVGE 4l TRGEE bt 6FBIEYY Sfé?%%l%%)f °Tag FHEEHUE obt ai ned 20
cat al yst ter&ifghly stable and displays a high activity. Mreover, a

relatively high cONEENLY alinn.of LheAR-cartlel. TRLEr LAl 4i3.Aduant ageous
from an econom c poi t of View. I'n a second aspéct, the present 1nvention
rel at es tdwoger Hiromi apn of mege ¢t By 1, cinpRissicage Campinagiond Be lesast one

secongdy net Al 122.9bt ai nabl e by any nethod of the present invention. Such Cu
catal yst shows inproved activity, selectivity or a conmbinatjon thereof over
conventional & taPAriRTed HRE S Fat PR 9?rr§5%/dlsc57ﬁ‘éile§‘s{fr%§l‘é{‘?l1n8w f or

m | der hyginegenat i tx-aeadhapricandi,t hongsid t zi 8Bcqiief eximedodikiat wakdy cat al yst
conpr.i ses_at .| east o% .. Cu_and has a 1.C ti t at
onst onc SelBIAHEr oo 0° ot0oT P LD PR o KL ShE 1 RPRN AN Terates to a
chr om um ¢atedy:QuaZepuddnml bps the pppoantetientsin resulteidridorpatistlifEgnesi a,

conpri $i n%m%'é@c 1%@69. Pt &fehd Yrdflr30d Wke (B #hedR) cdePad BEo2nCU to Zn
ratio of 0. 1- _16 t/at, preferably 0.5-5 at/at, nore preferabl -4 at/at.
It was nof¥oB5s¥dGAd Feretife®Rd 2LE°Mife $hat "Ed- %‘?anajflgﬁtygﬁt §ﬁ%’b ted on

silica, yere thus obtained.
Preferably, the inert carrier is present in an amount of 0-395 %wt,
preferably 50-90 %wt, moat preferably 70~85 %wkt, as the thus obtained
20 catalyst is highly stable and displays a high activity. Moreover, a
relatively high concentration of cheap carrier material is advantageous
from an economic point of view.
In a second aspect, the present invention relates to a chromium-
free catalyst comprising Cu or Cu and at least omne second metal
"5 obtainable by any method of the present invention. Such Cu catalyst
shows improved activity, selectivity or & combination thereof over
conventional Cuk catalysts. Alternatively, said catalyst may allow fox
nmilder hydrogenation reaction conditions.
It is preferred that sald catalyst comprises at least 5 %wt Cu and
30 has an atomic ratio of Cu to the at least oneé second metal of 0.‘1-10.
Also, the present invention relates to a chromium~free Cu-Zn
catalyst supported on silica, zirconia or magnesia, comprising 5-50
2ywt, preferably 10-30 B%wL (Cu + %n) and having a Cu to Zn ratio of 0.1-
10 at/at, preferably 0.5-5 at/at, more preferably 1-4 at/at. It was now
35 found for the first time that Cu~Zn catalysts supported on silica,

zirconia or magnesia as Inert carriers performed much better with



zirconia or nmagnesia as inert carriers performed nuch better wth WO
2005/ 070537 PCT/ NC2004f 000051 11 regard to activity and/or selectivity in

conparison with known cu-Zn catalysts. It is preferred that said
chromumfree Cu-Zn catalyst further conprises as at |east one second netal
Co or NN, or a conbination 5 thereof. The incorporation of Co or Ni in the

chrom um f r @) febkegabagat al yst according to the inventi op-yR eI O be.
advant ageous for activity and/or selgctivity of the sard catalyst. In a

further embodi ment, said chromumfree Cu-Zn catalyst further conprises at

I t third_met ch f 0. conbi_nat f
oo or  MOFEAERCFR ot FE e Bt et Phe  ARPERBIH "Hh HOTeket b

third netedtadfsten |rrproved activity and/or selectivity of the chrom umfree

Cu- Zn catal ystg. @e%&ef&%gét %Rgprs%lgbtcﬁf&ﬂQmV\#Lte? %u—ﬂ‘& ‘ggem,é

catalyst as escri e having a ratlo to't eat ?east one
third .5o@raFesofas. molfﬁet50%%/%ﬁcomér@$f@rlatﬂ°y wf N3, 00%- @. rrateaion | n yet

anot hes aspaebs. the pimeﬁ&ratmu@nbfoaorei aﬁgs:.hOtﬁe ehf&cmuunzﬁe@e@u% Fe
catal yst supported on_sili zirconja, or risin 5 50 % ,
pref ef abl SAOYHD SPLE FORERS Ay Rl ABS a ™ GOFESr AT EO1=0S 1590 at/ at
pr ef er abl ye"ﬂvStﬁ aatl/@t sehorievi€Q pfether admlcycatdltyatl at. it was now found for

the first timg ?afur%{ef %mbS&n%}i’?ts%aé%Bﬁ&%&?fP& il df %C%atéiyf ORI Bn ol

magnesi a as inért carriers dto activity
and/ or set@wIilees AL ﬁea%‘brﬂ?@r B Wetd lohoven @IDFeRlbatRaﬂ:y§@san013rPéf erabl y,

sai d cirogbiyhhifss e Fc%ca&qw@t t12G60F ditR0wi ftohﬁd tha5 Presentticavent i on
further conprises as at | east one second net %I Co, conmbi nati on

t hereof , 5%¢ &4di%455n° %t tthﬁé% ot A1%5%% Li‘f“Pﬁ F?blr"(%%da%f’f ﬁ#ﬁcgﬁa}z%r
sel ecti vi by.thkncicohini-tere erbadi aealystsai d chrom um free Cu-Fe catal yst

according to t@etpresgigu % eg%%qgﬁéq@trtggg n%rﬁ?{dmsgj?eeat 'Ef?séatgi}%tt pbird 30

metal chosen f16m R, _ nation of two or nmor e
thereof . besambed Glbndle thwringhe wadPt90NCei+ 17 AP Teast bPRSY AT himdtal |

sai d third.pptak d)%b@ﬂoaspg@mt egrem@ly genes@l-byoi iRy eved actl vity and/ or
sel ectivity of the chrom umfree - Fe catal%/sts Pr ef er abl th

chroni um free u- Fet caPaFifst 1’1%?5“5 r &B% 0 PERS4TEy ‘#“va\?%li@é) e iAo Re 1'éft feast
one thirdcpetaknofre@. 0001r0. Zadilvat, piebereabl profsilica, =zirconia, or

magnasia, comprising 5-50 %wt, preferably 10-30 %wt (Cau + Fe} and

having a Cu to Fe ratio of 0.1-10 at/at, preferably 0.5-5 at/at, more

0 preferably 1-4 at/at. It was now found for the first time that Cu-Fe

catalysts supported on silica, zirconia or magnesia as inert carriers

performed much better with regard to activity and/or selectivity in
comparison with known Cu-~Fe catalysts.

preferably, sald chromium-free Cu-Fe catalyst according to the

{ 15 present invention further comprises as at least one second metal Co or

Ni, or a combination thereof, as addition of these metals further
improved activity and/or selectivity.

tn a further embodiment, said chromium-free Cu-Fe catalyst

according to the present invention further comprises at least ome third

310  metal chosen from Rh, Ru, Pd and Pt, or a combination of two or more

thereof. 1t was found that the addition of _‘the at least one thixd

metal, said third metal being a pfomoter metal, generally improved

activity and/or selectivity of the chromium-free Cu-Fe catalysts.
Preferably, the chromium-free Cu-Fe catalyst has a ratio of (Cu +
35 Fe} to the at least one third metal of £.0001-0.5 at/at, preferably of



WO 200 510 7053 7 PCTI NL2004/ 000051 12 0.001-0.01 at/at, as thus best
results were obtained for activity and/or selectivity. In a further aspect
the present invention relates to the use of a chromumfree catalyst
according to the present invention for the 5 hydrogenation of fatty acids,
fatty esters, esters and diesters to fatty al cohols, alcohols and

di al cohol s, respectively. Non-limting exanples of such fatty acids and
fatty esteMDI0pl7eide | i near or Dbranched, saturated opchRE@bddoddsed fatty
acid having one or nore carbons, esters of alcohols with the above fatty
acids, such as e.g. O caproic acid, caprylic acid, capric acid, lauric acid,

nyristi p C ri i_S0sS aC|d olelc aci d,
adi pi c gc?@jbféJ ar EgA:y%mm csaa&chlchg SE%\e]gﬁ Ir:é?n an""eé‘iaﬁ%? ﬁoétt ERE T 5

i ncl ude a@&f)%useleveétfew caprylic ester, capric ester, lauric est er, nyristic

ester, pal NthiL REtRr aSEQAT Lhe §3bBInt L SASHEAN 116,854 £" esg gr., adipic
5 ester and, sebacic es The ?& 1’!aC| ds or fatlfgyésgétfbe%ee&egc% %ed above

may be BYFSTEREE dcelEﬁ}ﬁﬁt aﬁ‘flcc’rrgé’é‘ilﬁ?l Bt hBEesBihicHrasnelog. fersudpensi on
r eactsi omydetdeodticn faixeththedatbiGt ifamtPebdiadsor earddsui Gissedebad-s reacti on

t hod. f h b
met ho fAtég t\éﬁggho?gm cholﬂ%?g Or t %J[cyggjg‘f,:,?gedspgéitlveﬁyt hgoxéﬁggh’@élgof a

product i vit actron 1s
sol vent .expfpless b eptchi staigud aCadsoIav@ntfa‘t’wml edredeesinpbtdsex bliteaan oradver se

effect opabhed e%ﬁ:h%e@“% agakeehel. f@c@ﬁ(ag c?‘ngav:.rﬁ%/:dro(?l%ar&m}noxle

sel ected. The reaction terrper atures are genera he range ot 100- 300
C. the r@&R%4on °HrEss Gfedlcabelgetidhalthy ¢ Vﬁhéat@ EEAGE 0‘?“0@095 30F -bar .

Exanpl es:ap¥hir: [Mceaﬁr‘daplrmb&ﬂtalcmﬂ, Wlalph::.cﬂ%lbﬁ Iiﬂr&beﬁc:ﬂd | H@iiﬁ&@dadzﬂl t he

follown 0..exanpl e are.in .no i, he scope of the
present P%l REt ia'g}'rié E)Eearﬁc i SRR RATY ir a@f‘ O(Jﬁl%ea%lﬁl sFﬁEﬁlpclﬁ 3%t yst A
first saindt ﬁmcmasandeﬁmneMlWldg mmﬂiaﬁgﬁma@tg cupperineitdatceprdici hydr at e
(Si-gma- @sqéfchéam@l%eeétaq Cidapl L a&ét%rmﬁgeg%r aets%sé Si gg%stgc/*'egﬁéxch) i n

about 150 sol ution had out was 1 ncreased
to pH 7 H?}mh‘a‘di r?@t%alﬁteaﬁ%rﬁ%eéf B@%%ﬁi‘ﬁm@a‘c% 213@5?0?@5’-37 adipic
PCT/ NL2Q4£00Q081sepddic ester.

The fatty acids or fatty esters described above may be
hydrogenated wusing any reaction method, such as e.g. a suspension
reaction method, a fixed bed reaction method or a flnidised bed
reaction method. A solvent can be used for the reaction but in light of

0 productivity the reaction is preferably carried out in the absence of a
solvent. If a solvent 1s used, a solvent, which does not exert an
adverse effect on the reaction such as azlcohol, dioxane and
hydrocarbon, is selscted. The reaction temperatures are generally in
the range of 100-300 °C; the reaction pressures are generally in the

\__ 5 range of 100~300 bar.

Exanples

The present invention will now be further illustrated in the following
0 examples, which are in no way meant to limit the scope of the present
invention.

Example 1 Preparation of a Cu-Fe on silica catalyst

A First solution was prepared by dissolving 50.0 g copper nitrate
trihydrate (Sigma-Aldrich) and 43.5 g citric acid monohydrate {Sigma-

5 Aldrich) in about 150 ¢ water. The solution had a pH of about 0.5,
which was lncreased to pH 7 Dby adding small amounts of 30% ammenia



(Sigma-Aldrich). Wien the solution had reached pH 7, water was added to
obtain 250 nlL sol uti®6n.” A second solution was prepared in a simlar fashion
using 50.0 g iron nitrate nonahydrate (Sigma-Aldrich) and 26.0 g citric
acid nonohydrate. To a sanple of | g silica (Aerosil 300, 5 Degussa) was
added 3.97 nL of the Cu solution and 2.21 nL of the Fe solution, after
whi ch t hews) sogir0s8ms stirred for five mnutes. The s&pRkiMod@Gst hen dried at
120 C for 12 h and calcined at 450 @for 2 h. Finally, the catalyst
precursor was crushed to a powder. The catal yst corrposi tion was 20 g Cu-Fe
per 100 Sggiﬁéﬁ-fzﬁliﬂ%)wﬁﬂenatl@ sbPuifi@n Qadatréﬁtheﬁaﬁlﬂi G} '%r wadQRaY QL ve
exarrple 1A Preparation of Cu-Fe on silica catal first so utlon was
pr epar €FtRP d%@sB‘F’vFﬁbutSGnO Y 2esper shiutien evast rﬁrﬁ%ﬁfe&% dni 7 wakdkart o obtain
250 L ﬁ@thheglngAmeooglohml uiﬂzagewaﬁlah@mt@p@migﬁlamid@h%eplamngg@? g 87| Lﬁ”
nitrate nanahydrate in to, obtain sol uti,on iqu 0
of the CF$biutieT &R }\%%f J‘:‘errIO_Tof ﬁ‘?‘glpi ol {6 %?@gﬁf i%} rand
di | ¥t edbepisdr) vvaraeraddzadolata”lf mL 28 rrhe ofu asoilhh:rod sod uzmln.mLToft bhes ®m0l uti on
was ad of i p r I stirrin anmoni a
sol uti gsﬁ)qf%ogrlol /all_f%%/va‘gﬁgha ﬁgd toéghgétghﬁg o%flal ned JgYeurI{ru"]rlult 9a r‘?%te of 0.2
m./ mn. SJAF%“}érwasr‘é]a‘%fhldﬁge% PHLB® ¢ far ptledi pid spdcined ﬁbrﬁ% CWiPChR was
washed p tfhna\ﬂ@'}ertheﬁf beFalgeyi @ge&&serauan,ZQr@he@ndt&alaClpla@&épn &t?e h at 450
C a catal recursor was, obt ai ned with ositiaon of - Fe per
100 g c%?ttﬁi&//sstt R4 "8 £ Gatrate Pﬁ’fllcgoogf %a ly%tor‘f‘ﬁjé]i‘a"th}le ‘g Xdhpl e 1B
Prepar adi/en wftia <Qu3Fe. on silica catalyst A catalyst was prepared in the
same nmanner as described in Conparative Exanple 1A, except that a 0.2 M
anmoni a soI ut| .on was used for the preC| p| tatl on reactl on. 0 conparative
Frxan g R3- 0 ¥ . 2'a A ~h 1 Of US

2 )‘ D’ s = o
5,124, 491, 'ﬂe@i(fs!t’ séﬁ&%)m%afg Fp% a%ea% e@symlﬂg ea@ahegl éasbpgf s9Qkyidg 48.25 g
CB in 265 g water, eate 28- 30% ammoni a

was add‘e‘?}hyd@t‘?hénaﬂ%ﬁecrl GH BIFtadﬁ‘nBﬁ? e ﬁah@féani he E?ﬁ%‘&r SB*uttlﬁe 45 ution
frong Or@@erécp W gﬁnssemmge-slor owg, iasd dijreatpH nd’menecammd fihomaedr ten 7. 9. A

second 0%90 CT/N 004%00%0 19&14 S ti
di ssol v?]?"@lﬁ 319 E rat!g 3 an?ft?rg e(’q1 esl\rllvgu%wg? dr%hz hitrate in
265 g wali exf. the cse@andbskqj.gtg@i u{emgnn:.xed and diluted with water to obtaln

25 mL of a third soluticn. To this solution was added 1 g of silica

powder (Aerosil 300). While stirring, an ammonia solution (2 mol/L) was

0 added to the thus obtained slurry at a rate of 0.2 nk/min. Aftex
reaching a pd of 9, a precipitate had formed, which was washed with
water. After drying (2 h at 120 °C) and calcination (2 h at 450 M I-Y
catalyst precursor was obtained with a composition of 20 g Cu~Fe pex
100 ¢ catalyst with a Cu to Fe at/at ratio of 3:1.

5
Comparative example 1B Preparation of a Cu-Fe on silica catalyst
A cataiyst was prepared in the same manner as described in
Comparative Example 1A, except that a 0.2 M ammonia solution was used
For the precipitation reaction.
0

Comparative example 2 Preparation of a Cu-Cr-Ba-Mn-8i catalyst (Exafuple
1 of US 5,124,491, Henkel, 1992)

A first solution was prepared by dissolving 48.25 g CrQC; in 265 g
water, which was heated to 60 °C. Next, 97 g 28-30% ammenia was added.

5  The addition of ammonia changed the colour of the solution from orange

to light orange-brown, and the pH ilncreased from <1 to 7.9. B second



was obt ai ned, which was heated to 60 C. To this solution was added 1.83 g
of a 40% silica sol (Ludox AS-40, Signma-Aldrich). The second 5 sol ution was
added to the C solution through a funnel in about 20 m nutes, upon which
the Cr solution turned dark green. After adding all of the solution, the
Cr- Cu-M-Ba solution remai ned dark green, and the pHwas 7. After cooling
the sol uti g peeRRkAWN precipitate had formed. The S%‘fﬂ&, AdocBd;€CI pitate
was poured over a filter (glass, P2)y,;to .0 separate the green sol ution
fromthe precipitate. The precipitate was washed six tinmes with 250 niL

wat er . t he | ast washln t he re itate S transferred to a dish,
dried aﬁailgt&lo& Hey Rureared of d@'}ssﬁl‘f(lggén%n)g Baﬁ\élg*fra&? 1682 @4 92CRY |, heat

to 500 @it2tE, mbm) §.cHegt Mnatitb® Cn( 26%)g 7W&€@Lﬂl )A .clhadapluebsovticat al yst

precurs in i 0Sint QN 8. 5% 28. 3% 4. 6% Ba,
3. 5% Wn %BV\% %gé@ E‘E’ch aé}%r;%%g&at%:ooneof&)% 157R° gnJ’ﬂl g‘ﬁaés’slgd%%t al yst A

first sol-88i®nofes Wep?alleda bypldiibeddzv PBgi U9 Sloga-ddppeshici tThat secoRflal t z and

Bauer;) 58140402 wlls 309ARAMRNItae erss&lqegmﬁodh%aep $8nn20 Pf epRfed by
di ssolving 50.4 g zinc citrate djhydrate (S gma-Al d rlch In 102.8 30%

amoni a™FeEeR sHRy Bhih Fhy Gragpedian (eraed d@@)g%‘é 88 23igD 3kl of the
Cu sol utifoBnan@ldtibh, Mhofct-be-Mares Aottt ion, rafdiabd MH:Khgrédi® Shdirhy was
stirred or f|ve nutes hec%s urry. was t C_for 12 h and

0
cal ci ne® a{"a450 BYSr DOhITERE f‘i/l i @apﬁ %tpr's%l%t%%%éa& T0HS % r ushed t o
a powderrre Thelwatal yspre@mmstalm wasr20 oger Ca- Zhliper (A8sgy dAtakyst with a
Cutg Zn gééaa&e ERd 1Q.-9f J—eelu sEXATBL &2 E’l{ee%?ééltﬂl%gt@f ﬁeog!ré'ﬁ £an

magne3|a at al E and zinc citrate s 1ons were prepared as in
Exanpl e “2A. wa@edAsw sgolvhth otp WS priedrar 88ty WiesI6rYi ¥RFRA®ES5 tecobal t
ci.t-rate preSl e Iwaslgﬁaﬂsfgrﬁéz?/etanmﬁlsﬁ, oﬂi@e@ a‘iﬂlméhﬁcﬁifedl(lgaaﬁagﬂasz)ﬁa (E-10,

DSP) was, 4 ded nm._of the Cu ut i 6 f .th S ion, and
0.235 M ‘of“t hce(mtﬂ 's&leﬁfl‘i% wgft(er(Sl%hF)c’h%Fﬁ'e 9 S’PEL Rgr)va(s2 ?f edq} 5& five
m nut es.atTheo stwrizy hWascd:dfﬂSn dr fack &tcodi?2 Ca€alyt bzemaand ead obbede85 at 450
C for , | St PE r Was orushad,t o Uaay\@ ;20051070537
PCT/ IﬂLZd{){Z}_}LOAO%g@Ll%lEgQ;&%\gég o %e’ ggf%lr ;gt Qco?rp%m ?i%nmwas 3 Cu- Zn-Co per
100 g catalyst with a Cuto Zn to Co at/at ratio of 3:1:0. 04 Exarrple 2C

Prepar ati@R,0f 28 4¢pgRaiERn08r NRENESI én GabMMst cdradpstit i ons of copper, zinc,
and cobalT nitrates, w.tnh equi nol ar a}armgnfslof C|4t9r| C_aci dér | gl gtI‘ée‘I r pH
adj usted to PHEFSh PP EE9 afftfpRFERaTed by dissolving g coppér €l

Pfaltz and Bawer) in 104.2 ¢ 30% ammonia. A second soluticn was

0 prepared by dissolving 50.4 g zinc citrate dihydrate (Sigma~Aldrich) in
102.8 g 30% ammonia. To a sample of 1 ¢ magnesia (E-10, DSP) was added

1.00 xi of the Cu solution and 1.87 mL of the Zn solution, after which

the slurry was stirred for five minutes. The slurry was then dried at

120 °C for 12 h and calcined at 450 °C for 2 h, Finally, the catalyst

. 25 precursor was crushed to a powder.' The catalyst composition was 20 ¢

Cu-Zn per 100 ¢ catalyst with a Cu to Zn at/at ratio of 1:1.

Example 2B Preparation of a Cu-Zn-Co on magnes.ia catalyst

Copper and zinc citrate solutions were prepared as in Example ZA.

30 A third solution was prepared by riissolving 10.5 g cobalt citrate
(STREM) in 104.1 g 30% ammonia. To a sample of 1 g magnesia (E-10, DSP)

was added 1.51 mL of the Cu solution, 0.63 mL of the Zn solution, ana
0.135 mL of the Co solution, after which the slurry was stirred for
five minutes. The slurry was then dried at 120 °c for 12 h and calcined

35 at 450 °C for 2 h. Finally, the catalyst precursor was crushed to &



were prepared as described in Exanple 1. To a sanple of 1 g magnesia (E-10,
DSP) was added 3.75 nL of the Cu solution, 1.52 nL of the Zn solution, and
0.121 mL of the Co solution, after which the slurry was 0 stirred for five
m nutes. The slurry was then dried at 120 C for 12 h and calcined at 450 C
for 2 h. Finally, the catal yst precursor was crushed to a powder. The
catal yst conposition was 20 g Cu-Zn-Co per 100 g catalyst with a Cu to Zn
to Co at/ayohsméiw@s®f 3:1:0.04. 5 Exanple 3 Preparati 9'3’1‘%2@ /gadu&n on
zirconia catalyst Copper citrate andszinc citrate solutions were prepared as
in Example 2 To a sarrpl eof 1g 2| rcom a povvder (NNC100, Daiichi) was
added 1, 05w oM 'ﬂle E sol uti on, SZ%L the Zn sol %tlon after which
the sl BTy has St 7 %Jd?SFoFonfpo\?é nnf’ﬁ‘s FhEVAUFP yP st P hencFad¥Fled at 120
C for 12ith aré tal i tedcartdB0 r€fopf B:A:0Kidnal | y, the catalyst precursor
was crushed to a powder. The catal yst conposition was 20 g Cu-Zn per 100 g
catalyst vmth a Cu to Zn ratlo of 3: 1 Exarrple 4 Preparatlon of a Cu-Fe-Co

g CBrE 4P P qResén sRdalyitepared as in Exanpl e
2. Assecond SOsai:wrﬂsor@f\A@gpﬁxep&rla@I bahddloasgmﬁnrry&ré@e@ guvcaoaq@lhnu@a;e

di hydr at e Si hi rd sol ution was
or par oY e SLFATGoTD. 879 ‘CRMAIT STIFAFS CoTRenIh 4T 500,
anmoni awerko prepa@iphe @fscliged iinaBkanppowterto B25anilegussd) ywasmadited 1. 51 nl

of the ga aftﬂéé&t 1.9, o %egcfl 415 0fr the vah). &P's&tl}n‘?{‘o ,ands9. 142 M, of 1 he Co

solutio er ‘'which the sl'urry was stirre ive mnutes. he slurry
was t hepolditier and1polad fméroﬂzth@ apds@atEimeditar 480cke ther surry. wi nal |y,

the gat @iwﬂed pfﬁcghs@rmwa@ew gabedto; a;apofyz@ar arid¥€at Cﬁoak&%orc@ﬂmm tion
was 20 catal yst with e to Co at/at ratio of

S 6 4P 3B A 450 pes o ot GURURL: T ERIALYE SRBrRse &5 on of Ja

Cu- Zn- l\lbr&hedmgﬂespwmt atnes catigpercoopbsiat en ard 20 Rc catin-ab epesol UL i ons wer e

prepared a satt g;f%gdpf Euzto é\nttr}) Egl%g£€t£a9§%%z3pf gpgsed by dissolving 10.1

g ni ckef °%C a a Aesar) mmonia. To a sanple of 1 g 5
magnesi a (E— 10, DSP) was added 1 51 nL of the Cu solution, 0.63 nL of the

Zn. S9! Uk i 0 ANd Gorkdec Tl Ofr LGB SOLULAN ALl efocrhi of the slurry was
stirred ried at 120 C for 12 h and
cal ci ned at “Hper fhrragen ang ﬁé’l“f fltFﬁ%e c%&l&FWS PEE8 UPEEPE*%ad® clUshed to a
powder . gfhig16atal ySta COMPASI bf ON Yas r26ni Gowddslr NINNDEDO, Daiichi) was

added 1.52 mlL of the Cu solution, 0.94 mL of the Zn solution, after

which the slurry was stirred for five minutes. The slurry was then
0 dried at 120 °C for 12 h and calcined at 450 °C for 2 h. Fipally, the
catalyst precursor was crushed to a powder. The catalyst compasition

was 20 g Cu-Zn per 100 g catalyst with a Cu to Zn ratio of 3:1.

Example 4 Preparation of a Cu-Fe-Co on titania catalyst

.5 A copper citrate solution was prepared as in Example 2. A second
- solution was prepared by dissolving 50.3 g iron citrate dihydrate
(Sigma-Aldrich) ian 102.3 g 30% ammonia. & third solution was prepared

by dissolving 10.5 g cobalt citrate (STREM) in 104.1 g 30% armmonia. To

a sample of 1 g titania powder (P25, Degussa} was added 1.51 mL of the

0 Ccu sclution, 0.94 wL of the Zn golution, and 0.142 mbL of the Co
solution, after which the slurry was stirred for five minutes. The

slurry was then dried at 120 °: for 12 h and calcined at 450 °C for 2

h. Finally, the catalyst precursor Wwas crushed to a powdsr. The

catalyst composition was 20 g Cu-Fe~-Co per 100 gy catalyst with a Cu to
5 Te to Co at/at ratio of 3:1:0.4.



10 100 g catalyst with a Cuto Zn to Ni at/at ratio of 3:1:0.4. Exanple 5B
Preparation of a Cu-Zn-N" on zirconia catal yst A catal yst was prepared
anal ogous to Exanple 5A, except that zirconia was used as a carrier. The
catal yst conmposition was 20 g Cu- 15 Zn-Ni per 100 g catalyst with a Cu to
Zn to N at/at ratio of 3:1;0.4. Exanple 6 Preparation of a Cu-Fe-N on
silica catwbysmsofsgruti ons of copper, iron, and nickel,. J(detl,%(fﬁ/ wth
equi nol ar anounts of citric acid, agd t hei r pH adj uste % with 30%
anmoni a, 20 were prepared as descri bed in Exanple 1. These soI utions were
m xed i ng@ : . on, jch 1.1 nL was

i npregnate T i 1351) to obtain a
final catal §§Pp%rfﬁ6§ﬁ’f? offibfZing. TitgrteoBolwtiahs neerd ppdied, asith a QU to
Fe at omigxappid @.0fa Inhirg aiﬂiiuelan YRt/ ate éﬂ!reé e;!yatdl EotAn lé‘lﬁdc?l:%l Th]_e 25
|rrpregnat gageupﬁgrt S oer]? zed and t he cata yst precurs ﬁ

obt ai ned™Wa-dr i'edat**13y Cf ot "9 1h antPicarppNed dle 4505a@fler of B i air.
Exang e #egPeeipar(@tln DoP) awdBu-adtedr. Si licascenalonskoBR198) Ul .isangrn (& 3 9
salt/nmL | g1t i o r nitrate Wi hewrmlar amount s of
citric ai?:nlgd‘kjllli f(r%éatc%ji’r%{l% é?qﬂt %E ’i% h & €VI ®h i &° iEPEYr epar ed
as descr"faﬁeﬂtfrlﬁeExﬁ%IféVi mﬂm@essdﬂh@t sbn:gym&arse tﬂmzxe:ﬂtueﬁ a:n:rmmt Sctgobtain a
Cu-Zn soluti @Ad ofa1ihed 5 i,Npr e il.ica CS 2050)
to obtain a final 35 cata}I yggng%mpo(%5|2??on&glgﬁ§g’ Octillé%mtc91%)"’?% j(t)t%ﬁe(:

| oadi ng, "% THSESBUY & PP ofi © %\%%Yéto‘?fomng}tl%éfﬁaisr’rﬁ)@agﬂatbd-NsumﬁpDrt was
homogeni nedy anadalre W2 QOE: 06093 AoPEl /N20Q4£ 000053, 1. 574 cat al yst precursor

t hus obtained was dried at 120 Cfor 2 h and calcined at 450 Cfor 2 hin
air. To obtaln the 27 8 %vt netals | oading, the support was tw ce

I Mpr egnai*ew; 2P F§ T 4eg 3 Gurfat-Norpn siwpnia chetlveen. 5 Exanple B

Prepar at i on af acQly<n o5 ebeaalahigho PeatHY e gl neygl 1At e

sol utions were prepared as in . To a sa Irca (Aerosil
300) waslZgedd yagouspd Gf atwrears&hat FWlYﬁﬁﬂdZOGPWtﬁEndfast B8 ZnCwol uti on,
af t ers whinehi tfee stargr yathiwas &hhrd ed fOrnfid @i mMupdtessrifher skurg . was then
dried at 120 C for 12 h and calcined at 450 C for 2 h. The catal yst
precursor was crushed to a powder. The catal yst conposition was 20 g Cu-Zn
per 100 ExappieglfyBteparation of a Cu-Fe-Ni on silica catalyst

Solutions of copper, iron, and nickel nitrates, with equimolar

amounts of citric acid, and their pH adjusted to pH 7 with 30% ammecnia,
20 were prepared as described in Example 1. These soluticns were mixed in
amounts to obtain a Cu-Fe-Ni solution of which 1.1 mL was impregnated
on 1 g silica (Grace Davison, Davicat® SI 1351} to obtain a final
‘catalyst composition of 10.3 %wt of total metal loading, with a Cu to
Fe atomlc ratio of 3:1, and 0.1 %at/at Wi relative to Cu and Fe. The
25 impregnated support was homogenized and the catalyst precursor thus
obtained was dried at 120 °C for 2 h and calcined at 450 °C for 2 h in

alr.

Example 7 Preparation of a Cu-%n on silica catalyst

30 Solutions (0.3 g salt/ml solution) of copper and zinc nitrates,
with equimolar amounts of citric acid, and their pH adjusted to pH 7
with 30% ammonia, were prepared as described in Example 1. The
solutions were mixed in amounts to obtain a Cu~Zn sclution of which 2.5
ml, was impregnated on 1 g silica (PQ, €S 2050) to obtain a final

35 catalyst composition of 27.8 %wt of total metal loading, with & Cu tc

on atomic ratio of 3:l1. The impregnated support was homogenized and the



with a Cuto Zn at/at ratio of 3:1. 5 Exanple BA Preparation of a Cu-Zn-Rh
on sitita ctatalyst A Cu-Zn catal yst precursor was prepared equivalent to
Exanple S. A third solution was prepared by dissolving 0.1 g of a rhodium
nitrate solution (14.7% Rh, Chenpur) in 10 nL water. The Cu-Zn on silica
catal yst precursor was inpregnated wwth a solution 0.292 nL of the Rh O

sol ution ient additional water to reach in i ess. The
wet pomde?‘q%@g@ie:gée:,d at 120 C for 24k and cal cined af“'cﬁjé‘ﬁﬂ@“mwz h. The
catal yst conposition was 20 g Cu-Zn-Rh per 100 g catalyst with a Cu to Zn
to Rh at/at ratio of 3:1:0.004. 5 Exanple 8B Preparation of a Cu-Zn-Ru on
silica CHPAFYSt PEEEFAF y§]f‘u“°vva%btﬁf“é@pﬁiar"@d sFardgdtisitd Exafph e2 8h, aekcept t hat
the cataloistd pa*ecw{so‘rc poorder wmamn i 4131 egpabpehid tdhed 29508 ug,;,prh&falg ut heni um
ni trosyl 0%;Ru, ur) The catal t. con 05|t Cu-Zn- Ru
per 100 E(djigg % S\Mp}f’??rg) &5 T Tn P 1gdlat att o ré'fmg?ﬁalﬁ“f?% ot 0 Exanpl e
8C Prepai‘ﬂalt Ftérbecwe@lm Zn-Pd on silica catal yst A catal yst was prepared

anal ggous to Exanpl e BA, except that the catalyst precursor powder was
|rrpregnated vvlth a soI utlon of palladl um nitrate (40.5%%0 Pd, Chenpur). The

cat al ys£2*E®nf 9% en ¥ § Girfrrpgliicaeatedpsly cat al yst with a Qu to zn
to Pd at/at m@tper) eit:&té &naO&;_nd/\QﬁQ%é og&aazoracwewg%ﬁe&@@%a 148 Exanpl e
8D Prep@rat aQn ofT aa%J 2 n_si. lca atal ys §ol ut| Zugfsglt/nt
sol uti oRyBF-Cchpper 2 and Pz i e i § ratss | \ei\f"tsl;‘i éﬁ? BT AERDIne itric

aci d, ahde _tqrﬁeﬁtpllmﬂoadjamsit 8db4 oL pi The viint boBAYmMwhem, wh\neln eghprepared as
descpi beds i 415 Exaimise %ivJ QuiBuBAD h’fre 55195 \gllug s SLldrC griﬁ@r Shhg 3Q0.¢,pPegussa)

was added 3.77 nL o |on an n solution, after
whi ch t Ré %Ia&ﬁrﬁa%‘é‘ad St F?%d’cf B‘i’r £ibe Tﬁ?n‘Eﬁté§YStrﬁéef§+rt§PFyW%§r‘%sﬁéﬁ dried at
120 ﬁ 1; eb al%ohdeﬁndh@adamam?@t @bmlfb'@@tlcﬁ fos 22 b cutlzg %&t 3bwsgt lc@fa@&}ﬁ% sir wafs
crushed t Yo} ion was prepared by dissolving g of a
pl ati nuPF‘?‘%1 A F?g& solal}t/iag %%% cfo Chenmpur) in 10 nL water. The Cu-Zn on
silica catalyst precursor was |rrpregnat ed with 0.139 nL Pt solution and
Z‘rlffcbjc' eRLyAddbL 1008l - MALE -4 9 ELBG BET DL el MBINRSS. nge ‘(’:"SE a}“;"é‘?er was
conposi ti on wd¥80 FtelyFh PPECEPT 180 RFParH PERLIRHLERE FoCaBle B.Zh to Pt
at/at rati fo13tdor0.W@84prepared by dissolving 0.1 g of a rhodium nitrate

solution {14.7% Rh, Chempur) in 10 mh water. The Cu-Zn on silica
catalyst precursor was impregnated with a solution 0.292 mL of the Rh

0 solution and sufficient additional water to reach incipient wetness.
The wet powder was dried at 120 °C for 2 h and calcined at 450 °C for 2
h. The catalyst composition was 20 g Cu-Zn-Rh per 100 ¢ catalyst with a
Cu to %n to Rh at/at ratlo of 3:1:0.004.

{ 5 Example BB Preparation of a Cu-Zn-Ru on silica catalyst

A catalyst was prepared analogous to Example BA, except that the
catalyst precursor powder was impregnated with a solution of ruthenium
nitrosyl (13.0% Ru, Chempur). The catalyst composition was 20 g Co-Zn-
Ru per 100 g catalyst with a Cu to Zn to Ru at/at ratio of 3:1:0.004.

Example 8C Preparation of a Cu-Zn-Pd on silica catalyst

A catalyst was prepared analogous to Example 84, except that the
catalyst precursor powder was impregnated with a solution of palladium
nitrate (40.5% Pd, Chempur). The catalyst composition was 20 ¢ Cu—Zp—Pd

5 per 100 g catalyst with a Cu to Zn to Pd at/at ratio of 3:1:0.004.



Il Exanple 9 Preparation of a Cu-Zn on zirconia catalyst A catalyst was
prepared anal ogous to Exanple S. Instead of silica, zirconia powder was
used (NNC100, Daiichi). The catal yst conmposition 0 was 20 g Cu-9n per 100 g
catalyst with a Cu to Zn at/at ratio of 1:1. Exanple 9A Preparation of a
Cu-Zn-Rh on zirconia catal yst A catal yst was prepared anal ogous to Exanple
8A. Instead of silica, zirconia powler was used (NNC100, Daiichi). The
catal yst ®wocespositi on was 20 g Cu-Zn-Rh per 100 g catmngedsowdesih a Cu to Zn
to Rh at/at ratio of 1:1:0.004. Exa#ple 9B Preparation of a Cu-Zn-Ru on
zirconia catalyst A Cu-Zn catal yst precur sor was prepared anal ogous to ;
Exanpl e, 8D , used ( NNC100, |
Dai i chi § f adden OgouS o \A%%;‘.%The cat al yst ]
conposi ti on Wtwi‘g (0ch- Znsﬁdi/ﬁlér Sqml@n)caﬁtfalcysmeﬁmapﬁ airgu migr@esto Ru |
at/at 14Li0 Hhindiak Andhs VO 00COLORTT RETENI2004/ AONGRIs k0 Jxanpl e OC

Preparatld_p %%x Zn-Pd on zirconia cata gst A_cat al yst vvas repar ed
anal ogolistt ¢ %{?ﬂﬂnéa PRI EAGeH S §??‘ir&5 d Ay EWP&%EMF& PREed |
( NNC100g£ Dai |gcm1)L1caTheAa::aﬂsalysmo avaguaqmosmialsomdmas 20}79@1 -on-d8d mer 100 g
catal ys Zn-t QP ti 0 D

Pr epar a:s| %ﬂntlg %J:E%r? %tl' gﬁ g?? ?%)I{n?sal%git :'Iill' g%t]Ar st vvasp;g‘)r eﬁgr ed

anal ogogsitnedEfkeidlize Bnuktast dhg 8furrg is| itb%P dZ-"FP‘é(ﬂ’T‘I é%mﬁdéprvﬂa@shused

(NNClOOan@eda'lgbﬁQd at The) G@tﬁiﬂ@th GRAPQTLL AN w@éax%grgﬂa@cmhea fen 100 g
catalyst with a Cy to Zn to at/at ratio OF 0. 004. Exan'gle 10

Pr epar aPPBiF<of Aatbéﬁdzﬁojdlﬁl%d‘ﬁ‘és?raepé"é‘?%lbys‘f‘lafok‘”@? ont cgaf’ﬁl? pte®ur sor was
pr epar egigrtadeogousticn BEsnpE er8D. Chelmpﬁ:t ea;t:h ofo s |mernagnesc:va—zmowﬂler was

used (E— 1 P h I,Q [ g

cat al yst \%1 %ahga%adyg E?C%%Jy%tasr%?p afte?L Vsl]'%lagézg% %’ é%l%ﬁgrﬁéa%au on of a
Cu- Zn- Rsubfigieghesidateanadl yaten tCur@rhc ancipjsnt meée%ﬁ%oﬂhwtp@ewred
analogoys t 9 Examp! e BD.oc I@st ead QfaSichi GideaTRINGSH 2°PONler2 Was fsed (E- 10,
DSP). The Rh was added anal o%gus to Exanpl e BA. The cat a‘%tst conposi tion
was 20 gatylvzh- cRpogéEioro@ag tgaFk}sEin“ﬁFtH'?ral@l % GRS Baf St atio of
1:1: 6. 0Q4. to pt at/at ratioc of 3:1:0.004.

Example 9 Preparation of a Cu-%n on zirconia catalyst

A catalyst was prepared analogous to Example 8. Instead of silica,
zirconia powder was used (NNCL00, Dalichi). The catalyst composition

0 was 20 g Cu-Zn per 100 g catalyst with a Cu to Zn at/at ratio of 1:1.

Example 93 Preparation of a Cu-Zn~Rh on zirconia catalyst

A catalyst was prepared analogous to Example B8A. Instead of

silica, zirconia powder was used (NNC100, Daiichi). The catalyst

‘5 composition was 20 g Cu~Zn-Rh per 100 g catalyst with a Cu to ¥n to Rh
i at/at ratio of 1:1:0.004.

Example 9B Preparation of = Cu-Zn-Ru on zirconia catalyst

A Cu-Zn catalyst precursor was prepared analogous to Example §D.

0 Instead of silica, zirconia powder was used (NNC100, paiichi). The Ru
was added analogous to Example BB. The catalyst composition was 20 g
Cu-Znp-Ru per 100 g catalyst with a Cu to Zn to Ru at/at ratio of

3:1:0.004,



Exanpl e 10B Preparati on of a Cu-Zn-Ru on magnesi a catal yst A catal yst was
prepared anal ogous to Exanple 8B. Instead of silica, nagnesia powler was
used (E-10, DSP). The catal yst conposition was 20 g Cu-Zn-Ru per 100 g
catalyst with a Cuto Zn to Ru at/at ratio O of 3:1:0.004. Exanple ICC Prs
aration of a Cu-Zn-Pd on negnesia catalyst A catalyst was prepared anal ogous
t o Exanpl ewdGoodorsszead of silica, magnesia powder wagcp§eRoddeockP, DSP). The
catal yst composition 5 was 20 g Cu-#n-Pd per 100 g catalyst with a Cu to Zn
to Pd at/at ratio of 1:1:0.004. WO 2005/ 070537 PCT/ NL2004/ 000051 20
Exanpl e 10D Preparation of a Cu-Zn-Pt on nmagnesia catalyst A catalyst was
pr epar ed anal ogous to Exarrpl e 8D Instead of SI | ica, nagnesia powder was

[ 20 | PrEfharaigion i ptCu- Zn- Pt per 100 g
cat al yst W'tﬂ abhly s‘% Zﬂast %ﬂ%ﬁaa@éé aBnJl%Eb& of ﬂx%m@eo% EXQIRILS,

Preparation of Cu-Fe on silica catalyst A catalyst was prepared ana ogous to
Exanpl e BAICYs| fiFgney POvest rute $8pUtilBIF08s |DﬁlE§3‘a'Lﬁrpl &h2) eat@lett iron
glut rate cﬁ:ﬁb%ﬁoﬂt(ﬂﬂn (vas :201 g Emanﬁl@ g)jr ﬂﬁhegC@tt/ahyﬁ w@emm?ut tom \wrml 20 ¢

Fe per_,1 . C lyst With a to Fe at/at ratio of 1:1. Exanples 11A -
11D Pregir At gl%foaftcg 1{“30 " Ru, Pd, or Pt) on silica 5 catalysts
Cat al ysts were prepared anal ogous to Exarrpl e 8A, using a Cu citrate

solutio 1S ol : ( . n (as in Exanple 4).
The cat lé @D L J.%)n@:@d:\ CU- J or Pt) per 100 g

catal yst with acaealrsd- P@St opﬂ(qmreqhuanqﬂegow F%)Efa%rvpée &-r atiseedt 9t 1: 0. 004.
Exanpl 93311{205:' eeﬁf@h%s)n }@fﬂd@:l: O«,tg%e w8y Si (hu@@opatnellyeﬁl)A clﬁieal yRlalpes
prepared. anal ggous e usjng a e so n .and an iron
nitrate SEPRETS ?Ige%lq T EXEmMBeE %ﬂgb g %acg%ﬁ%élfc g\t‘ gtns wer e
20 g Cu- eﬁ:ﬁ’ap&fati@&:@l@at(}aloyﬂ with a Cu to Fe at/at rat| o of 1 1 Exanpl es
12A.12D Preparation of Cu-Fe-(Rh, Ru Pd or Pt) on silica catalysts O
Cat al ysts ver e prepared anal ogous to Exanple 80, using a Cu nitrate
sol ut i orEsznglg AR ANR] CUT $h RI(BRINEEE] CRFRERAnpl e 6) .

5 A Cu-Zn catalyst precursor was prepared analogous to Example 8D.

Tnstead of silica, magnesia powder was used (E-10, DSP), The catalyst
composition was 20 g Cu-Zn per 100 g catalyst with a Cu to Zn at/at
ratio of 1:1.

0 Example 10A Preparation of a Cu-Zn-Rh on magnesia catalyst

A Cu-Zn catalyst precursor was prepared analogous to Examplea 8D.
Instead of silica, magnesia powder was used (E-10, DSPE). The Rh was
added analogous to Example 8A. The catalyst composition was 20 g Cu-in-
Rh per 100 g catalyst with a Cu to Zn to Rh at/at ratic of 1:1:0.004.

Example 10B Preparation of a Cu-Zn-Ru on magnasia catalyst

A catalyst was prepared analogous to Example 8B. Instead of
silica, magnesia powder was used (BE-10, DSP}. The catalyst composition

was 20 g Cu-Zn-Ru per 100 g catalyst with a Cu to Zn to Ru at/at ratio
0 of 3:1:0.004,

Example 10C Preparation of a cu-%n-Pd on magnesia catalyst

A catalyst was prepared analogous to Example 8C. Instead of
silica, magnesia powder was used {E-10, DSP}. The catalyst gomposition

5 was 20 g Cu-%Zn-Pd per 100 g catalyst with a Cu to Zn to Pd at/at ratio
of 1:1:0.004,



The catal yst conpositions were 20 g Cu-Fe-(Rh, Ru, Pd, or Pt) per 100 g
catalyst with a Cuto Fe to (Rh, Ru, Pd, or Pt) at/at ratio of 1:1:0.004.
WO 2005/ 070537 PCTI NL20041000051 21 Exanple 13 Catal yst testing procedure A
catal yst sanple of 0.25 g (as prepared by the nethods described in Exanples
1-12) was reduced under a hydrogen flow for 2 h at a 5 tenperature of 350
C. The reduced catal yst was transferred to a reactor and suspended in 25 nL
met hyl | aupatBoes/07d387 reaction mxture was stirred at JSEniRMwager 100 bar
hydrogen and at 250 C for 4 h. Afterz cooling, the reaction m xture was

anal ysed by GC. The results of the GC analysis are listed in Tables 1-3. WO
2005/ 070537 PCT/ NL2004/000051 22 ONo CUin HOmMo al HN +4) NOm
Hroo EDII O Il on o] OMMmM +) toNoOOOOOOOOOONt~NTrooO
C q = Gxeuply 180 Prgparaiignoed) a fu=2n-Pp on magnesisfafplysty U o UU\ o0 0 mw m

H N CO o0 0 maldeatdiysid £AM prdpabledn GhdNoghéd ON Beidpibt b Huostdad ¥ -- (0 A
Od~ N ().i.ki(? NOor HH9 O Il mHH % H H .
silica, magnesia powder was used (F-10, DSP). The catalyst composition

5 was 20 g Cu-In-Pt per 100 g catalyst with a Cu to Zn to Pt at/at ratio
of 1:1:0.004.

Examples 11 Preparation of Cu~Fe on silica catalyst

A catalyst was prepared analogous to Example 8A, using a Cu

0 citrate sclution {(as in Example 2} and an iron citrate solutien (as in

Example 4). The catalyst compositions were 20 g Cu-Fe per 100 g
catalyst with a Cu to Fe at/at ratio of 1:1,

Examples 11A - 11D Preparation of Cu-Fe-{Rh, Ru, Pd, or PEt) om silica
5 catalysis

Catalysts were prepared analogous to Example 84, using a Cu

citrate solution (as in Example 2) and an iron citrate solution (as in

Example 4). The catalyst compositions wers 20 g Cu-Fe-{Rh, Ru, Pd, or

Pt) per 100 g catalyst with a Cu to Fe to (Rh, Ru, Bd, or Pt) at/at
0 ratio of 1:1:0.004.

Examples 12 Preparation of a Cu-Fe on silica catalyst

A catalyst was prepared. analogous to Example 8D, using a Cu

nita;“ate solution and an iren nitrate solution (as used in Example 6).

5  The catalyst compositions were 20 g Cu~Fe per 100 g catalyst with a Cu
o to Fe at/at ratio of 1:1.

Examples 12A - 12D preparation of Cu-Fe-{Rh, Ru, Bd, or Pt) on silica

catalysts

0 Catalysts were prepared analogous to Example 8D, using a Cu
nitrate solution and an iron nitrate solution (as used in Example 6}.
The catalyst compositions were 20 g Cu-Fe—(Rh, Ru, Pd, or Pt) per 100 g
catalyst with a Cu to Fe to (Rh, Ru, Pd, or Pt) at/at ratio of

1:1:0.004.
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| A catalyst sample of 0.23 g {as prepared by the methods described in

Examples 1-12) was reduced under a hydrogen flow for 2 h at a
5 temperature of 350 °C. The reduced catalyst was transferred to a
reactor and suspended in 25 ml methyl laurate. The reaction mixture was
stirred at 750 rpm under 100 bar hydrogen and at 250 °C for 4 h. After
cocling, the reaction mixture was analysed by GC. The results of the GC

analysis are listed in Tables 1-3.
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v) 25 P271362000/ RXI PCT/ NL2004/0005-f-. 21-11-2005 CL Al MS 1. Mthod
for the.preparation of a chromumfree catalyst conprising Cu and at |east
one second netal in nmetallic or oxidic form conprising the steps of: a)
preparing a final solution conprising ions of Cu and of at |east one second
nmetal, said final solution additionally conprising ions of an organic

conpl exi ng agent and having a pH of above 5; b) contacting said final
solution with inert carrier to form a final solution/carrier conbination;

c) optionally, drying the final solution/carrier conbination; d) calcining .
the final solution/ carrier conbination obtained in step c) or d) to yield
Cu and the at | east one second gl inoxidic form and e) reducing at

| east pagoh Recddyud hus obtained oxidic Cu on thep&gk%gr.oo%.r_ ot hod -
s

according to claim1, wherein the organic conptexi > sPEhosen from
citric acid, lactic acid, and EDTA. 3. Method accordi ng to ] of clainsl or

2, step a) conprising the step'of prepari-ng said final solution by
conbining at least a first solgugiéegi’egrrprisi ng ions of Cu with at least a
second solution conprising ions of at |east one second netal. 4. Method

accordi A9 Je@nsd LM dw@ | irst .and. second, solutions both conprise
i ons of the coonextliﬁ agé%tg?élqg JsiCEﬁIJ??malﬁmdfég?lcc rtfta%kgt%i BHPIS Lt hod
accor di ng @o 28Ay2of1e3Fhi ree Jeoend) mefieriai mebmitlhict he 6:iidé¢ foxalution and the
second soldashpfiBifA¥Re arpt @k above S. 6. Method according to claimb5,

wherein the fi r§t and .t he seccind 1u$c?| ution,have a simlar pH ted?;

~: 5ff 202005 EC FASPREF heisaar Sgiutien comprdsing gionsjofgCu and of _gn . -

40' 4" 03950; at least one second metal, said final solutiun‘
- additiorally comprising ioms of an organic complexing
agent and having az pH of above 3;
' b) contacting said final solution with inert carrier to form
a final solution/carrier combination:
c) optionallf, drying the final sclution/carrier
combination;
d) calcining the final solution/carrier combination obtained
in step ¢) or d) to yield Cu and the at least one second
" metal in oxidic form; and
e) reducing at least part of the thus obtained oxidic Cu on

the carrier.

2. Method according to claim 1, wherein the organic complexing agent
is chosen from citric ecid, lactic acid, and EDTA.

3. Method according to any of claimsl or 2, step a) comprising the
step of prevaring said final solutien by combining at least a
first solution comprising ions of cu with at least a second

solution comprising ions of at least one second metal.

4. Method according %o claim 3, whersin the first and second

solutions both comprise ions of the complexing agent in a similar

coneentration.

. 5. Method according to any of claims 3 or 4, wherein both the first

solution and the seecond solution have a pH of above 3.

6. Method according to claim 5,
solution have a similar pH.

wherein the first and fthe second



6 26 CI 7. NEt hod accordl ng to any of the preceding clainms, wherein said
chromumfree catalyst further conprises at |least one third netal. 8.

Met hod according to any of the preceding clains, wherein the pH of the
final solution is above 6. 9.. Method according to any of the preceding
claims, wherein the concentration of Cu ions in the' final solution is in
the.range of 0.001-0.3, nore preferably of 0.005-0.15 g Cu/niL. 10. Met hod
according' to any of the preceding clains, wherein the anount of Cu ions in
ther tion is suchth F lyst is obtained conpki.gi:Rg. 1-50 %,
nmor evpﬁ-e!-*g?g@fy 10 t.o 30. % & Eﬁ vmist pr ef er abl Y, 15 - 25 ;9@@3@4

A

11. Met hod according to any of the prggeding clains;’ wherein the
concentration of ions of the conpl exing agent in the final solution is in
the range of 0.001-1.5, nore preferably of 0.15-0.5 g/niL. 12. Method

according t ep ecedl n ejn _the_ _anpunt of ions of the
conpl exi g’g t‘gggo%/ ?Cﬁofcﬁngf cha‘.im ut h%nprlege §€|cﬁiat"'ﬁ3't ‘HREe IS4y ati o of

metal to cotgbrivinnireagenelyss furthwe comperbeps aff 18ast tr@ Bhirdotexapreferably 0.5
to 2, and nost preferably 0.75-1.25. 13. Method according to any of the

pr ecedl ng cl-ains, wherein the concentration of ions of the at |east one
second nit dlethod acqarding £q gmy ofothf PERFefinTl laibre WiRsRER Ghe @Hool- 0. 3,
preferably ths #iRgl sedigen @k £d¥@56.0. 15 g/ nL. 14. Met hod according to any of

t he preceding clains, wherein the anount of ions of the at | east one second
metal in the final solution is such that catalyst is obtained with an

atomi c r &t iMethed a@goxrddng hie adnyl edfstthenpreyedingd chetral wWhedtehie thaige of

0.01-10, ”QB@CBnEf@JLSﬁ%' S ':LBnaTx h.‘?: E@Q@na@.f sfludron 180d RSt Reeberably in the
range of d"<1.5.1,92005 CLMBPA D' p4703950 27 15, Met'hod

accordi ng t°0°°3'n9 %f m?‘F?eP’afﬁF?Psw?“fl& Qertradith P‘H‘\é‘ concentration of ions of

the(at | east one third nmetal in the final solutionis in the range of
0. 0001- Oltpgleth%'ée @E&QL%'% tg]ﬁ #3%e preceding claims, wherein the
amount of Cu ions in the final solution is such that a catalyst is
obtained compr1s:_Lng 1-50 %wt, more preferably 10 to 30 %wt, and
mast. prefarably 15 - 25 fwt Cu. . '

11.¥ethod according to any of the preceding c¢laims, wherein the
concentration of ions of the complexing agent in the final
solution is in thé range of 0.001~1.5, more preferably of 0.15-0.5
g/ml.

12.Method according to any of the preceding claims, wherein the
amount of ions of the complexing agent in the final solution is

i"‘a_/ ‘'such that the molar ratio of metal to complexing agent is in t_he
‘ range of 0.1 to 5, moré preferably 0.5 to 2, and most preferably
f6.75-1.25. '

13.¥ethod accordi}xg to any of the precsding claims, wherein the
concentration of ions of the at leagt one second metal , in tha.
final solution is in the range of 0.001-0.3, preferably in the
range of 0.005~0.15 g/mL.

14,Method accordmg to any of the preceding claims, wherein the
amount of ions of the at least one second metal in the final
solution is such that catalyst is obtained with an atomipg ratio of
Cu tc.the at least one second metal in the range of 0.01-10, more
ﬁrefexably in the range of 0.1-5, and most preferably in the range

of 0.3~3.0.



of 0,0005-0.015 g/ L. 16, Met hod according to any of the clains 7-15, wherein
the anobunt of the at least one third netal is such that catalyst is
obtained wth an atomi—c ratio of the at |east one third netal to Cu in the
range of 0.001-0.05, nore preferably in the range of 0.001-0.01. 17. Mt hod
accordinhg to any of the preceding clains, conprising an additional step Q)
of pulver|S|ng t he obtai ned catal yst. 18. Method according to any of the
precedlngwaalns wherein the at  |east one second netal is chosen from one
or:&@ﬁg1"§ﬁﬁ§, 2n, Co, tai;§ ﬁmgp*' i nation thereof. gg- ccordi ng
t o~any “oF e precedlng clalﬂ%"vh in the at | east one t: .ﬂital is
chosén from one or nore of Pd, Ru,zﬁt, Rh, or a conblnatlon of two or nore
t hereof. 20. Met hod according to any of the preceding clains, wherein the
inert carrier is chosen fromalunmna, silica, silica-alumna, titania,

magnesi gs . mﬁaaonaam@mec QX g8y QF aﬂwngaq‘%}]snahl-ﬂﬁ LR - wpd, Method

according to any of precedi ng cl al erein the inert carrier is
present i r?"&??“é?ﬂféﬂ‘? °6f’-°5€) o5 gt 1epot one i EAretade L dhal £i8el conpri si ng Cu
and at | easlutige iegpnte nRingk obtmbdembt @3pYprRreRbhpdiracaerdngg to any of the
pr ecedi ng o%lé"nﬂ%-o 0?1§ %om umfree catal yst according to claim?22, said
catal yst “Conpri'si hg '™ east 5 ot Cu and havi ng an atomc ratio of Cuto
the at |east one second netal of *0.1-10. d . t)61"-& 12/, 20b5& GLVi SA

pp~~ti g, 'MeEﬁo'd adeBA%A3980any %fu‘éﬁb 291k 7-95 2% hera T the %Qount g#. Chromumfree
Cu- Zn cata igggported on . si zirconi.a, or nmgnesia according to any

of clainst RS rfbetégSBS ORED thﬁFeFﬁa&bﬁ/ IPooRE8Ed (cu + zn) and
havi ng a @utH en Znoniat kxtiof o .the &) ladstatne piiakienstalyrdch-in avd at, nore

pr ef er abl 4. 2%/ @Hyog 38, ; taAC di ng to cl aim 24,
further ¥a#§r?§?ngﬁaos at ears%gg%gbggéonaérre&gfa%%% ot ?,Cbrlor a conbi nation
t hereof . 26. Chromi umfree Cu-Zn catal yst according to any of clains 24 or
25, f urt. hetnhse oagoik@inggtat adyeast th@epdebédifly melsdhs chagepidfinonaRh, Ru, Pd

additionai step g) of pulverising the cbtained catalyst.

18,.Methed according to any of the preceding claims, wherein the at
least one second metal is chosen from one or more of Fe, Zn, Co,

Ni; or a combination thereor.

19.Method according to any of the preceding claims, wherein the at
least one thixd metal is chosen from one or more of Pd, Ru, PL,

Rnh, or a combination of two or more thereof.

20.Method aceording to any of the preceding claims, wherein the inext
carrier iz chosen from alumina, silica, silica-alumina, titania,

magnesia, zirconia, zinc oxide, or any combination thereaf.

21, Method according to any of the preceding claims, wherein the

inert carrier is present in an amount of 50-35 %wt.

29.chromivm-free catalyst comprising Cu and at least one second metal
obtainable by a method according te any of the preceding claims.

23, Chremium-free catalyst according to claim 22, said catalyst
comprising at least 5 &wi Cu and having an atomic ratio of Cu to

the at least one second metal of 0.1-10,



and Pt, or conbinations of two or nore thereof. 27. Chromiumfree Cu-Zn
catal yst according to claim26 having a ratio of (Cu + Zn) to the at | east
one'third nmetal of 0.0001-0.5 at/at, preferably of 0.001-0,01 at/at.

28. Chromiumfree Cu-Fe catal yst, supported on silica,, zircon |la, or

magnesi a according to any of clains 22 or 23, conprising 5-50 %1,
preferably 10-30 % (Cu + Fe) and having a.Cu to Fe ratio of 0.1- 10 at/at,
preferably 0.5-5 at/at, nore preferably 1-4 at/at. 29.Chromumfree . Cu-Fe

cat ¥t/ ae0ms di ng to cl ai m 28 MEEARer conprising as at IQ@E?L Re second
et 8 o0 o N , or a combi nat iforetdereof . 30. Chronium free? '—,;%?g,%cat al yst
accordidg to any of clains 28 or 292% furt her conprising at |east one third
nmetal chosen fromRh, Ru, Pd and pt, or conbinations of two or nore

t her eof . 243¢h i erifoen fouedn Coatidystatsapyeit e ChOrsdl NG, t @1 £dori ) 3R having a
ratio of f ‘ ; I .one .t hi metal, pof 0.0001-0,5 at/at,
preferably %‘ﬁeglagg%c%ab‘%ﬁg?/a&gygggiﬁﬁ%%& Q%gg'oﬁ?%lffn@egé%ﬂ &ftyst according
to any of RISAFFAPIPOLO330 fit (Guhi %3y dmdgrenand erfuofe fZattariacifds,1-fatty esters,
esters andlo dissl epfertat1at6.%-8l6000! foredLoliabsy a04 i@l cohol s,

respectively.
25.Chromium-free Cu-2Zn catalyst agcording teo claim 24, further
comprising as at least one second metal Co or ¥i, or a combination
thereof.

o 26.Chromium-free Cu-%Zn catalyst according to any of claims 24 or 25,
ey further comprising at least one third metal chosen from Rh, Ry, Pd

znd Pt, or combinations of twe or more thersof.

27.Chromium-free Cu~Zn catalyst according to claim 26 having a ratio
of (Cu + 2Zn} to the at lgast one third metal of 0.0001-0.5 at/at,
preferably of 0.001-0,01 at/at.

28.Chromium-free Cu-Fe catalyst supported on silica, zirconia, or
magnesia according to any of claims 22 or 23, comprising 5-50 twik,
preferably 10-30 %wt (Cu + Fe) and having a Cu to Fe ratie of 0.1-
10 at/at, preferably 0.5-5 at/at, more preferably 1-4 at/at.

29.Chromivm-free . Cu~Fe catalyst according to claim 28, further .
‘comprising as at least one second metal Co or Ni, or a combination

. thereof.

30.éhromium—free Cu-Fe catalyst according toe any of claims 28 or 29,
further comprising at least one third metal chosen from Rh, Ru, Bd

and Pt, or combinations of two or more thereof,

31.Chromiﬁm—free Cu~-Fe catalyst according to-claim 30 having a ratio
of (Cu + Fe) to the at least one third metal of 0,0001-0.5 at/at,

preferably of 0.001-0.01 at/at.

32 .0Use of chromium~-free catalyst according to any of claims 22-31 for
the hydrogenation of fatily acids, fatty esters, esters and
diesters to fatty alcohols, alcohols and dialocchols, respectively.





