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CHROM UM FREE CATALYSTS OF METALLI C CU AND AT LEAST

ONE SECOND METAL The present invention relates to a
worbismdo$3or t he preparation of a chrom um - fr @€T/NL2004/000051

catal yst conprising Cu and at | east one second net al

in nmetallic or oxidic form a catal yst obtainable by

such nethod and the use of said catalyst for the

hydr ogenati on or hydrogenolysis of fatty acids and

f RRE¥T RS bRIS ik @td YoraheRNighe andyptle E‘.:EZ?SSII 8fi® @Fofl METaL
esters to their correspondi ng al cohols. Copper

containing catalysts are well known catalysts for the
hydr ogenat i on/ hydr ogenol ysis of fatty acids and fatty
esters to fatty alcohols. Fatty al cohols are used as
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Cu-Cr catalysts are currently the commercially most successful
catalysts employed for this process. These catalysts have adequate
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 a great
deal of labour and cost 1is spent in treating/recovering the waste
catalyst. In addition, since many palm oil derived chemical
intermediates have a final application in household products (socaps,
detergents, cosmetics, etc.), chromium contamination of the product
stream would have to be monitored.

In the art, there is a need for chromium-free Cu catalysts for the
hydrogenation/hydrogenolysis of fatty acids and fatty esters, which are

not toxic, and which are capable of performing under severe conditions,



stream woul d have to be nonitored. In the art, there
is a need for chromum- free Cu catalysts for the
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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
different pH 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 5,759,947. Said method comprises the preparation of
a solution containing the metal salts as above, whereto the complexing
agent citric acid is added, followed by impregnation of spherical
support therewith.

It has now surprisingly been found that upon impregnation with a
solution comprising ions of a complexing agent, said solution having a
pH above 5, catalysts were obtained having an improved activity or

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



interm xed at an atomic level, to result in the

formation of distinct nmetal clusters at the catal yst
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chromum - free Cu catalyst3® is disclosed in US

5 759, 947. Said nethod conprises the preparation of a
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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.

It was found that the chromium-free Cu catalysts thus obtained
showed promising activity and selectivity, particularly in the
hydrogenation and hydrogenolysis of methyl acetate and other palm oil
derived 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
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
catalyst; however, it is also possible that the catalyst comprises two,

three, four, etc. different metals in addition to the Cu. Preferably,



d ) calcining the final solution/carrier conbination
obtained O in step c) or d) to yield Cu and the at
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at | east part of the thus obtained oxidic Cu on the
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citraeegcaradeciusedd ct@gimbvartei Motthefofrokthe aofecuigalitCu ions as well as
for the required citrate ions. Accordingly, the second metal can also
be provided as e.g. a 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 ions of the complexing
agent can additionally be provided, if necessary, by the addition of
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 solution of one or more of a salt of
the at least one second metal, e.g. Fe-nitrate. The separate metal salt
solutions may comprise more than one metal. In case of the presence of
more than one second metal, ilons of the second metal may be provided in
separate solutions are in a combined solution of the at least one
second metals.

The pH of the final sclution is above 5. The pH may be adjusted by
the addition of any base, such as e.g. NH;OH, NaOH, KOH and Ca(OH),, or

by the dissolution of the metal salts in any suitable base. Preferably,
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one or nore Cu- salts and of one or nore salts of the
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Optionally, the contacting step b) i1s followed by a drying step
c), said drying step preferably being carried out at a temperature in
the range of 80 to 140 °C. Drying of the final solution/carrier
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 industrial
environment. Upon drying the final solution/carrier combination the
metals will precipitate to form mixed metal species on a microscopic,
atomic level. In this way, catalysts are prepared comprising a variety
of metal species mixed on an atomic level in a range of atomic ratios.

Subsequently, in step d), the final solution/carrier combination
is calcined in air to burn off the organic and inorganic residues from
the precursor salts, and to convert the metal precursors to their

respective metal oxides and mixed metal oxides. The calcination step
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prepare the final solution, the said salts are
preferably dissolved in concentrated amonia. In step
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formation of water is not observed or absorption of hydrogen is not
observed. Alternative reducing agents comprise carbon monoxide,
ammonia, hydrazine, formaldehyde, ethylene and lower alcohols such as
methanol. When reduction is carried out in a solvent in the presence of
hydrogen gas, it is preferably carried out until absorption of hydrogen
gas is not observed at temperatures of 150-350 °C. The reduction step
e) 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
is mostly sufficient that the Cu is at least partially reduced. For
example, in case of a Cu-Fe catalyst on silica it is known that Fe may
form a ferrosilicate which cannot 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 ferrosilicate

support.
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the first and second solution are compatible. In case metal citrate is
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used to prepare the solutions, it is preferred that these are dissolved
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 concentration differs at most by a
factor 2, preferably at most by a factor 1.6, more preferably at most
by a factor 1.3.

Moreover, it is preferred that both the first and the second
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
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
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it was found that under these circumstances best catalysts were

solu

obtained. In case the final solution is prepared from a first and
second and optionally a third solution, it is preferred that the pH of
the first, second and third solution is above 6.

It is preferred that the concentration of Cu ions in the final
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
such that a catalyst is obtained comprising 1-50 %wt, more preferably
10-30 %wt, and most preferably 15-25 %wt 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
of 0.15-0.5 g/mL. Most preferably, the amount of ions of the complexing

agent in the final solution is such that the molar ratio of metal to
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concedurat¢nrenbbdingrs othe heetdoepbexd ndirgagant thellpresent

invengﬁa%ﬁgﬁ{g&gFéE%hgﬁgﬁg%éﬁﬁfI%EES gpl&gIﬂﬁﬁv&£&§¥ﬂgsﬁﬁeléﬂ¥ilned
catalyst. Said pulverlslng may be important as the catalysts may be
used in a liquid phase batch reactor, which requires the catalyst to be

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

um, and most preferably in the range of 5-25 pm. Another advantage of
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
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 other 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 more of Fe, Zn, Co, Ni, or a combination thereof. It was
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simlar concentration as the first and the second
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that is simlar to the pH ab the first and second

solutions . However, it is also possible that the

cal cined fina solutlon/ ier c I nation of step. d
for GBI ring baf WAALA GOl oK RGN PRI AL Thé CAbTding to
the dreasht Oireretrhilbd weatealcapbiol ¢ mﬁedabg{l@’hﬂigi‘mhe riophdgehatlon
is 1s particular table for

I
reactigop horHToR B Fif Moo @ HULAPY i anbLaPeer I facstalysts.
Morecp;reef ensed dmahetmEpeHaoﬁ Cunezrf baaélMaJtalconrdmgamothe

presqutéﬁve?tﬂ@s fognqg%ge%tg?n 25%28 é&éﬂﬂf%%n§%g|6%%a?g$

catalmsepaweth frregancd €9 restt imndy >Sedecondi andropt cowalnayian

therdd¥ rd solution, it is preferred that the pH of the
I'rst, second and third solution is above 6. It is

pifef@r%dhshamrqﬂwre@n@m&iaehbntw aCule¢asis dng therd metal is

t he L,
cnos g oS o100 05 00 L B STerabTy o RS B O

more gggAaPfof Cu ions in the final solution is 30 such

that;a p%%tf@l:yécﬁ ﬂh%to%é“ﬁ%‘}tcgml'e% R dro® Whbm M8 na,
preferably o, and nost preferably 15- 25 9%

$111d, Sh pINgRAd, tHdenéR c rIBRsicat Al 5aond anerinc oxide, or any

comb 13R-abRCEhdIIFY 8YGIEARBBUBLSs Ofcabli e A6 1C@RE O dRIrb@Ron of the
of ions of the conpl exing agent in the final solution

Catabfséf BF&PFILngds tPntfeeh@r'eaﬁaE Brveptopn tesplseq) i pagbigularly
good RI=2berabl y 135:68f ndrel Pre@ebrad Mhat Mosd Jﬁfe@ﬁ:eééijbﬁj)é.r t Bechosen
amount of ions of the co | exi n%F ‘?ent inthe fin
a

al
from ssd1l&tc?orf“arg§“e§ﬂréha‘ﬁ$§tlr€ﬂ]é ol %ar 39 Tonfethgt best results
were tiﬂﬁl@nbbeaqﬁegi.agent is in the range of 0 1 5 rmre
pref nost prefer abI

raa?)I 0, 5- 2, 2s

PG R de b ho B o A T JEL i PR Rt E 095 B,
prefeWalbllySlBOh9(DrD%\atr, rmadsitopreparibigul7ar-By wwth a®l alie rdiusopbtained
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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 one second metal
obtainable by any method of the present invention. Such Cu catalyst
shows improved activity, selectivity or a combination thereof over
conventional Cu catalysts. Alternatively, said catalyst may allow for
milder hydrogenation reaction conditions.

It is preferred that said catalyst comprises at least 5 %wt Cu and
has an atomic ratio of Cu to the at least one 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
swt, preferably 10-30 %$wt (Cu + Zn) 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
found for the first time that Cu-Zn catalysts supported on silica,

zirconia or magnesia as inert carriers performed much better with



25

30

35

metal in the final solution is in the range of 0.001-

0.3 g/nL, preferably in the range of 0.005- 0.15 g/nL.
wenefsaresly, the anount of the at | east one SeeOmML2004/000051
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performed much better with regard to activity and/or selectivity in
comparison with known Cu-Fe catalysts.

Preferably, said chromium-free Cu-Fe catalyst according to the
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.

In a further embodiment, said chromium-free Cu-Fe catalyst
according to the present invention further comprises at least one third
metal chosen from Rh, Ru, Pd and Pt, or a combination of two or more
thereof. It was found that the addition of the at least one third
metal, said third metal being a promoter 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 +

Fe) to the at least one third metal of 0.0001-0.5 at/at, preferably of



In a preferred enbodi nent, the at |east one second
metal is chosen fromone or nore of Fe, Zn, Co, N, or
wea 20303at i on thereof. It wasfor exanpl e found#CTiNaRoo4/000051
certain Cu- Fe catal ysts obai ned according to the
present I nvention vvere capabl e of catalysing the

h engtjon re i 0 | ower ressures . L
00010 B T o e Ao S el S SRTEE “Rbr B fomngetivity
and/o@fséi‘@:*ﬁlvlt{}e and Cu Zn catal ysts according to the 5

se&t itgventi on for med better tthan C n%/entt t%”)ﬁ £
epared “¢at aﬁ‘i}’s‘?t ?hpl’reesgeg d P At vitty2tes t° se ot a
chroms$eheftde/i tytalysa cmndznm&hgontd heheofprelslena fimvieheéton for the

hydrogrgggrredoPn?ogéneggl 3 ?g Ieas one t%%#é%s”%%? afesters to

03en 't r dm one or “nor e o
fattycombiaiatlison adfcobabs orntdO cmﬂl@otlhbss eoﬁespectzsveplyef eéfared imiting

exampé??t cgn‘he @t?rtfa%@ rla%’ldl S grtlzps%gtlf:g;orgs%leygn rﬁlclﬁﬁg CAnear or

i ca- alumna, titan a, magnesi a, zirconia, zin
brancpgrfde,sasmrangd Clemraiat@math@r defttyasaaise bﬁvntrmesene or more

carbo?l@rr gEérérbfrgﬁ&yﬂgﬂgr§ﬁkﬂntﬁ§ ggﬁ%éx%éﬁﬁ%s%cﬁﬁgorgﬁgg as e.g.

he present i nvention resulted in partl cu
caprog@odceét af3ng.icl Boid, nprrtisr efcdey edavhbe il ﬁré'rrtlstlc acid,

palmitdEr bgid' SstRQSENL £ &M S5k 68y i MBONQST @180d géf§o@d§plc acid,
as it was found that best results were thus obtai ned

and sppaféf abtifl. NRe-} it ngapKELeiss Ofr 63k SSheaR HMDIse caproic

esterof Os f%@léwwestEEef%%%QHM W@reB0 %@&rl@o%%tgfefﬁﬁﬁbéﬂ&c ester,
8p5 %\, as the thus obtained 10 catal yst i s hi

paini§g apiatad aF eI iy St R gHSRBEPRI 1Y . S MGFe0PeriCa oS &Y adipic
ester! €hAlli &1 bi @hresancentration of cheap carrier

material is adyant ageous from an econqm ¢ poi nt of

Vi, §aFty secdid aSpectatithe S5FgEent IPfvieheronabove may be
hydro@@hat@@ 11818y Clahﬁmrlﬂ@ctlfnﬁ efeChb@) y%tlcEOlmrléjcﬂg £U sWspension

| east _one cond netal IDb Okfntégli nabl e by. any.

react BPNAIP Pl het prSEEH AFAVERIT O SURT T8 ot alystLiidised bed
reactSbawse tgar.onedo bdritvichyl, bseleet ifvirt yhorreactanbimat iion light of
produg&&%?%%t V;%Fgﬁgvegfi8§?|fé%gﬂiat%g¥§£§h d%%ternghé\gﬂééhce of a
solvent. If a solvent 1s used, a solvent, which does not exert an
adverse effect on the reaction such as alcohol, dioxane and
hydrocarbon, 1is selected. The reaction temperatures are generally in
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range of 100-300 bar.
Examples

The present invention will now be further illustrated in the following
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-
Aldrich) in about 150 g water. The solution had a pH of about 0.5,

which was increased to pH 7 by adding small amounts of 30% ammonia
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water. After drying (2 h at 120 °C) and calcination (2 h at 450 °C) a

catalyst precursor was obtained with a composition of 20 g Cu-Fe per

100 g catalyst with a Cu to Fe at/at ratio of 3:1.

Comparative example 1B Preparation of a Cu-Fe on silica catalyst

A catalyst 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.

Comparative example 2 Preparation of a Cu-Cr-Ba-Mn-Si catalyst (Example

1 of US 5,124,421, Henkel, 1982)

A first solution was prepared by dissolving 48.25 g CrOs; in 265 g
water, which was heated to 60 °C. Next, 97 g 28-30% ammonia was added.
The addition of ammonia changed the colour of the solution from orange

to light orange-brown, and the pH increased from <1 to 7.9. A second
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of tHENGAk¥n] %@V&@c@cmyﬁé - ANGLGY ]_Séha%feuvuwko&réerhe and the
chromum - free Cu- Fe catalysts. Preferably, th
PH wahr onmiAfherf ceeltng Fee cxlaitysn, h@sbJaOWIatHr@CéPl’EGP +had formed.
The E@iu@§xﬁhp ﬁ£eéf§¥¥ét@n%agthQr&§t@bePf a0.4Q9@dr- @18ss, p2) to
at/at, preferably of . at/at, as thus best
sepajagylths dark Qﬁﬂ%ﬂlﬁ&éHFbwﬂa@FWVFp§ Qﬁ@?%ﬁ1§9§ﬁec?P%|P5ﬁ01pltate

was Wasied Wikheri@spasicnt PEoPLESeatet NVRALd ONKE! BiAS ﬁé%hlng, the
the use of a chromum- free catalyst according to

precifpiddépt "RhvETRIFRIFE? thet IidPogBRitd dhbicatat b (Re3E to 105
°C @CT@/ﬁhnllnﬁ at hiyaeﬁafr:s% gs% e(lliﬁ aﬂﬂlmaasttef $ofo °f:|at2y C/min), heat
cphol s, al cohol s an i al cohol s, respective
at SP iRE TG RRangtes oft S PEOTY. ST i@ PATEY oty btained
with ineongdesi el fors bfameheds . atair, at e6k @a,uBsat gt @dss Si.
fatty acid having one or nore carbons, esters of
al cohols with the above fatty acids, such as e.g.
Exam];cﬂ&p!‘Zai Qr@ﬁ@ti@&pbyld a:uaczhdon mgmbelaodactalbfauri c acid,
U GLE 2005 R LRl P AR B B o Lo BLRRIE i
Pfaltd mahd n@ae)eah'plles @044‘% ty st eamqmcal udle @appmqic solution was
es CARL , ic ester. : .
prepé?%d?%? %9%% Jfﬁg P 6%£§tg%€§% eg%hggéé%%réﬁﬁEa Aldrich) in
102. SsmsioéaammoesaerTo Gl eamplesstceﬁ 1 @dmpppesia (E-10, DSP) was added

1.00 mL 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
precursor was crushed to a powder. The catalyst composition was 20 g

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

Example 2B Preparation of a Cu-Zn-Co on magnesia catalyst

Copper and zinc citrate solutions were prepared as in Example 2A.
A third solution was prepared by dissolving 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, and
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

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



ester, and sebacic ester. The fatty acids or fatty
esters descri bed above may be hydrogenated usi ng any
woeeastoress7 met hod, such as e.g. a suspensi on r eaCcTiNeR004/000051

net hod, a fixed bed reacti dd nethod or a fluidised bed

reacti on nethod. A solvent can be used for the

reaction t i.n u [ ti .S
pOWde6re eraﬁ?leﬁﬁrfggg ﬁ%% t g %E én%é EﬁunEQ%Véﬁ? FatalYSt
with a g@ruemm.ms Osed#aa satuemﬁ,3mhr@hﬂﬂoes not exert an

adverse effect on the reaction such as al cohol,

di oxane and hydrocarbon, is selected. The reaction
Examptlerr@r%rtapraestiame afenefatiy-dononpheagrmsge gftaEt 300 C

re e e [ r.an f
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amounfye @ﬁrrqzﬁmlq Beigt rancdedhehT tBie AIG 1P Eol g edbarfpirésh 30% ammonia,

were %‘eﬁgréﬁ €55 NgOO- W% gMe ANt bQpld M t fhe Sé%@r?)@_eogft hey magnesia
present invention. Exanple 1 Preparation

(E-10gn D§P) i #ascatdeysd- 70 il stf sidteutGiorsadasiprepar & %W “f the 7n

solut9basohyd Ng. BO. Qud FORREr chi teBAte dnl i R¥EEat @hich the slurry was
Sigma- Al drich) and 43.5 g citric aci d nonohydr at e

stlrree‘,.g fre- DI IriERFer n Hio W UESH R helther. SFREISH iilonC or 12 b

and dﬁﬂélﬁeQHan4@bout G0, whi.chriwasiypceraseded gy spHplebiirsor was
addi ng smal ] anounts of 30% ammoni a Sl ma- Aldrlcg)éJd
crushgeho e SBIL | ORE heartF o5 ned R I oONat et ad HEdEg PoPer 100
g catabtat nwi2b0 antused utn @r. céd seeaendasd uiﬁ czra 1Wasoqar epar ed
in asimlar fashion using 50.0 g iron nitrate
nonahydrate (Sigma-Aldrich) and 26.0 g citric acid
Exampl@ndhyairaridn @fsaanEnaﬁlklgcshiécﬁn@A@snsiI 300
3%%)s%a was  added 3.97 nlL .0 EU solut i on and % .
t he" @t§olalﬂ]t DG f‘iltrrav\ﬁ. csﬁ' FReVSE uFey m%repale as
Exampdti er.edof ar sf.ampelemorfutlesg Atreocabiar pywrzkas t(lhmiLOr@m @diathi) was
addedlzlo ?C EO tJ'Zche oql % r?d §t944§& %E ZZA'] SOlutlon, after
Firna Iy, %e Cat a §1 precursor was’ crushed 1
whichpd:vllzéerslu'ﬁim' otsal g/lsatrmedmfosr tiign WasuResg @ure Séulpler was then

arieatQQ 9o6atalyst W uh 3 QU 80: K8 at 450 °c for 2 h. Finally, the

catalyst precursor was crushed to a powder. The catalyst composition

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

A copper citrate solution was prepared as in Example 2. A second
solution was prepared by dissolving 50.3 g i1ron citrate dihydrate
(Sigma-Aldrich) in 102.3 g 30% ammonia. A third solution was prepared
by dissolving 10.5 g cobalt citrate (STREM) in 104.1 g 30% ammonia. To
a sample of 1 g titania powder (P25, Degussa) was added 1.51 mL of the
Cu solution, 0.94 mlL of the Zn solution, and 0.142 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 at 450 °C for 2
h. Finally, the catalyst precursor was crushed to a powder. The
catalyst composition was 20 g Cu-Fe-Co per 100 g catalyst with a Cu to
Fe to Co at/at ratio of 3:1:0.4.
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at/at ratio of 3:1. Conparative exanple | A Preparation

of a Cu- Fe on silica catalyst A first solution was
wonepared7 by di ssolving 50.0 g copper nitrate PCT/NL2004/000051

trihydrate in water to obtaién 250 nL solution. A

second sol ution was prepared by dissolving 50.0 g iron

ExamBiL% réﬁ ePl%%ﬂ?Q¥95r§to% i?nCM\BZt.rﬁ—rNit 8?%%ﬂe%1g59${gi%st and
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magn@@§a a@@qbt%gﬂyewggugd@@al ryqd mzl BET ¥hal c@ 5@!&1% 00263 m1 of
/min. After reachi recipitate had

n
the fZBr Febl t i c R dal - Waéf&eeefmt% %tS@rluENrtreraf&ﬁw vl e the slurry

was @ti132000f01) and Gahetsal i Bk (A dkrat wégotkqgn Jdrded at 120 °C for
catal yst precursor was obtained wth a conposition

f
12 meng cilopBepert 1680 g catdl yotPwitiadley SPgatalugt precursor
was &aﬁs@e@fto’% alpo(sagparmd atexgsplembBs Brepakaki o0 Pfcidzn-Ni per

on sil ca catal yst A catalyst was prepared in

100 G2 G bty < oS des i Hod'h A hpAat: b6 Brdipfe

| A, except that a 0.2 Mamonia sol ution was used for
exanpl e 2
¥ ataly

ofa USaBaJlj&#t 49&5 bleek&ied 1919a2bog@uél r’csi ]S}Cﬂm.ﬁlleorﬁANaSexcept that
ercgrle_gﬁ{l%\sgsl? ecglt Zzoalt \él 8 ﬁgh?q GiéISES ol\éﬁaﬁ,%rzgrx}vas 20 g Cu-
Zn-Nwaseradddd.g Theahgdh tiidh @ananﬁnat@hthEdathEWQQIoﬂrB 1:0.4.

of the solution fromorange to |ight orange -brown,

and the pHincreased from<1l to 7.9. A secondsol ution
Exanphs prigeapeedthyn dissolCui Fer P 50 giBaca getpdvyst 102. 84

9 it rateorand, .67 9 nLhhahecidy 26p .4, faat et tﬁ‘

cfggT %Fue go utpgﬁ masro ta?ned %ﬁ?%h was heat é equimolar
amougs 0¢f . citgicchipsidol and éﬁemSp%oﬁﬁﬂéaSEe@sthpéﬁf 7aW11U%30 ammonia,
weresb!ré]iggrectplaé Lyedex i A AD . rxah@iB IAIﬂ{és%h)solI{]foncse%Qg mixed in

ution was added to the sol ution through
amouppnEP pPhRtabod @ 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 atomic ratio of 3:1, and 0.1 %at/at Ni relative to Cu and Fe. The
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

air.

Example 7 Preparation of a Cu-Zn on silica catalyst

Solutions (0.3 g salt/mlL 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 solution of which 2.5
ml, was impregnated on 1 g silica (PQ, CS 2050) to obtain a £final
catalyst composition of 27.8 %wt of total metal loading, with a Cu to

Zn atomic ratio of 3:1. The impregnated support was homogenized and the



m nut es, upon which the Cr solution turned dark green.
After adding all of the solution, the Cr- Cu-Mi- Ba
weabestoress7r emai ned dark green, and the pH was PCT/NAR6&000051
cooling the solution, a bravin precipitate had forned.
The solution + precipitate was poured over a filter
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h ), cool) . A dark brown catal yst precursor was

obtained 5 with a conposition of 38.5% Cu, 28.3%Cr,
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was siamppre 69T 15y haynesra- (e 1~°durDSP)*’a§va’§h%rddﬂéde§ ed ﬁﬁo °C for

12 h @hdt 881 &hesolldt boH andok. 87n Mo Lbhg1 At SRLBLEOY was crushed
after which the slurry was stirred for five m nutes.

to a PREASY uriip WwaSatheh YimPedlktom 2195080 f reurEnhPaRglo0 g catalyst
with gatgifedinat a430t 0GHier o2 1. Finally, the catalyst 5
precursor was crushed to a powder. The catal yst
conposition was 20 g Cu- Zn per 100 g catalyst with a
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solut\gggiﬁg oL @ f%@fel}qp solytig %er whi ¢ch_the, sl.urr
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he cat st conposition was
Cu tOp@a 1Ry ag4eal %‘qlo of 3:1:0.004.

Example 8B Preparation of a Cu-Zn-Ru on silica catalyst

A catalyst was prepared analogous to Example 8A, except that the
catalyst precursor powder was impregnated with a solution of ruthenium
nitrosyl (13.0% Ru, Chempur). The catalyst composition was 20 g Cu-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 8a, except that the
catalyst precursor powder was impregnated with a solution of palladium
nitrate (40.5% Pd, Chempur). The catalyst composition was 20 g Cu-Zn-Pd
per 100 g catalyst with a Cu to Zn to Pd at/at ratio of 3:1:0.004.



with a Cuto Zn to Co at/at ratio of 3:1:0.04. Exanple
2C Preparation of a Cu- Zn- Co on nmgnesi a catal yst
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adj usted to pH 7 with 30% anmoni a, were prepared as
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inally, the ca st precursor was crushed
suffiggent p%f%l’é?lon?ﬁewéé?%l%tr OBFiP IR W tResy Qe Aet powder

was d@ﬁi.redloept gie@t abysorWid hp asky fc@lgfhécﬁtéQ @603°&. for 2 h. The
anpl e 4 Preparation of a Cu- Fe- on titania

Catalﬁﬁ? aPYRROSA teQPpERS cF 1 rat @ <aIr Bt i BRF v@a@ or SphrEPtadith a Cu to

zn toExanpt a2 rathoS€cond :9Qbot j on was prepared by
di ssolving 50.3 g iron citrate di hydrate
(Sigma-Aldrich) in 102.3 g 30% ammonia. A third
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Example 9A Preparation of a Cu-Zn-Rh on zirconia catalyst

A catalyst was prepared analogous to Example 8A. Instead of
silica, =zirconia powder was used (NNC100, Daiichi). The catalyst
composition was 20 g Cu-Zn-Rh per 100 g catalyst with a Cu to Zn to Rh
at/at ratio of 1:1:0.004.

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

A Cu-Zn catalyst precursor was prepared analogous to Example 8D.
Instead of silica, =zirconia powder was used (NNC100, Daiichi). The Ru
was added analogous to Example 8B. The catalyst composition was 20 g
Cu-zZn-Ru per 100 g catalyst with a Cu to Zn to Ru at/at ratio of
3:1:0.004.



h . Finally, the catal yst precursor was crushed to a
powder. The catal yst conposition was 20 g Cu- Fe- Co
wpe00sho3g catalyst with a Cu to Fe to Co at/ arPCTAL2a4/000051

of 3:1:0.4. Exanpl e 5A Prepawation of a Cu-Zn -Ni on

magnesi a catal yst Copper citrate and zinc citrate

solutions were prepared as in Exanple 2 . Athird

sol uti on was prepared by dissolving 10.1 g nicke
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at/atFrapld pf flhé: @a@Qﬂ yst precursor was crushed to a
powder. The catal yst conposition was 20 g Cu- Zn-Ni
per 100 g catalyst with a Cu to Zn to Ni at/at ratio
he 9 RT3 0A ] D § a =
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. e 6 Preparation of a Cu- Fe- N on

at/atsFFPc"a Odcatlapygt r@m utions of copper, iron, and nickel

nitrates, with equinolar anounts of citric acid, and

ther r H adJ usted to %H 7 vvlth SO%anm)nra wer e

hardd = aL¥3k uti ons

wercmmnxeﬁtamyatmplfﬁcﬁlﬂs@robhal pr@panad Reahbgs@d Utd Gxample 8D.

|ch11rerva5| nat ed on G
Tastefl, PRofit fin CREr S BYS0T; 147 OBl A7 101 ndft) . The catalyst
compo€at hbry sta<ohPO§i t1-6Th qﬁeﬂ.Oltﬁ) Ot cafaltyet alvitet al cu to zZn at/at
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%@t/at"'Ni relative to Cu and Fe. The i mpr egnat ed
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> A heduaf, 320 AG

QM Cdainowagaﬂysa pgﬁqﬂpp@t was prepared analogous to Example 8D.

Instead of silica, magnesia powder was used (E-10, DSP). The Rh was
added analogous to Example BA. The catalyst composition was 20 g Cu-Zn-

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

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

A catalyst was prepared analogous to Example 8B. Instead of
silica, magnesia powder was used (E-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
of 3:1:0.004.

Example 10C Preparation of a Cu-Zn-Pd on magnesia catalyst

A catalyst was prepared analogous to Example 8C. Instead of
silica, magnesia powder was used (E-10, DSP). The catalyst composition
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.



Solutions (0.3 g salt/nL solution) of copper and zinc
nitrates, wth equinolar anmounts of citric acid, and
woOheisro7gsr adj usted to pH 7 with 30% anmoni a, WeCE/NL2004/000051
prepared as described in BEXanple 1 . The sol utions
were mxed in anounts to obtain a Cu- Zn solution of
which 2.5 nL was inpregnated on 1 g silica (PQ CS
2050) to obtain a final catalyst conposition of 27.8
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Exanpl e 8A Preparation of a Cu- Zn- Rh on silica

Example £ ,'i;g pacr)?dPt) on silica
catagg[ |§ared by d| ssol Vi ng 0.1 g of a rhodi um nltrate

sQl (14 7% Rh ur rer, g - .
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Pt) @@ftﬁo X heatdflvstcatidhy st Coorpodiet ton (Ras RO, gPCu-oZrkt) at/at
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e lratlo of 3:71:0.004. Exanple 8B Preparation of a Cu-

Zn- Ru on SI lica catal yst
Examples 12 Preparation of a Cu-Fe on silica catalyst

A catalyst was 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 per 100 g catalyst with a Cu
to Fe at/at ratio of 1:1.

Examples 12A - 12D Preparation of Cu-Fe-(Rh, Ru, Pd, or Pt) on silica

catalysts

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.



A catal yst was prepared anal ogous to Exanple 8A,
except that the catal yst precursor powder was
wonprsagesasred with a sol ution of rutheni um nitr®6YINL2004/000051

(13.0% Ru, Chenpur). The caflal yst conposition was 20 g

Cu- Zn- Ru per 100 g catalyst with a Cu to Zn to Ru

at/at ratio of 3:1:0.004. Exanple 8C Preparation of a

Cu- Zn- Pd on silica catalyst A catal yst was prepared
Examphal iy oasal ps Exargilieg8hroexbept that the cat aI yst

recursor ovvde i mp nated with a oI ut.i.on of
A cal% ﬁ/aél Wiika etra e(Y\BZ}O %}aﬁg 3%9”? ‘T’ e ca1i qu described in
Exampbﬁﬁmosll—tlm)n WYEEs Zedgceﬁi@l uBider Pch paydiffery cadal yor 2 h at a
' et nto Pd.at/at, rakiao 04.
temp%%gg?%pacgat %oﬁ ofea h-g Ztﬁe-duﬁtg&oncagﬁall?cé 8’5 al %ﬁ%@@i@ed to a
reacBot rNIDMIspOn8eq Haldy ml mothitl daprefe cotrmerreanultza mgxture was
: r h r [ c [ d
s R e e ST o YR 08, sob a2 Moy s R4 1 After
coolpn@paﬁrk@d r@§cae@@rmb@dlr|enwaamﬂl@sw Fo GCsdipl eewflts gf the GC
anal%}é%ﬁ:é@%@é&'1§%bl@§gﬁ§a) was added 3.77 nL of the
solution and 1.55 nL of the Zn solution, after
which the slurry was stirred for five mnutes. The
slurry was then dried at 120 OC for 12 h and cal ci ned
at 450 OC for 2 h . The catal yst precursor was crushed
to a powder. A third solution was prepared by
di ssolving 0.1 g of a platinumnitrate solution (58.2%
Pt, Chenpur) in 10 nL water. The Cu- Zn on silica
catal yst precursor was inpregnated with 0.139 nL Pt
solution and sufficient additional water to reach
i nci pi ent wetness. The wet powder was dried at 120 OC
for 2 h and calcined at 450 OC for 2 h . The catal yst
conposition was 20 g Cu- Zn- Pt per 100 g catal yst
with a Cuto Zn to Pt at/at ratio of 3:1:0.004.
Exanple 9 Preparation of a Cu- Zn on zirconia catal yst
A catal yst was prepared anal ogous to Exanple 8.
Instead of silica, zirconia powder was used (NNC OO,
Daiichi) . The catalyst conposition was 20 g Cu- Zn
per 100 g catalyst with a Cu to Zn at/at ratio of 1:1.
Exanpl e 9A Preparation of a Cu- Zn- Rh on zirconia
cat al yst




(promoted) Cu—-(Fe or Zn) catalysts

Test results of

Table 1

A catal yst was prepared anal ogous to Exanple 8A.
Instead of silica, zirconia powder was used (NNC OO,
woa0isohop7. The catal yst conposition was 20 g ©a1/NIR604/000051
Rh per 100 g catalyst with2a Cu to Zn to Rh at/at
ratio of 1:1:0.004. Exanple 9B Preparation of a Cu-
Zn- Ru on zirconia catalyst A Cu- Zn catal yst
precursor was prepared anal ogous to Exanpl e 8D.
Instead of silica, zirconia powder was used (N
Daiichi) . The Ru was added anal ogous to Exanpl
The catal yst conposition was 20 g Cu- Zn- Ruspe
catalyst with a Cuto Zn to Ru at/at ratio OE B
3:1: 0. 004. Exanpl e 9C Preparation of a Cu- Zn-' P& on
zirconia catal yst A catal yst was prepared anal ogbas' t o
Exanpl e 8C. Instead of silica, zirconia powd& was 3
o~ .
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Test results of unpromoted and noble metal promoted Cu-7Zn catalysts

Table 2

Rh per 100 g catalyst with a Cu to Zn to Rh at/at
ratio of 1:1:0.004. Exanple I B Preparation of a Cu-
wa@neosRaoBn nagnesi a catal yst A catal yst was pregamadoo4/000051
anal ogous to Exanple 8B. Imnstead of silica, nmagnesia
powder was used (E- 10, DSP) . The catal yst
conposition was 20 g Cu- Zn- Ru per 100 g catal yst
with a Cuto Zn to Ru at/at ratio of 3:1:0.004.
Exanpl e 1 QC Preparation of a Cu- Zn- Pd on nmagnesi a
catal yst A catal yst was prepared anal ogous to Exanpl e
8C. Instead of silica, magnesia powder was used (E-
10, DSP) . The catal yst conposition 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. Exanple | Q@ Preparation of a Cu-
Zn- Pt on magnesia catal yst A catal yst was prepared
anal ogous to Exanple 8D. Instead of silica, nagnhesia
powder was used (E- 1O, DSP) . The catal yst
conposition was 20 g Cu- Zn- Pt per 100 g catal yst
wth a C to Zn to Pt at/at ratio o f 1:1:0.004.
Exanpl es 11 Preparation of Cu- Fe on silica catalyst A
cat al yst was prepared anal ogous to Exanple 8A, using a
Cu citrate sol utlon (as in Exanple 2) and an iron

ci tratersotutton H—xarphre—4)+—The cz*r Hyst
COnMpaLi {F oIS | Rejfe C2C°.g T |Fe geF 00<g|tatafyst with
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A catal yst was prepared anal ogous to Exanple 8D, using
a Cu nitrate solution and an iron nitrate solution (as

wage/o7es3Exanpl e 6). The catal yst conpositi onsP@EMNE2@@/000051

Test results of unpromoted and noble metal promoted Cu-Fe catalysts

Table 3

g Cu- Fe per 100 g catalyst2z4awith a Cu 't o Fe at/at
ratio of 1:1. Exanples 12A - 12D Preparation of Cu-
Fe- (Rh, Ru, Pd, or Pt) on silica catalysts Catal ysts
wer e prepared anal ogous to Exanple 8D, using a Cu
nitrate solution and an iron nitrate solution (as used
in Exanple 6). The catal yst conpositions 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. Exanpl e 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 tenperature of 350 OC . The
reduced catal yst was transferred to a reactor and
suspended in 25 nL nethyl laurate. The reaction

m xture was stirred at 750 rpm under 100 bar hydrogen
and at 250 C for 4 h . After cooling, the reaction

m xture was anal ysed by GC. The results of the GC
anaIyS|s are listed in Tables 1- 3.Table 1 Test

1\ o

r esut of Gu.lugute Cu-1 (Fe o1 Zn) catal ysts K >
Test @)r@ 250/ DC; |TOQ: har |hydrogen, 4 h , 750
rpm, 25 | nr?hf? Palft 4T et f2d“MSt Al precursor ( PREC)
D e gretalonet ratle #o eguienpbge BRtiric acid + anmoni a
(p-_E?H o et @ |ei o abdd e 36%anmmoni a; C = net al
ni teat el Appriev]atLons [Hsjed|c CAT[&~|catalyst; M| =
wei%lﬁﬂ,ge<p.5 S T SHPOr|ts | .CONV|& |per cent conver si on
of |Daurilc et|Ry|™Y eStEt |V Ual ¢V 37 wunyl al cohol ; LL =
| alif yllo l|aurat|e; |Lae & llauei 6-gei g |DD = dodecane
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1. Method for the preparation of a chromum- free

catal yst conprising Cu and at | east one second netal
wonoosredsli c or oxidic form conprising the steps/Nak004/000051

a) preparing a final soluti2sn conprising ions of Cu

and of at |east one second netal, said final solution

additionally conprisingd gng ofy & conpl exi ng agent and

having a pH of above 5; b ) contacting said final

solution with inert carrier to forma final

solution/carrier conbination; c) optionally, drying

the final solution/carrier conbination; cal ci ni ng

d) o
1. MeRBofj fiaf Wt (RTBAFEALPT €T CorftioTBE FBR HiRt SakadyFh comprising

cet &) a®r 163st Ootkels@cCHdandthhe iat 2ast10N8rS@XQALc form,
nmetal (n oxidic for and e) reducing at |east part of
CORMBTEALRI JteaithEBS oXfdic Cu on the carrier. 2. Method

accor dj nrdparchai m (insl epoByticanpbinsingidh& osseprotu and of
preparin saj'od ftinal solution, by conbining at | east a ,
first séituti o Tompr?si ngSront ofe'dtwi t3at | g Solution
second salditionatopprosprigingnsicak atf |easdimpireisgcagdnt and
net al . 31-1 Met hod ace r%iogfg %Q claim 2, wherein the

first and s&doAd™sol utions Bbth conprise ions of the

conpl exiargrtagentgi srial diimelasobonicential i omertd caMetdrodo form
accor di . n cl al r.3,... rein both the

first sg]glﬁl?lg% é(r)}g&%]hoeﬁscggg%%Pscoﬂ%ﬁtl}égﬁl%%ve a pH of

abovech optBonkkinod acbordong tihel ai Midal wheseilntidre/carrier
first a nd solution have a simlar pH 6.

Met hod g%é%???ﬁg&?b any of the preceding clains,

wher eflh aadicdning the final solution/carrier combination obtained

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.

. Method according to claim 1, step a) comprising the step of

preparing said final solution by combining at least a first
solution comprising ilons of Cu with at least a second solution

comprising lons of at least one second metal.

Method according to claim 2, wherein the first and second
solutions both comprise ions of the complexing agent in a similar

concentration.

Method according to any of claims 2 or 3, wherein both the first

solution and the second solution have a pH of above 5.

. Method according to claim 4, wherein the first and the second

solution have a similar pH.

. Method according to any of the preceding claims, wherein said

chromium-free catalyst further comprises at least one third metal.
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chromum - free catalyst further conprises at |east
one third netal.7 . Method according to any of the

wonresadissg cl ai ns, wherein the pH of the final pPeDiNLR00@00051

7.

lO.

11.

12.

13.

14.

is above 6 . 8. Method accaeding to any of the

precedi ng cl ains, wherein the concentration of Cu ions
Nethdre abcpatlimpltet rop ¢6 the phecedinge dfkifls 0dhere®n3the pH of
R &RLGT L AR %,01 0,005 0. 15 0 QufnL. 9. Method

according to any of ? e preceding clains, wherein the

amount of Cu ions in the final solution is such that a

. D@é’% dysi?é&ﬁmgalwd%fmrf' Sﬁr{ég %‘reée 1elgab?lr5qg31§ wiléerein the

prefera 10 to and nost pre
@@mcaaﬁraleom@@%dala@m@rdnngheoﬁany @bluheomhﬁned|hgp range of
¢l Gy SUNREEL I 112 GONE MK b8, Of s | the

coaneX|ng agent in the final solutio |s |n t he range
of 0.001-1.5, nore preferably of 0.15- 0.5 g/ni.

. MRt hpdeacaendi g Layany ofnd hﬁr@é&ﬁ%@_}' ncglaqlrngl m%v'hereln the

wherein the amount of 1ons of the conpléxi ng agéent In
TG REI C8ol Ut dR thestitRk ﬁaﬂuth@l ol gHchathad of catalyst is

s®iaainelo c%ﬂﬁ@h@i(ﬁd‘glﬂgﬁr%wﬂ S roet lﬂ)@e&@?%yﬁl@ t]o tSQ) Swt, and
nore preferably O . and nost preferably 0

IT“?Sprffeﬁé?ﬁ%d“%ccanF%b‘%b any of the precedlng
clalns wherein the concentration of ions of the at
éﬁﬁ? one second netal in the final solution.is in_the

oFCHBHLI- B 327Br &fertfl yPYFFIHET afigévss @hepsin the
eorﬂ:ebftrgtlﬂbn ¥ Mebhed o&CCQhQI N@nbleyg Ofagkhe 1n the final
$ edin clauﬂgg mherelﬂ E@l ?D nt of ions of th

O6n&®se FEPEP 7 T8 F @ﬁﬁeuPFﬁFFﬁﬁ?lgueﬁ %.15-0.5
gkmu.catalyst is obtained with an atomic ratio of Cu
to the at | east one second netal in the range of 0.01-

10, nore preferably in the range of 0.1- 5, and npbst
Mertdfogr abtgoridingheta apge off Ot Bréceding claims, wherein the

amount of ions of the complexing agent in the final solution is
such that the molar ratio of metal to complexing agent is in the
range of 0.1 to 5, more preferably 0.5 to 2, and most preferably
0.75-1.25.

Method according to any of the preceding claims, wherein the
concentration of ions of the at least one second metal in the
final solution is in the range of 0.001-0.3, preferably in the
range of 0.005-0.15 g/mL.

Method according 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 atomic ratio of
Cu to the at least one second metal in the range of 0.01-10, more
preferably in the range of 0.1-5, and most preferably in the range
of 0.3-3.0.

Method according to any of the claims 6-13, wherein the

concentration of ions of the at least one third metal in the final
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14. Met hod according to any of the clains 6- 13,
wherein the concentration of ions of the at | east one

wohbesdh7estral in the finalsolution is in the rargeNaR004/000051

0. 0001- 0.03, preferably ir7the range of 0.0005 -

0.015 g/nL. 15. Method according to any of the clains
éi)lu]c‘lonv"tﬂgr ehnchber e Q. Obe @tOSJ e ﬁ?b]!#’”lrnd the range
netal I's such that catalyst is obtalne atomc
?%atd-§08P-P Hel t9/méast one third metal to cu in the

range of 0.001 - 0.05, nore preferably in the range of

0.001 - 0.01. 16. Method according to any of the

15 YRt&osdPRGOET M eampPEsthy driaddpribnahesedp e ofmount of

le6

17

18.

19.

20.

21.

22.

23.

e ver i sd g the obtainedgat @lsy%hchlzh%t poeh BEGOrd Nhtained
to_any of the recedlnggclalns wherein the at | east

B $BcahamhetEatics ofhsen?t rieRstnener thigidemgEafeto Ay in the

fngNos 0Oroeu-aomsi, nabie&pAdrereniy ik8.cNet had,aeeondbdg-o.01.
to any of the precedlng cl aims, wherein the at | east

one third netal is chosen fron1one or nore of Pd, Ru,

MRt hoh, adHoralﬁ@ﬂbbn&hiyorbeftHeV\@x@ceHDﬁ@ thereof .comprising an

th ' t A d | ai s,
S PR na Gt Star it B hedhe oS R RO A AT

silica, silica - alumna, titania, nagnesia, zirconia,

xi de, .or a conbi i on_t hereof
Jggggrgﬁﬁﬁo g yg%fa?%e g % %d??ﬁf%ﬁlﬁgnﬁgaﬁﬁﬁréﬁWrFHE the at

levertt qmarseeondsmgﬂaisamtchnsam aBmurheobrOmoBd dftEe, Zn, Co,
%rpreg%&a%L M ;abouyt B¢ 0s- 90 %, nost preferably 70-

rom umy ree catalyst conprising Cu and
at | east one second netal obtainable by a nmethod

D@é@éﬁddla%%ot:e%%ytgf a1t1 Prgt‘fee%%ag:e(c‘il gn%italrr%s where.l the at

romium- free cata yst acc arm’21,
teasdl yoe G@ﬁﬁdl@ﬁﬁ@@atsl@hﬂﬁEHSfWQM Que and twand g aw, Ru, Pt,

1@1' or@rc al é%ﬂt&.rgtl% B@ H&? o@t mh?@séhe%gfsecond netal of

Chromum - free Cu- Zn catalyst support ed
on S|I|ca, zirconia, or magnesia, conprising 5- 50

M@¥hodPEEESF @Y +10an3 00 F0ne( Bf'eé'ecé@])g 808inms, wherein the inert

carrier is chosen from alumina, silica, silica-alumina, titania,

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

Method according to any of the preceding claims, wherein the inert
carrier is present in an amount of 0-95 %wt, more preferably about

50-90 %wt, most preferably 70-85 %wt.

Chromium-free catalyst comprising Cu and at least one second metal

obtainable by a method according to any of the preceding claims.

Chromium-free catalyst according to «claim 21, said catalyst
comprising at least 5 %wt Cu and having an atomic ratio of Cu to

the at least one second metal of 0.1-10.

Chromium-free Cu-Zn catalyst supported on silica, =zirconia, or
magnesia, comprising 5-50 %wt, preferably 10-30 %wt (Cu + Zn) 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.
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24,

25

26

27

28

29

30.

31

having a Cu to Zn ratio of 0.1- 10 at/at, preferably
0.5- 5 at/at, nore preferably 1- 4 at/at.24 .Chrom um

we 2005@e0Ba- Zn cat al yst according to cl ai m 23, pCumNLRer/000051
conprising as at |east one 28econd netal Co or NI, or a
conmbi nation thereof. 25 .Chromum- free Cu- Zn

chabal st Recoeding tééﬁ%@ys@f £ RARBNng3 & %ﬁalﬁuriﬁﬁr further
conprising at |east one third netal chosen_ from Rh

CREPT P EhFSPRE bPaRloMienSEFOMS THitatniOofT e OF hdr egiination
tBBre&hromum - free Cu- Zn catal yst according to claim

25 having a ratio of (Cu + Zn) to the at |east one

third netal of 0.0001- 0.5 at/at, preferably of 0.001-
.COrOhi @t/ Atee 24— Zﬁhé&ﬂﬁﬂyﬁt aé&éﬁﬂﬂﬁg—tEeaﬁiﬂdﬂ y&blms 23 or 24,

supported on si zi r.coni or nesi ng
N S RE S A D T Sl TR S
aQd Po, Fer ratibdnetifnd -ofl @wat satnorpr ¢heradfy 0.5- 5

at/at, nore preferably 1- 4 at/at. 28 .Chromum- free

Cu- Fe catal yst according to claim 23, further
-Coonpistfipeasuatinl eatilorte asecodthgret@lcl@dmolS Nnavigrg & ratio

o%OQEFthQQP E$§$§P%t 295 s QMMM 5 % Q%ZOFEBP%heP at/at,

yst accor to any of clailns
p@eﬁpra@lmg”bﬂ’@éés@ Ghetyhtrd netal chosen from Rh,
Ru, Pd and Pt, or conbinations of two or nore thereof
30 . Chromum free Cu- Fe catalyst according to claim
-C@somww@ref raeTRR ofafadysF Fepregtefie oat iddspr orfdreonia, or

mthég1£EtéﬂmﬁgasQn90@15Oc%ﬁi abhaterap £h@r-abl ¥wof (cu + re) and
- 0.01 at/at. 31.Use of chrom um - free catalyst

héé’&B?diinﬁutBOaW BIEq @fmd -211030% 3 myeferably 0:5-5 at/at,

mby-dr pgeretdrar, af-4f attar acids, fatty esters, esters and
diesters to fatty al cohols, alcohols and dialcohols,
respectively.

.Chromium—-free Cu-Fe catalyst according to claim 23, further

comprising as at least one second metal Co or Ni, or a combination

thereof.

.Chromium-free Cu-Fe catalyst according to any of claims 23 or 24,
further comprising at least one third metal chosen from Rh, Ru, Pd

and Pt, or combinations of two or more thereof.

Chromium-free Cu-Fe catalyst according to claim 25 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.

.Use of chromium-free catalyst according to any of claims 21~30 for
the hydrogenation of fatty acids, £fatty esters, esters and

diesters to fatty alcohols, alcohols and dialcohols, respectively.



