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(54) Title: CHROMIUM-FREE CATALYSTS OF METALIC CU AND AT LEAST ONE SECOND METAL

/070537 A1 | KR A0

lﬂ (57) Abstract: Described is a method for the preparation of a chromium-free catalyst comprising Cu and at least one second metal

&= in metallic or oxidic form, comprising the steps of a) preparing a final solution comprising ions of Cu and of at least one second

& metal, said final solution additionally comprising ions of a complexing agent and having a pH of above 5; b) contacting said final
solution with inert carrier to form a final solution/carrier combination; c) optionally, drying the final solution/carrier combination;
d) calcining the final selution/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. Further, a catalyst obtainable by the said method as
well as uses thereof are described.



(54) Title: C-1ROM UM FREE CATALYSTS OF METALI C CU AND AT LEAST ONE SECOND
WMH ' AL C (57) Abstract: Described is a nethod for the preparation of a

chr om um Wwoeesaabakyst conprising Cu and at | east one ﬁ@ggﬁ%om%@l in
metallic or oxidic form conprising the steps of a) preparing a ftinal

solution conprising ions of Cu and of at |east one second C netal, said
final solution additionally conprising ions of a conpl exing agent and havi ng
a pH of above 5; b) contacting said final | solution with inert carrier to
forma f1nabusehi hoR/ CARLIGS CATBRAALIOD A&) APLEARL srdlif il he T nal
solution/carrier conbination, d) calcining the final SoP Ut onl Carri er

conbi nation obtained in step ¢c) or d) to yield Cu and the at | east one
second nmetal in oxidic form and e) reducing at |east part of the thus
obt ai ned oxidic Cu on the carrier. Further, a catal yst obtainable by the

sai d met hod d5e mwslsknfsinzesithardetenrte destihpbetior \WDe2005/a0ZVE8Y of

PCT/ NL2Q@4/0000%1 o CHRAV, UM & Ei%EAlleXSJI% Qe NEJﬁ-lohg %ch%’éi%é%ﬂ—%g ONE

SECOND METAL The present “invention relates to a netho r the preparation
of a RPOM T rarddéat AP Yyt acSAPRItngP i naRde aby | et msRbodadhdhgetal in

netal Lige @ QXidi GadQrlt 2ofatidl Yohir otk Dab! & By asHgbdBEhed. anghdihe use
of said catalyst for the hydrogenation or hydrogenol ysis of fatty 5 acids

y
and f ASedferidtty PRERRS FOc oA 2RV chEPd eQthTs SEFC T -BsreStH§ t hei r
cor r espordeng @irgohediiingoppeholoNt ai ni ng catal ysts are well known catal ysts

for the hydrogenation/hydrogenolysis of fatfty acids and fatty esters to
fatty al co(%’(?lp T ﬁgpg?/l%%@oh%ﬂ%ggﬁ%@es udeY 5%&% n %?"I’PedF%’fag‘éfsgﬁr Phe PPoduct i on
10 of surbgetanibs/hypdapsnahykibase abtisy aridsaddit faesy feareksibrd coattty. Pal m
oil an | m k V.. f-or exanpl e, .are.co nlLy_used as starti.n

mat er 1 DRI TRy, Shbondid BE L o P PP e ROTS Fwdy o Udter e
cordi teforsrareapspecieitsy andduaseedi¥or apeadditdodestican lobrivagher Belmphatic
al coholss. dry i RdHSLERAT Yoy aids@bbeanph , PLAGCSSARnIRY dsagenat kof i g carried
out at lterrr_?erggures of 20%1- é_OOOC, p?%%sdrgs o? %%p: 300 bar ang |g]’hg

H2/ sub%ttest @l doroshedraPrgtion ph& 1 sredehte adohekopper chrom um cat al yst .

Cu-Cr cat alpswkseBf € seibkentdohdt PRHEOMHES Ci@:?lle}éim sHgeesf Ukor Calnal ysts
enpl oyed for this _process. These catal ysts have adequate__20 hydrogenati on

act i viRyPHARE AdedbateIhesi sliphadito alRBRe LRt yInciBEUSFipheY r ¥Rt 185 i xt ur e.
lHOWEVGEIrf]nqcteBEéﬁ,_ Ggabysis ibaves th&ém&il quﬁdlaay\b@ﬁﬂfe'rath'tgﬁd@ﬂ I200a8@ Y&t s L hey

ose their activity. w i me . as .chrom um conpounds e toxic, they
need t% & hahd? dyoporﬁhgn%ﬁfl, a‘é‘ﬂ(r}”eg%gﬂéé‘iu shEafe o?amgﬁoﬁf’u%ﬁd’ &&tt?’les spent
in treatdsegtes econecomprt beromistiec&mlgatal yst. I n addition, since many palm
oi | deri V“v‘dcu%ﬁmc%glé%)éér&t eéﬁ?%&&&?ﬂ*}g‘s’&ea ééngrlékcéﬂa‘r’@' I caton, Lo, haygehol d

products (soaps, gent's, cosne etcC. um contam nation of
t he predudystst eepinvedul Eprhalte st orgeepmni Tigsed. 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 a great
deal of 1labour and cost is spent in treating/recovering the waste

25 catalyst. In addition, since many palm oil derived chemical
intermediates have a £inal application in household products (soaps,
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

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

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



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

t oxi ¢, angyoMuosbrosdse capabl e of perform ng under severgqg % WO
2005/ 070537 PCT/ NL2004/ 000051 2 i.e.p high tenperatures, %&es@h%? and/ or

H2/ substrate ratios, or, alter natlvely, are capabl e of perform ng the

Y 9P AL Lo0k INdE9RERoL Yol . L, COEgE a5, onver sl o el et VLY
been d&ln&impeﬂveu‘y thEeaTaIpablG.EOQ' p&rfotmiagqttaleysts (see e.g. US 5,475,159 and
5 2 e G e G R P Sl BRI
97/ 346879 yiGkaermidey, milhlesecitmuoritamesree Cu catal ysts have been 0 prepared
by co-pr eCIQéT}eq_‘rallo&l fmlwef:c%%t@uyéattaqgétfaé h89 &%ﬂt ellr?gadv\%r? t%@ ti on of a

solution containing the netal salts ona ha $ol’ution of
an i nett9-caurbercarelastpricetrser 88ch 4§§ 1% @ndAUS SEaIlﬁ%;lG@r) wee+Fel nert

carri egayRLALs O)des of A 405785'56734}511 Uéeé‘cid30@59)f dnfdecieaykiant sol ution or

slurry with an al kal'i ne aqueous 5 solution to obtain a Erem pitate of a
i xt ur EOHRIRERGI OHYdFB asd8st bre mekaHel$eeat ter Uﬁhf’c‘JrP%ﬂé prdciPitate is

washedoant ¢dii ethenkeht DyEdnbYe c@%bﬁim&ﬁtﬂ:@é\ cPeaes )18l Havd Besg chromumfree
Cu cat aI%?ts have the advantage _that i/ do not_conprise toxic Cr

sub%t aREERTreBe SorPYecRdRabE™m ofhene @aéﬁ BHh BRFTT SRR Sal ysts obt ai ned

| n thEpﬁéﬁarblﬂhJGn foar assdfirioh ncaaghinidy tae Iﬁeaia&cbawé,yopfh&@mp@rl son with
are not able to

t ts,, .th t th
w thot SHERE RAPSA o hyarsherheron s BaceF oo BRATE RGNS FESE fought ¢ hat
t he coe.pr @di paltat,i on g mertdrcambm:kmbbal cxedas aife Aredalsd, pami pitate at 5
differ ?&Ec 'é V@Jﬁ l{:":l‘ﬁ% %’%ﬁf&ﬁ@%ﬁht&% ??uéryotvﬂ:? %illslne a ue Q.lt have

interm xe an atom evel, to resul orma%l 1on of |nct nmet al
cl ust eﬁ@lta‘tlonhéo citaliyst pearfpidate Aol @&l wexinats vé rmt@pahmrw@mdﬁetchod for

chroni ypy dd.ee, B L Fhaky s }f:»i‘ésc:l.% %gwsi%dwaghel&saﬁd7&%@8?7@1%%9 Rt hod

conprises the preparation o a solution contailning metal salts as
above, caEm8td°R— he conpl exi ng agent citric acid is added, followed by

i npregnat i ORcf-a3RRBF, GAkse SHRBRI niREE e Q:Qtai)tst@aﬁa@vﬂhﬁUédifa‘n%h!j‘@' y been
found that upon i npregnation with a solution conprising ions of

COﬂpleﬁ??ﬁ]gaﬁgnqo qgalBP@Rﬂlﬁ?lEﬂflﬁa9¥rﬂfbﬁtances 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 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

0 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
5 pH above 5, catalysts were obtained having an improved activity or

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



5 pH above 5, catalysts were obtained having an inproved activity or
selectivity, or relatively high activity, selectivity, and yield at | ow WD
2005/ 0705 004/ 000051 3 tenperatures and pres i arison
with the @g)t%ﬁ/@thgggknOM in the art.; Therefore, it mgﬂgﬁigo?fg@? of the
present invention to prepare novel chromumfree Cu catalysts that had

i nproved activity or 5 selectivity, or preferably conbinations thereof. It
was al semgeragbjectandopredsmrps eisembnpawisoni ehtit ahprepalgssudnoeatial yst s t hat
wer e C%nggrec of catal ysing the hydrogenation under mlder conditions in
conpari’son wi'th conventional Cu-Cr catalysts. Thus, the invention rel ates
to a novel me¢treddréprit wesparepiatt af the gdreaectirimwennidr ¢e wadpalrgst

conpri si al o] ', ] tall.ic, or _oxidic form
conpri 2‘%’%1 gﬁé&&q%npgrég?é}a)cgggl sa%i ﬁga{ﬁ%‘?n%\‘ﬂrsgb’n%tau%ﬁvét 51 si ng ions of Cu
and5t heedgctiveapt conerstomdynesdlinatbirng thewdofs ol utvasnabsidiamni ol dty

conpri si:ng, | ex] | o] 5 = D)

cont actEnns e fle To6GIRE LOGABREL B08 DENLE Bihare ABHE, B

sol ut i eatzysingrthsomdnreddnenion undpri miaelkycordiiyionps tine céipralison with

sol uti . mhi.nat.i qn.,.d) calcining the final solution/carrier

conbi ngtgég%{tggﬁé} %%g@koé‘%ﬂna‘ig?%% c) or d) toyield Cu and the at | east one
second net &hugn tdri dncerfidom ralades) to eduwivaly methodaser peet poépatadiohus

obt gi n XL c. ri b t t ' ee Cu
cat gl y??sgt%rﬂ’lso% ta]ﬂrr%gdw@g’g%\o%/\g{frﬁrg%n Sl nfaggg% vlllatgr;s/t a(ﬂ% %EF%E:Ht %\%tg%/

parti cihar¢talilpc tdre oxhgdlr dgenat ¢amprasthchybieotews! 98i s of nethyl acetate and
ot her palm gjl i t aci { u IS Al to be
bound by  habry, HPHe T hauahrot Ha o re e er P e A1 €8 tnd's2¥, 29
important for keefsiasg &k wecard peledentsaid dinad sedutdieom sddutiasalsvich t hat
the metals are fuyl ¥y A48d gt za 1iG o hstin t al
clusters are fornedgbbgt %Iﬁdémc&g?'alo%sﬁ %gﬁé%%clgl? %%tsgﬂﬁhg%ggh? \%\IIPII:’I] the term
"at 3l east one secdWdenetal” is neant that in addition to Cu at |east one
second metah) i s prAthEethd Ralferidad 81 @A 1%AL witlPWRKEE  cdilrik? @l $R-ROsSI bl e

that the catal yst conprises two,
final solution/carrier combination;

c) optionally, dryving the final solution/carrier combination;
d) calcining the final solution/carrier ccmbination 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
‘5 showed promising activity and selectivity, particularly in the
hydrogenation and hydrogenolysis of methyl acetate and other palm o0il
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
0 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
15  catalyst; however, it is also possible that the catalyst comprises two,

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



three, four, etc. different netals in addition to the Cu. Preferably, WO
2005/ 070537 PCT/ NL2004/000051 7 In a preferred enbodi nment, step a)
conpri sesyphgsalgR7 of preparing said final solution ﬁ@igg at least a
first solution conprising ions of Cy with at |east a secon sop(gillon
conprising ions of at | east one second netal. Thus, the pH of the solutions
can be controlled separ atel% and grem pitation of the netals can be
avoi ded. 1t!% & P‘fﬁfeerréreiie‘?f"bcol‘?é SRiye SESR f)f FPERTLSRG EBR Gi@PsOF IPBASing e
conpat dice £iMi1 kolliEali bdrindsgher eeastisedirst doIubBalcohPatsing
preC|p1tat| n. of epar.ate _netal s on _conbi ning of the first and
second™® Pgttflbr‘fétg § dePPF st §6PD S(S’E ﬁ‘b@fpﬁgm?ﬁ’esdé‘ﬁeﬂg’?sr &h ahy'%gtsalt, and
ao comp)é excond ageal, Muweh dse @Hgof dihkr sclddiods @enﬂbadj:d:tsiﬁasehéd of the pHto
aboye al.ter nati.y p by dissol uti.on the salt of the
Cu %nds%%é:agg? PE% RYAE én%%ﬁlrg e{r;%eg?‘eggln )aéaB‘a% T Vet grrrr $tch as
amoni aref@rded i that et rsad;l achalstarr@nstecolhd tdvd upkbrio aaboven@mtiBlen wachy, said
second, e d.tr I t pne 5 second
ot ol FApHE S TR ErIRAET kPRl et B0 antSiBligBR o870 O PTG
aci d, aerkRragg ummntomurtshep%cp@bmws th@r fm'a\%/t aalt eegvaci vel y be prepared
by di S50 iH00. Afaihney SAl Lol {dRend) tee@Sipa AR SEEARY BN cand, f he

| exi ng agent, preferably in a basic solution such as ammonia, and, if
r eq i r 8P éai%taﬁ@ﬁt: ofugbhas pH %o CbtEovels. apRyadivssreriplodt tom, PH &gar dl ess

of theapsRP3L a4 Ql@ynEIMatlmryegg predBr&® pyoabs Sivditibh fbmxeS%lQngf
sol ution, regardl ess of the preparation nethod thereof, tgo obtain the final

sol uti BRE s aP%ﬁ&eagomﬂlﬁé‘lf‘? ragengn PRELERTRILYs OPUR | RATLSr BOREHBR THIe 25| n case
met alj ﬁﬁnﬁd’rﬁhg duﬁ:l, s eckdud rpdl £RANAs thatSOF Lﬁuﬁopg , td tabbSe P5 . EfSQﬁiﬂg:ltyEat thesg
are dissp|ve [ mmnl . Pre the first soJution and the secon
SOt ut 1 BAChaErond GRRF LB PBRe B ERE o AR A G SBHorE. ERE e AR rone
conaen‘sé@dridometaalnd foBIc&zetdhhﬁ the tHdsticegaf Gbo@ph@zaingblagenw tshchaassi m | ar
concentration”, ere t concent ration differs
at nost' by étﬁbc Pbr rfp iR e%éﬁreg%l %ngen%lsttobaéo e'fg’ét of %, nore

pref er abthnattlm)lsrt be byrepafradtior diSSOILWbpemzferthel talits ofir eferatetleadtat both the
first Ut i t eci pitation of
the uPE FRERIARIAE R cHe! QY D B e B B o b

avoi dedolytiopssyhs Bs SBunGAer 3y ‘E‘Llﬁalteq!lhéecfrl laglﬂuawné;e@én@es@ﬁu%q on have a
simyl acppfd WAL, Fars8id81hREoPHre88rd1RES! Hf USRUprddarasi AR aRknbhat the pH

di ff erence between
thereof, can be combined with any second sclution, regardless of the

preparation method thereof, to obtain the final solution, as long as

the first and second solution are compatible. In case metal citrate is

used to prepare the solutions, it is preferred that these are dissolved
:5 in ammonia.

Preferably, the first solution and the second sclution 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

i0  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
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



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 e romumfree catal yst further conpri t one
third m?gvpﬁ@é@%ﬁ?hl rd netal being ghosen from Pd, Ptls@lzﬂLbe4l'g’§%§Rh. The at

| east one third netal can be considered as pronoter netal. Said third netal
can be added to the final solution, or to the above first and second
sol ut i ¢Rs. fiFgitt #nk seaoncﬁu&@uhmrallscaﬁ mest briovideferably ehimodtsbiWUti on, that

preferably Ijrgfgpgm%t Lbl g, KHhsthe .0 above first and second sol ution,
preferably "both with regard to pH and concentration of ions of the

conpl exi ng AYets. eFpRALIENE | spigl ehrgnigg-frdearatplyathifbgthey gemmaisednpri ses

ions ofy¢t iy GOBRL XiRE ARG, sgucathﬂme%lm%%nkﬁééérﬁ&r% dalepd | 3t and
the second sol ution. MNoreover it is preferredthat e third solution has

a pPl oRndb¥ire TBe aindeast prnet Spivst yebapiganhae dopsifprechmst BramgéepH of the
first gpdasecond solutions. However, it is also possible that the cal cined
final solution/carrier conbination of step d) is inpregnated with a

sol ution cOAPFitEing BHelarah £espddifk tPhT‘I?‘Qj fHeehl soliSipBwed BY Wot her round

of ?0 cabed rﬂtrb@randmbaom& d@aﬁticﬁw arhithed] tabihe rhofieddle chinapr poration of
t he nobleére not ers. is.preferred that the pH of the final

sol uti &F°Fs %69 £6t%l§§ sci’]tut\%ﬁg' foahPrafatahter Fﬂ‘é%aé“(]:"ll?c"(}ﬁﬁ‘t Etes best

]gat al y%tbnglestoé}g:alsﬁgdnd Ismmam,t bﬁef{]drlagly &lsdwlt WOfh | e gREE PR fgd air{dd)m ﬁ
irst and ?5 secon nd_op third sol ution, I referred that
the pHSPCeRHHE %H’? st *88¢ chgd(%g %ﬁi?’&”%go?ﬁ??ton Tlhélsab’otvéstP ferredpreferred
t hat t hsacotieenhiad |mnuoior0¢ompf|ﬂseisnlmﬂw0fflﬂwé coﬁlplléb'&ixty”lagsml Ant He range of

0. 001-0. refera f Pr.ef er bl t he anount
of o e o B S S Rhg s g debeleSaL e ekt o
conpri sitngs lpre@edd timaretlpr eﬁercatsloyutikﬁ} 88s %vpH afidamsat S5prafder ably 15-25

ot Cu t e t ysS re_obtained using such
anoin Lot f I chal s HERELACRY, R By SE R PO St "t he
final =dhtidrmen preferably is in the range of 0.001-1.5 g/nmL, nore

prefer abl y (35,08 0515: 0.3 48/ e sMPS L rBECLA! Ay di1GigapUNt oOf Tons of the

conpl exi ng agent inthe final" solution is suc the nolar ratio of netal
to WO 2005t 070587r RETICRNPU/i00005 Btep d) is impregnated with a solution

comprising the at least one third metal, followed by ancther round of
10 calcination. This is particularly suitable for the incorporation of the
ncble metal promoters.

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

’5 second and optionally a third solution, it is preferred that the pH of
the first, second and third sclution is above 6.

Tt 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

30 such that a catalyst 1s obtained comprising 1-50 %wt, more preferably
10-30 %wi, 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

35  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



13 (Sigma-Aldrich) . Wen the solution had reached pH 7, water was added to
obtain 250 nL solution. A second solution was prepared in a simlar fashion
usi ng 50. @ogoewrosami trat e nonahydrate (Sigma-Al drich) pogNnedofooogsicitric
acid nonohydrate. To a sanple of 1 gisilica (Aerosil 300, 5 Degussa) was
added 3.97 nL of the Cu solution and 2.21 nL of the Fe solution, after

whi ch I : S I, fii ] . e, slurry s then_dried at
120°C { o Eo e oA a8 o ol Whdiba BTy el S8 s

pr ecur Sbkaia s ¢r pdhe¢lvblien .pdwdkacondheoluddbral y8¢ poegrosdt ilon awasm2Daxy Cu- Fe
per 10 Cat | thh ,a; t tiQ: 3k rativ

el 6 Ay Srihe o g1 e e Phe Sl R e R AR

pr epar &d BT HF s3BIV inRgoBpdrtg - cdpper swptatel irpohpdlace (Arumgtér 309 obtain
2505 ML ps@hd4fai) Oras AaS&EP N 030kt bentM@scy SALEPH ethdy Sl wengnoOp g iron
nitrate nonahydrate in water to obtain 250 nL solution. Aliquots of 3.97 niL
of the 3B SEut iFSRSANYREED 1they SHIFT¥h&age SOREF ol 1R% oft WherklnWtred AR

di | ut ediuwddyh wagt ehied aixabtiabf 126 ol £of B thhiahd s£ldibhe@nat Tosd Mics £50! pti on
was added F1 %&#)f s%ﬁ%ca tg wder (Aerosil 300). V\Hi | e stirring, an anmonia
sol uti 8n (“Z2TfotyL) “tas G g%setd PHETHECTE hif&s oftoaPhed Hour?y PAFIS v afB®of 0.2
mL/ m ncadiyert coepctiitngn awvgeH20f gOCu-Feppeci Tt at eabad;sftowied,a i ¢b was
vvas@ed gjghra\é@gegf 3Aflter drying (2 h at 120 C) and calcination (2 h at 450
0 a g {a yst precursor was obtained with a conposition of 20 g Cu-Fe per
100 g catalyst with a Cu to Fe at/at ratio of 3:1. 5 Conparative exanple 1B
E;ﬁgar Rbholk 0l v8 (Unb8e Ofh ik £AhrGBhalY St o ALR! Y8l PR I %;fda'g éh&
ammoni a sol &t forPtwaslusied wherrrdrarpd dey siicaelwmar 88cl i DrEoPReCONPaRaE| ve

exanpl @ -2, Ri:eRar ahi RRc&f @ GWtin BasarSisotat Al Sta (3R So1ukih Was
5,124,491, Henkel, 1992) A first solution was prepared by dissolving 48.25 ¢

Cr03 i RTop5 ey RMatErSsopRing WL reat &P tBHEOtE, PRRARYArePe g 1283894 akfoni a
was addgdain 256her adivtion. ofligiomniod ¢hangedot heveCeliosb1fiohhens el uti on

fromorange to |light orange-brown, and the pH.increased from<1l to 7.9. A
secondAPBObE FRISEY PRHREROUATDA0GEE s CLOPETa of Mad bt byt &PiByn

di ssol vengL2050a geiBadnisbL@tidn. 102084hs Gblution was added 1 g of silica
powder (Aercosil 300), While stirring, an ammonia solution (2 mol/L} was
¢ added to the thus obtained slurry at a rate of 0.2 mbh/min. After
reaching a pH of 9, a precipitate had formed, which was washed with
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.

5
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.
0

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

1 of US 5,124,491, Henkel, 1992)

A first solution was prepared by dissolving 48.25 g Cr0; in 265 g
water, which was heated to 60 °C. Next, 97 g 28-30% ammonia was added.
5 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



nitrate, and 8.67 g Mh-nitrate in 265 g water. A clear blue solution was
obt ai ned, which was heated to 60 C. To this solution was added 1.83 g of a
40% si | i coeMdsobdsddlox AS-40, Signa-Aldrich). The secongtpnsRbilobR) Was added
to the & solution through a funnel jsn about 20 m nutes, upon which the Cr
solution turned dark green. After adding all of the solution, the

Cr-Cu- M- Ba, sol ution remi dark_gree and the H was 7. After cool i ng
the soPGtioPn d’aﬁré\}f/ﬁpfﬁ%nlb‘f HSE Oh R &r'ﬁﬁd.g BprBisH R o 2+8hrecPpitat e
was poutedaioyerand Bl bt eg :(ngrrassaté??a)n tzcssogsepaéﬁt & tdieadabkugreamtsen ut i on
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dried @n@3cal efned4Qheatlicm 188 (Cufi@ GiIHdd) sSibeatrlalridBp. ChelZekdnd heat
to 500 i.n) a 5 LK atal yst
pr egur sség):rgﬁl/a(‘g{oarg addgs % %ﬁ ggcg°£%§:a%ll gﬁgg 9%8 5@“&? 2131 %&?8? E@ 4. 6% Ba,
3. 5% Mmingtsos Spon whigipkee XX Ppbtpa;oat t@ﬂnedf darlagrznnonAMnégilalgcaihl yst A
first gol hi ogblwmpre&@y%@ 8Y-Mli-85 0L iRgo émaqngap@ﬂk QJreLAl eandetﬁét z and
Bauer) in 104 g 3 0% anmoni a. A seconé1 SO utl on was prepared by

di ssol \Pﬁnga§o74 K terneoelinatidedrplitiiane ¢ hepr RIIGF%RJFBatﬁnhQQ)ZfOGmgdBO%
anmoni &he TRouSANP| € SfeckipdtHBINES FduEadOovdSP) Wastadded ash, 082Leof the
Cu solution and 1.87 niL OF the zZn solution, after which the slurry was

sti-PredePBFats oo nfidtk exreerhso Whirpy TRl thReRTRFiRIGake . TR0 PESFHRIEES®h and

cal ci nedsakaddl Gifxorcizeb. wEttmaislcy wIf hateal ahfisdr tmeprigeur s05nhiti@s €heished to
a powder

at al st (0] ion 100 cat al wth a

Rt L e N s TR i S
magnesi’a dat atArsth) Copger &nd 08i hc Cli2t hat ehsod woi 608 Wer & picgpaned hasti n

Exanpl g2 tlrdsluto p n 0 bal t
citrate ?&RE%}AQ R IR & L %gaglﬁ*n%ﬁé&lr“’f g‘a%ra‘”%e’“gf‘%g( E- 10,
DSPRp mgha@ld@@pgsmomomﬂ H>é Cur <6l 8% iTon, 4066 Janl 3 0F* the TPrsdiuti on, and
0.135 nL of the Co solution, after which t he slurry was stirred for five
m nutes. The slurry was then dried at 120 C for 12 h and cal ci ned 35 at 450

C for ZXATPI® Al Pyepaussipntefl gsfurine onriasned figel to a WO 2005/ 070537
PCT/ NL2004/ Q0@95d: sJe!quQa&si%s EB@p&@ﬁaﬁysilseem t4|90m g\la@p%@rgc@taz_e Co per
1009cata|yst with a Cy to Zn Co at/at ratio of 3:1;0.04. Exa Ie 2C

Pr epar dtPoR% ofRg AFRgRL Cdnonl%ﬁnégsl % atHI}de -5 PSoFﬁ‘F‘?%ss%]f“t&B?)pé’ zi nc,
andocohlakbanéd gt 8sssoliviilgeduiamgl ainc ateuntss dahyatdde C(Sagrhed—Alaflﬂ:H)h&hr pH

adj ust el%Zt.g cf;)'_go?% \é\nm}ngnlggaO%T%ngQallmaple of 1 g magnesia (E-10, DSP) was added
1.00 mL of the Cu solution and 1.87 ml of the 2Zn 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

'5  precursor was crushed to a powder. The catalyst composition was 20 g

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

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

Copper and zinc citrate solutions were prepared as in Example 2A.

30 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

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



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 nL wofo dobo70x37s0l ution, after which the sl urry wapcHngidodsdask:f or five

m nutes. The slurry was then dried ais 120 C for 12 h and calcined at 450 C
for 2 h. Finally, the catal yst precursor was crushed to a powder. The

cat al yst orrp |t|o 20 Zn- Co cataly with a Cu to Zn
Lo o’ BPYST abeocara Rt 6opfes 180 i 203 pPupkTAn GRTofl% BETRIGH:
zi rconwaticat @Iuyscb Z(Dop,tpe@o ct/rbteatdndokzind:¢cid4.ate sol uti ons were prepared as

in Exanple 2. To a sanple of 1 g zirconia powder (NNCL00, Daiichi) was
added 1.52 nL of the Cu solution, 0.94 nL of the Zn solution, after which
the sl Eﬁw&mﬂe?ﬁ&mﬁtim offi geCyiZanfepn Taenesiar cgtadastt hen 0 dried at 120
Cfeor 12 h gaﬂut%hel C%EFRQEO mcor #dN cobhal h¥trart'a@ %@E@' xa}mr%'iefur sor

was crushed to a powd e catal yst conposi tion Cu-Zn per 100 g
cat al y$PoyR%sh o4 Grtrtl(? Zﬁlﬁiaﬁnél ghelyr pH Fiawpped o Il”rHeESa‘r’a’ﬂtfl A% oFenda . Fe- Co

on titadka d}@légp%h:¥§ta§ deSANPBE Ch tE:RB1SOl Ut P V‘@a?np@éegﬁrﬁdg agadriesExanpl e
2. A Secony sol ution was prerf5 red by dissolvin iron citrate
1

di hydr afe'%( SGreYAPdPPER) 11/°182. 593D /z}lan%‘ﬁ}mgﬂa np %rgﬁzr s GEutrenZihas
prepar ediutiyndi asal ving 0. brgtrebad tsocruticﬂi e afSd REMi dhn th84s Th g yv3 Q%6

o S e, SR T shutey b PSR e SRS 19), W0 L ST

sol uti end aflamevhiath 465he °sl dipry2was Biralled ftbe ﬁat/aaymnptemrsﬂihewasl urry

was th a f d ¢l ed at_4 IIy

t he cafe'a\l%{sétdegr?e%uéé%r gmagﬂecrlcéécﬁe%&t C&%O wélOn Walshg9 %%u s go c,porrposr tion
was 209gcdipliFetColfer OO0ty Zeatfalqrosatmtt hraalcopft@ 150.0d .t o Oo at/at ratio of
3:1:0.4. WO 2005/ 070537 PCT/ NL2004/000051 16 Exanple S5A Preparation of a
Cu-Zn-N on rragnesr a cat al yst Copper Ci t rate and zinc citrate solutions were
pr epar 4 B A p 3 gepdared by dissolving 10.1

g ni ckel Cbéﬁ;@éxe &ﬂxfa@eAeaar )Zlhe é@@ra]teg s%@%tmganr;a_«e ToredasedPhe oh 1 g 5
magnesi a E— 10 DSP) was added 1.51 nL of the Cu solution, 0.63 nL of the

Zn sol Gi¥¢ #nd 6. 1 3AR4F Phe NP SoFEATEN POYAtEr (MIGIOR: t RRMidhdy r Y25 was
stirreddfiaf Jfrazaemm mﬂ&ﬁle Elaesslmtr:royl,vvasM heem aflﬂda an 2Qufidmr artdrh and

cal ci ne 5 r nal |y cata curs was crushed to a
pouder it €3 ot YA icaiBod TR R VAL 206 GITORER BGT SIFFY00% CHEAlyst
Wt adCied CBtZr12tJO Nl fcafc /1 hr andocalfciBed: £% 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

5 A copper citrate solution was prepared as in Example 2. A second
solution was prepared by dissolving 50.3 ¢ iron 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

.0 Cu solution, 0.24 mL of the 2Zn 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

5 Fe to Co at/at ratio of 3:1:0.4.



Exanpl e 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. wbeosatedyst conposition was 20 g Cu- 15 Zn- Necperz0ddifdo@i cat al yst
with a Cuto Zn to N at/at ratio of163: 1: 0. 4. Exanple 6 Preparation of a
Cu-Fe-Ni on silica catalyst Solutions of copper iron, and nickel nitrates,
j i : ) [ JLusted to pH 7 with

' - These sol uti ons
were m xed |Q?P£ﬁ’6ur‘?tl§r{ibe oﬁI{iCbl ?-11%? CEF-’qIétNl S@blllﬁﬂoinén “@ﬁfev\mf@hailedl FH_ iwas

i mpr egngteg1e08, 1a0c8itd C@olﬁaa@ewép\@ﬁgarew CAlsQoBhin3ob). 1t @ 9@&@&? a

final catalyst conposition of 10 %t of total netal loading, with a Cuto
Fe at onfitipafi dRbfa3 Afsaahdl{a ioﬂ/alt/at R eErgRiae To &u SARBLFeOfTHe 25

i Mpregnadeed ssapporio , Was phondg enideadl md ﬂLhafcaﬁ@IMﬁtsonheM say, 63 hds of
obtaineoL)e sdr ed at 12(9 Cfor 2£g |ned at 450 for hin air.
Exanpl e* I-Z’Pef)% Y8 B o t FI'i“ca?O LY s £ E5RF S’&lﬁ?l% sigray g

sal t/ anasaoIswtw.n:Dér) fr cﬁjppern:.MSm mbe né turayesas tvuetnh deqw nd aroafoupss of
citric hel p ust.e p h were prepared
as desc?il;becl‘aL cm?d Iia%? E ? uti?oﬁ's v\l/enraéLFL x% m{DE%‘cﬁnt retcgrg%f ain a
Cu- Zn smajtcmonheﬁ t\mlacm@déér ﬁ‘hevmailmsrt e@mabextlon mag A bi Ca-qrPQL BS 2050)
to ¢t al YSt+SomPesiti Qp  of 2T of ytptal metal

| oadi ng, % tﬁg%éf o 7N }aét%om&c ratio o?/% 1ﬁ |nrpregnat ed support was
honogeni zed and the V\D 2005/ 070537 PCT/ NL2004/ 000051 17 catal yst precursor

thus obgaiped yaedphegtain 3203 Cuf-ah-® Rnapdrcmahcifiedyat 450 C for 2 hin
air. To_‘lr?r?a‘—_t‘h_gwww—t—l—“‘l—a‘—t‘h—lt—o arn metal s Toadi n esu‘ig was twce
i mpr egnat ed,® wPt e s y‘l’%lp’&%ﬂaéﬁﬂatai“%ogoéltseﬁoi FH5EPRReR?’ 5 SERERp| Shat

Prepar akiroBn0h faunsdl OB al lchﬁmﬁat &hys&alﬁQE}BErc&dptol’satﬂorﬁﬁﬁsZIZOCgCC\t.l-E ate
sol utlons were pr ared as | % rrg .. To a . sanple of 1 g %I cg (Aerosi l
300%° waé" 3ddBg- 1 MEA bR ys‘tthEl &5 Futtci &R, Tald 8tEE ARtL? Fhet 20 ol uti on,
after which the slurry O was stirred for five mnutes. The slurry was then
dried af 129 Cf§)r12 h an@ga& _' ne at 459. C fO{;alsz. The cat al yst

pr ecur set—#a ST 6 st—Eofpe ition was 20 g Cu-Zn
per 100 g ca‘icailuysbnsvxmfh capkr t m@m,atahdt nnakelo offtr3tés, SwBdangfuenglar

Preparaﬁﬁéﬁﬁtgfof é}ffég E@Eé¥1aﬁhlfﬁéi ﬁﬁa$¥ﬁ&ted to pH 7 with 30% ammonia,

20 were prepared as described in Example 1. These solutions were mixed in

amounts to obtain a Cu-Fe-Ni sclution of which 1.1 mlL was impregnated
on 1 g silica ({Grace Davison, Davicat® S8I 1351) to cbtain 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
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

air.

Example 7 Preparation of a Cu-Zn on silica catalyst

30 Solutions (0.3 g salt/ml solution) of copper and zinc nitrates,
with egquimeolar 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

35 catalyst composition of 27.8 %$wt of total metal loading, with a Cu to

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



A Cu-Zn catal yst precursor was prepared equivalent to Exanple 8. A third
sol ution was prepared by dissolving 0.1 g of a rhodiumnitrate solution
(14. 7% RigoGhefriss? in 10 nL water. The Cu-Zn on sili Garra@bélessds: Precur sor
was i npregnated with a solution 0.29% nL of the Rh O solution and sufficient
addi ti onal wat er to reach incipient wet ness The wet powder was dried at
120 C for h and cal cined at 450 C for .. The cat al, gst corrp05| ti on was

20 g Ci?tZ‘r]ly% BEF WG g Wal%ﬁlqu h"&P %ﬂeﬁdo Fn 19 R afPat 4r &t i bf
3:1: 0. &04inbd Exanpbe 8B Rroepar at i n ofr a - a?knra?u o;rhesw.lvl ea eat akysis A

catalyt peared anal ogous, to Exa cept .t hat .t t al yst
precur];%ar pg(/\dég spfi"r%ré“g%a i Jf“ﬁr%l gzl flgh gr?ﬁ}ﬁnﬁ(ﬁ%mﬁf‘?’r%yl
(13. 0% Rwp, iGhesipweh.. The catal 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. O Exanple 8C
Pr epar at| on of a Cu Zn- Pd on sili ca cat aI yst A catal yst was prepared

REDE € PREE ECe - gy gt precursor powder was

Irrpregnat edcaeopreb %ls:elagél Qﬂdoalml éiaéilaw smﬁ{%% G,J%Qe%ré’gareqﬁeg@ua . The

catal yst conposition was g per 0 g catalyst wth a Cu to Zn
to Pd BfI"Rderati’® &f Semalea 0(50& gm129@5VP@¥95317 W/M?@@@Péob@?vlml 1% Exanpl e

BD Pr epad aiul @al@élo@ Cundno R an & |théaZrCasIo§ht’§6n,S@lEtléﬁ QS chOuh @188/ ML
sol uti on and zinc nitrates, equi nol ar ampunts of citric

;
aci, % Sttﬁéf‘? p%%dﬁ’lY?t BgRtesyHTe %"’trﬁYBYﬂ% nfaehette WPephr 8 as
describech Iadeo(al’qunedlat Tep0a sa.fmi @ b. ofhel cgts1ydtCaréAess0si has?(lﬁusﬁagussa)

was added 3. 77 nlL th sol uti.on an 5 soI on, after
whi ch E?’le ﬁoué?r I%e Caﬁalyr edc?n('i‘)rosfll ve r‘ﬁaﬁugi rHT"hgnsﬁl’eu“‘:r rléem%s “4"R&Vried at
120 C #®irh B2Ch tcarm catGitnedtat o4508:C for 2 h. The catal yst precursor was
crushed to a powder. A third solution was prepared by dissolving 0.1 g of a
pl atlnumO nltrate soI utlon (58. 2%Pt Cherrpur) in 10 nmL water. The Cu-Zn on
. ~ e PN \Res HTER g ditda Qa3 H. Pt solution and
suffi C' ent ﬁddjd—tzhoeéial%tt%ré&r%&@%s' Bf%ypelr%ateéf‘ﬁtv@@éét t-Bh@x)ﬁ\ﬁﬁlep@V\d@r Was
dried at 120 C for 2 h and cal ci ned catal yst
conposFiitsh sRA8tder gvasu-Baerprephehy 1@@5@1‘éﬁtgal%ét 9wicth2a r@ed%‘é“ HiZAte o Pt
at/at gatitaoaf @:4179. @84. deeapwte &n Plepanatia@Brof r8e Cdulhn ORnZidicoph a
cat al yst A cat al

st_was prepared ag%o st%ﬁgxa I | nst of silica,
zi rconfa i}é’ epr%'lé"srsl%eéfafNEﬁl iwg‘%H) a Utc‘gfﬁaﬁyg%z %hﬁ% pf o
0 solution and sufficient addltlonal 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 g catalyst with a
Cu to Zn to Rh at/at ratioc of 3:1:0.004.

5 Example 8B Preparation cf 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 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 B8A, 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

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



0 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 catal yst A catal yst was
prepar ed woahegous7t o Exanpl e 8A. Instead of silica, @E¥RQabdoopsRpMder was
used (NNC100, Daiichi). The catal ystis 5 conposition was 20 g Cu-Zn-Rh per
100 g catalyst with a Cuto Zn to Rh at/at ratio of 1:1:0.004. Exanple 9B
f i st A CulZn cat al yst precursor
‘ ; ' P g2 Yica, zirconia powder
was used (NNGJ.@@anaI(i)Cl’ﬂlg séllhemeusolszadded aa@}:eocgcmmﬂ ton&Exahgla@e8B. The
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used (NNC100, Dai i chi he cat al yst conposi tion was
100 g eRiUILP8t 2pft A - BS AT t of Zkha OZTPdE‘Ola}H‘aItr rafties ohigh 1tige o@mrrzxanel e 9D

Prepar ati:0Rd0foa ﬂirez&lgﬁt&ﬁ %ecemagca«aalmgn Areéd alysbowas fyrepargd
anal ogous toQ Exanple 8D._I|nstead of silica, zirconia powder was used

( NNCL0® S5 FERRY atTﬁéDca(f dOFst P cotSoSt Ay twRESDESET IRSZREPERgsk 0180 ¢

cat al ypdwasrt. haatiGrd eoZoticn Rbs ﬁfe’p&'ﬁ:eﬁ&iy @i8bolvikhig00004y ofExanpls:ihlm

Pre aratl ghesi a cat al yst Cu-Zn catal yst. precursor was
pr ecgar %Jdtr Al osgogﬁg‘]? Ijz’ggh{% E' ghelnﬁ’élfiea&n ﬁosﬂll cite ﬁagﬁgé ZIptNd8F was
used (Eilika ISB)lystTIpeecmaiwsas rpgsatddomitas ABogmiptZsopetichi@ng
cataly hLa of. 1. 1. | e Preparation of a
Cu- Zn- f%yrﬁ:&%agn%%qggg fﬁi\;[ae E%OCh at' allglsetnoC rEégng)sssorJr%aswet artg

anal ogoas tiel@amtpl €2@D’C rfnstéadll gindsidailednedmgnes’@ powder Bvas uged (E-10,
DSP) dhe QQQQQ @ggalzcbg us,ig, Fxa £ ition
was 20C ﬁt& ) g ca?aéust J\A/:P;A)ﬁt gpa%d.?b\tgo-g%ﬁa ?%ttRhyg%/a?EPg?l o of
1: 15 0. é@4t° SDtEi%vfﬁﬂ éaIG‘BCFﬁr pai%td®n of a Cu-Zn-Ru on magnesia catal yst A
catal yst was prepared anal ogous to Exanple 8B. Instead of silica, nagnesia
powder was used E— L0, , The cat aI st corrpositi on was 20 g Cu-Zn-Ru per

A catalyst was prepared analogous to Example 8. Instead of silica,
zlrconia powder was used (NNC100, Daiichi). 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 9A Preparation of a Cu-Zn-Rh on zirconia catalyst

A catalyst was prepared analogous to Example B8A. Instead of

silica, zirconia powder was used (NNCL00, Daiichi). The catalyst

5 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-Zn-Ru per 100 g catalyst with a Cu to 2n to Ru at/at ratio of
3:1:0.004.



0O of 3:1:0.004. Exanple IOC Preparation of a Cu-Zn-Pd on nmagnesi a catal yst A
cat al yst was prepared anal ogous to Exanple BC. Instead of silica, nagnesia
powder wasous®drdskr 10, DSP) . The catal yst conpositi onpcronivesyosbhsg Cu- Zn- Pd
per 100 g catalyst with a Cu to Zn t@ Pd at/at ratio of 1:1:0.004. WO

2005/ 070537 PCTI NL2004/ 000051 20 Exanpl e 10D Preparation of a Cu-Zn-Pt on
magnesi a catal yst A catal yst was prepared anal ogous to Exanple BD. I|nstead
of silica, nagnesia powder was used (E-10, DSP) . The catal yst comnposition
5 was RGrpleéudiprPpapeirich00fga cat-ahyrd oni tirewnCa ¢aradgsto Pt at/at ratio of

1:1:0.004. 1 e .on - L catal A caf al yst
was prepar ezgxg%%%gugw %3% g%%pﬂleg 8 ,al%?‘gsg ggo?&%g%‘itrggt e)%(%)f%%cfogﬁg( as in
Exanpl #i12caandziggontan rowdeat evasol wsddn (FEEL00n Bddmplie. 4)TheTheatedvat yst
COMOosj. 4. 0 p i esatbat ratio
o T 20 B B 0o e (A, B D) F4,
silicaatMBtcaphiqyefslchtHAP4ts were prepared anal ogous to Exanple BA, using a
Cu citrate solution (as in Exanple 2) and an iron citrate solution (as in
The catal yst conpositions were 20 g Cu-Fe-(Rh, Ru, Pd, or Pt)
per 10%€ 5t A VEEPAFE R Bh 3 U@y Bt (BN Ziegpnipycatdlyst) at/at O ratio of
1:1: 0. 004. Exaapipstl2wi¥ epaepddcdn @faladgbils FEoOEx3blLasoat anyséadd eat al yst

was, prepared anal ogous to Exanpl e 8D, . usj Cu. nitrate solution apd an
' oh i Uiche SOIGCRen (HEbedan Exhpl VG0 “Dattehid: B8 HRiedl ti ons
wer e 2€omgpoBitFen pers 200g glcdnalPyspemililll g €ataliyot Feltdt AaCured iZm ¢b 2t 1.
Exanpl A_:. r rat,i on of Cu-Fe-(Rh, Ru, Pd, or Pt) on silica

cat al y%?@igr&%%%gsﬁé?%?@qbrepar ed anal ogous to Exanple BD, using a Cu
nitrate solution and an iron nitrate solution (as used in Exanple 6). The

cat al ygf i QRPOS1 3805 WEIE 6202 T fYnFEs neflh BHa1 W Pt) per 100 g
cat al ratio of 1:1:0.004.

WO 2005/ 0705374 PETLRE2DOY RPGEBISOn Was prepared analogous to Example 8D,
Instead of silica, magnesia powder was used (BE-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 Example 8D.
Instead of silica, magnesia powder was used ({(E-10, DSP). The Rh was
added analogous to Example 8A. The catalyst composition was 20 g Cu-Zn-
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 magnesia catalyst

A catalyst was prepared analogous to Example B8B. 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

0 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

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.



Exanpl e 13 Catal yst testing procedure A catalyst sanple of 0.25 g (as
prepared by the nethods described in Exanples 1-12) was reduced under a
hydr ogen Wwbawsfoess32 h at a 5 tenperature of 350 C. Thectmechecgmoat al yst was
transferred to a reactor and suspend®d 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 analysis are listed in Tables 1-3. WO 2005/ 070537 PCT/ NL2004/ 000051 22
vi a) Expgple 40D FPugppeptiemnof) a(PuyZn-Ph onimagngsiv) cgrakstH O m E 5110 oA ||
WU Cain HAOcatQ SRS ﬂi‘e@agcp Qigo%og)sotg %ﬁrr%)ler 5P, rinst@@doo@ 000
000000o0WS$U NProaam OMNMO
O O O NiH %R MRIEeSiy (?OFWSEIU"?? L@eeb KETE: RPPi i . T;Lheoqélgaiysquomewwlmno r Ol
O 5! was L2d M Nubesiipd ipeN 1bord ddtal@st)wi®nlsOdy do @ Wl\@thQ%Q Qt\i\bp+ ~a
Ori EOM%QOE\)Oro HWc' Nbr MmWNuU m-~-' - NHNTro
)y °

Examples 11 Preparation of Cu-Fe on silica catalyst

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

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

Bxample 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 Pt) on silica

5 catalysts
Catalysts were prepared analcgous to Exzample B8a&, using a Cu

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

Example 4), 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
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

nitrate solution and an iron nitrate solutien (as used in Example 6).

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

Fxamples 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.
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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
cooling, the reaction mixture was analysed by GC. The results of the GC

analysis are listed in Tables 1-3.
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PCT/ NL2004/ 0005 o 21-11-2005-CL Al MS 1. Method for the preparation of

a chromumfree catalyst conprising Cu and at

| east one second netal in

nmetallic or oxidic form conpr|5|ng the steps of: a) preparing a final
f

sol ution conprising ions of Cu and2

at | east one.second net al

.- said.final

sol uti @a713&8€00/R¥hal | y conprising ions of an organkQ@ /g0l 6dosgP@gent and

havi ng a pH of above 5; b) contacting said final

sol ut iZdmI¥t2085i nert carrier

to form a final solution/carrier conbination; c) optionally, drying the
final solution/carrier conbingti@ny W)k calcining the final solution/carrier
conbi nation obtained in step T) or d) to yield Cu and the at |east one
metal in oxidic form and e) reducing at |east part of the thus

obt ai ned uexhéd ToLUtHN prépera€add o€ra o%xorhmnheﬁea@eemsmgc&@r@kﬂgn 1, wherein

second

t he organ

EDTA. 3.
step of

pospasing thai stefpsnat: sol uti on by conbining at | east a
o a) preparing a final solution comprising ions of Cu and of

at least one sgecond metal, said fipal solution
additionally comprising ions of an organic complexing
agent and having a pH of abové 5;

b) contacting said final solution with inert carrier to form
a final solution/carrier combination:

c) optionall?, drying the final solution/carrier
combination;

d) calcinipg the final solution/carrier combination cbtained
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.

Method according to c¢laim 1, wherein the organic complexing agent

is chosen from citric acid, lactic acid, and EDTA.

Method according to any of claimsl or 2, step a) comprising the
step of preparing said final solution 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.

Method according to claim 3, wherein the first and second
solutions both comprise ions of the complexing agent in a similar

concentration.

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

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

Method according to claim 5, wherein the first and the second

solution have a similar pH.

t h I d, t d, d
e PROGShC LEAh P GeaTy! GPCR) ol oiBi s &8 CRghecORBii si ng | ho



first solution conprising ions of Cu wwth at |east a second solution
conprising ions of at |east one second netal. 4. Method according to claim
3, wherein the first and second solutions both conprise ions of the
cogpIeX|ng agent in a simlar concentration. 5. Method according to.any of
clrai -yﬁgg. =4, wherein both tge=finsts. solution and the second:sghution have

5. 6., Method ackth WP claimb, wherein the $4403058ind the
second. sol ution have a si m | ar pH 34ed; , 151 f9%2bQBi LM-~"" ppf vi D 04703950
sate. St - S83s.. .... i, .. . N4Jh~; ' tss: +~,~ 26 7. Method
according to any of the precedl ng cl ai ms wherein said chromumfree
catal yst further corrprl ses at | east one th| rd netal. 8. Method.according to
any of lh&ephoscetticnydiobaitas anwhefekke t precpdingf cleidms, f wheteigolsatidon i s above
6. 9. MeLhadhaRCOll kol e B Oer! BRI ERCOE NGa6L BB tGHRLA. L Ne
concentratlon ions 1n e' final tron s in the range”of
0.001-0.3, nore preferably of 0.005-0.15 g Cu/nL. i O Method according to any
of the qr ge@dNGcIral At to ST 6F rtrteherecaam@n&m&s Cushle B4R kB2 gﬂeof' nal
solution is such that acatalg is obtained conprising %\, nore
pr ef er abl E!Lélf’%l F0LeHen Lh@Po¥ S preferably 15 - 25 ot Cu. 11. Met hod
according to any of the precedl ng clainms, wherein the concentration of ions

of the €9 n the fin ol ution i.s.in the. rang of 0.001-1.5,
nore pr eflg%%tlﬁ?y F&gf bo anyy mlf %%5 ﬁ%%g#%c%lgﬁﬂf ng" ereéhy%g? t he

pr ecedi ngcqrtcantﬁsatimafem ides imnthenfimfd sdmsiof ishin dbaptangengf agent in the
final solgitdoengis m§g.écprgmghut%fnm@@a%qt5|%qu/mﬂet al to conplexing agent is

|[1 the range of to 5, nore prefer 5to 2, and nost preferably
75-1.25. 13. Method according to any of the precedi ng cl ai ns, wherein the

ConcenuoaldtmﬁdOEci:MSn@fté henyt ofeaﬁé ;meesa@oruiamﬁs alwhereinthre final

solution js ipt range of 0 0l- prefera Y, the ange of

0. 005- 0. 15 ‘91719 p%ﬁ ?h"éld a c%rn i ns o an§/S s]ubt% thapraec?g 5 ctains, wherein

the anouitapied mowpuoifsingel d0 [3ehst maepsefeoaelyndfako i 3 t%hfe famdl sol ution
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11.Method according to any of the preceding claims, wherein the
concentration of ions of the complexing agent in the final
solution is in the 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 f£inal solution is

( 'such that the molar ratio of metal to complexing agent is in t_he

| range of 0.1 to 3, more preferably 0.5 to 2, and most preferably
0.75-1.25.

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

14.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
i:referably in the range of 0.1-5, and most preferably in the range
of 0.3-3.0.



Cu to the at | east one second netal in the range of 0.01-10, nore
prefrerdbty in the range of 0.1-5, and nost preferably in the range of
0.3-3.0. dct.5/12./2005 jj'CVMSPA(vlID 04703950; z7 15. Method according to
an‘égf“_%bﬁ clainms 7-14, wher eivrgb;it‘,he_ concentration of ions of the at |east
ongiEhiyafiaE al in the final fAgpaiiih is in the range of 0. QORLLE-03,
pr@?e@éﬁ?@*ﬁ the range of d%@ﬁmw g/ m.. 16. Met hod accd@%@?ﬁz@o any of
the clainms 7-15, wherein the amount2df the at least one third nmetal is such
that catalyst is obtained wth an atomc ratio of the at |east , one third
metal to Cu in the range of 0.001-0.05, nore preferably in the range of
0.001-Q..01...17. Nef hod. accpording to* gny of, the edi clains, conprising
an addit"oHRF <TE5 ) 9or ?)ula\?' ri §|f n&%he"'l&tﬁ’f'ﬁi ﬁ{e'ggbatwg%ﬁi’n. rEF'%.Met hod
accor di ngcemreatnatdbn tofeigmseof dihegat | lziass onaheiedmdtiadé &t thealimabne second
netal is fir 0B r f - , 5 L.pation

t her eof . %%ﬂ&% hlgdmz)a?g%r 8]5?]%@,[03 gh?/dzogfo’t?tﬁé gér)eefgggylﬂr%’gq%l ZF%BOJXR erein the at
| east oneof Hi-PePSTR QY5 $4lchosen fromone or nore of Pd, Ru, Pt, Rh, or a
conmbi nation of two or nore thereof. 20. Method according to any of the

pr ecedi clains, wherein the iner carrier is chosen fromalunm na, silica,

t
sili ca-lgr A AGCPELREate anyoPbsing, chaimsotila; YheFelBxie Y afy conbi nati on
t hereof. e aWblbsyt aaeotilirdg medaBnys qu%:lh hender eaeslyag Ql-sablm,inwerfei n the
inert carrJder_ is _present. in_an anmpunt 50-95 ¢ 2. .chropmjumfree
cat al yst wcl&ﬁp?’} SFRE O HSd %At eeg'gt P%ag %neecéﬁhrﬂeg?l g‘l?t & nhiart‘bl‘u']'na by a met hod
accor di ngrange afy 0 0301t 010 Spr ecead iprgfedabinen tR3 réhgoowif uK0ied 0dat al yst
according to claim 22, said catalyst conprising at least 5 %% Cu and
having_an atomic ratjo of.Cu to_ the at |east one second netal of 0.1-10.
JTead' L1dethodResording§Qpany) of ; ey RFgseding clainsy compxisingrgn =~ -
~, . Vii, »xdditi¥dal Ztefhy) 0BT ilvee s iad- die cbfahgatcadppay.ted on silica,
zirconia, or nagnesia according to any of clains 22 or 23, conprising 5-50
%W, preferably 10-30 % (Cu + Zn) and having a Cu to Zn ratio of 0.1- 10
at / at , 1Msthedlgicgogling Stautdrat ofmthe preskdimgblicyaims} aheegin 28e Gt omi um free

Cu- Zn catyahysSton@Cs&otl Hkth® €4 AHPsed £dob b€ lor more of Fe, 2n, Co,

Ni, or a combination thereof.

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

Rh, or a2 combination of two or more thereof.

20.Method according to any of the preceding claims, wherein the inert
carrier 1s chosen from alumina, silica, silica-alumina, titania,

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

21. Method acceording to any of the preceding claims, wherein the

inert carrier is present in an amount of 50-95 %wt.

22.Chromium~-free catalyst comprising Cu and at least one second metal
obtainable by a method according to any of the preceding claims,

23.Chromium~free catalyst according to claim 22, 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,



conprising as at |east one second netal Co or Ni, or a conbination thereof.
26. Chromum free Cu-Zn catal yst according to any of clainms 24 or 25,
further conprising at |least one third nmetal chosen fromRh, Ru, Pd and Pt,
or conbirnations of two or nore thereof 27. Chromium free Cu-Zn catal yst
sa .cl ai m 26 havi ng e:,—wof (Cu + Zn) to the at }east..one third
rré ﬁngﬁg@g‘bm 0.5 at/at, 5@&9 of 0.001-0,01 at/at. 2@3&7@%@m um
free Cu-Fe catal yst, supported on sdg ca,. zirconia, or magnesia accor di ng
to any of clains 22 or 23, corrprlsmg t- 50 &wt , preferably 10-30 %v (Cu +

F H 0, at/ at, f 0.5-5 at/at,
ot e prid ShefiRctpe, b Bt Pphoriese 36, Jas Bl i cfarng to
clai m 28, m&mEtSheraccoumgl $ompyast ar-tlaixeasz axnés,seommism a -5Cotwa, Ni, or a
conbi nat'BPefetrQﬂf?,B BﬁQW@f&”‘rufmeFaeh%’mgS% ong‘J’%{ %O%gld’lq to any of

clainms 28 conprisin ‘Chosen from
Rh, Ru, PH0 aér'félt'PtP-‘-"'-‘é?rE@éMbQ r&aﬁlaﬁﬂstoﬂmm\mrefembhe h'Heaid@t 31. Chronium
free Cu-Fe catal yst according to claim30 having a ratio of (Cu + Fe) to

t he at2 a\%tgonethlrd metal of_ 0.0001-0.5 at/at, preferably of 0.001-0.01
at/ at. 232°5omigy- EﬁForﬁ“uﬁ?frcééaJcié?ttaI%Prda’é‘@or‘iﬂ’i ntaid A ofuEihsFns 22-31 for
t he hydr ogempatision ef ftallbystnehesechid mptaASTErs:, NeStRr § conBinstiesters to
fatty al c&hegggf. al cohol s and di al cohol s, respectively.

_a

26.Chromium~free Cu-2Zn catalyst according to any of claims 24 or 25,
further comprising at least one third metal chosen from Rh, Ru, Pd

and Pt, or combinations of two or more thereof.

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

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

28.Chromium-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 to any of claims 28 or 28,
further comprising at least one third metal chosen from Rh, Ru, Pd

~ 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 0.000i-0.5 at/at,

preferably of 0.001-0.01 at/at.

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



