-2- to 650 [err] C.. However, hydrogen pressures in the upper part

of the pressure range of 68 to 170 bar absolute, e.g., 163 bara,
are still required for a reasonable activity. C Cat al ysts having a

wi der oper av@ sg/i4zBidow, al | owi g5 n at | onRCTEFBO40: s
hence remai n desirable. iqéﬁ?éﬁggs gEH A 0 434 062 the
tenperature at which t he alcinpd i s between about 300
and about 550 [err]C and the presdure under which the hydrogenation
reaction is to be perfornmed is broadly between 200- 10 . 2000 psig
(equal s 13. 8-138 bar gauge). However, this : docunent specifies that
t he hydrogenation reaction has to be performed in the vapour phase.

wgrgrgse?t invmﬁf c'tE?sl:)s mwl iﬂ&s?mmmmfmmbmc'r HYDROGERATION OF
genation of carboxylic ester contacting and
reacting one or nore esters with ﬁﬁggﬁ§gﬁTgnE3fEE§ A the presence of a
hydr ogenati on catal yst conprising as Its conponents a copper

compound, a 21 nc GTUOYAdeANIR' rerares th°3o b ARGOUM M SANA abd rOm

the group consi sti coni.um nagnes) U rare
earth and 20 the d#rﬂc@rbydﬁﬁéﬁééﬁloph@fc&@éb@ﬁﬁh%ﬁ/Qﬁ}eﬁé%ﬁibﬁbpared by

cal ci ni g sai d-GORRARAREY Y21 queTpRiGdel iy WheatIgRt comprisiing rom 200

to |l ess than

00 [err acterized in t he process iIs
carried out i FOPREN |"1]$Ehpt?“ﬁﬁa Fing compound,q and é‘tq.u]ée ﬁFDtor’fbe range of
from180 to 256m|pe>lim]dCs@1<é<ﬂe35 from theegxoup |dbrtslstrnamge>ﬂ)falfmmniaﬁn,7 to

138 bar gauge. esen e f
the . dlzﬁngWo&@ﬂ;t%%l%df %crgrabox%%l (F%gs 'er s Jt ‘#or m %&% o
al cohol s. Sui t abl Fheahlydxpigenasdoar ofoparboxyliic @stigls ‘and carbqgeﬂthf ange
methyl esters.eskldrs Wd W1HoHd1469 2 Khdvirl idn the art, and various

methods and catalysts have been suggested for effecting
10 the hydrogenation. A commonly practised method involves

the use of a copper-chromite-based hydrogenation cata-
lyst. While copper chromite catalysts are successful and
commercially available, the disposal of the spent copper
chromite catalyst is a problem since chromium can exist

15 in different oxidation states. Some of these oxidation
states are reported to be toxic to humans.

From US-A-5,334,779 catalysts and the use thereof in
the hydrogenation of carboxylic esters_are known. These
catalysts are based on oxides of copper, zinc, and a

20 third element selected from the group consisting of alu-
minium, magnesium, zirconium andpmixtures thereof, and
are prepared by calcining a precipitate of the (interme-
diate) catalyst cemponents_at temperatures in the range
of 400 to 650 °C. These catalysts are suitable for the

25 " hydrogenation of carboxylic acid esters to alcohols.
However, hydrogen pressures in the upper part of the
pressure range of 68 to 170 bar absolute, e.g., 163 bara,
are still requlred for a reasonable act1v1ty. Catalysts
having a wider operating window, allowing hydrogenation

30 at lower pressures hence remain desirable.
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30 wax esters. ' As used herein, the term "detergent range

nmet hyl esters" refers to conpounds, typically C6 to C22

conpounds, whi ch have bgem or gguce est exchange of ura
oil's, sucWoM18¥onut oill , ggﬁgpggggnﬁf N nd 35 paln?SFF@”ygég%ples
of detergent range met hyl—esters: -

2a - I ncl ude net hyl decanoate-{ﬂbbhyl caprate) nmet hyl dode-
canoate (methyl J.aurate net hyl adecanoat nyristate),
met hyl hexadecarfodte ’ﬂ%ﬁﬂﬁh r’baﬁhfﬁ °é")e pr°‘”'dee fﬂgl"‘%ﬁ%c?é't%noate

(et hyl ste&mwaﬂystuﬁbnnﬁhqﬂdﬁiect hoed metpsreainiadre | freddanbooy it e) . '

As used hergg%

triglycerides a{%/%%%ﬂ%’}{nc dﬁs}&%: ‘jif‘éar rt]rﬁ{cgte)npo%%c%acnng n&%é/j\hcﬁ%:h occur as
oils and fam@ﬂQ1qﬂ¥hﬁ ki egtiens yith hydr@empindenipredopimantiies whi ch

can ke used 3gSiAPHdNE lﬁ(drogé}ﬁtqrdrﬂc%ddiﬂﬂf‘né)ri%eﬁ?e Yrddihd¥ &SENt

I nvention include natural oils, inclu |q§F?enet|cally engi neer ed
oil's, such & catalyst qoEprising & SRHRAN &R & FldtCIRoundme seed
oil, tall ow,armwéuoaleﬁsu anambmmmcabdeaemﬁeﬁd faeah it group  for

g??nple soy% %Qéﬁing 5¥ fﬂd ﬁiﬁﬂl maéﬁQEE' r a ré%é peanut
earth and mixtures thereof, prepared by calcining these
10 compounds at a temperature in the'range of 200 to less
than 400 °C. o |
The present invention relates to a process for the N |

direct hydrogenation of carboxylic eSters to form fatty
alcohols. Suitable carboxylic ester comprlse (i) deter-

15 | gent range methyl esters, (ii) triglycerides and (iii)
wax esters. '

As used herein,'the term "detergent range methyl
esters" refers to compounds, typically Cg to C22
compounds, which_have'been produced by'estef exchange of

20 natural oils, such as coconut oil, rape seed oil, and
palm oils. EXamples of detergent range’methYl esters
include methyl decanoate (methyl caprate), methyl dode-
canoate (methyl laurate), methyl tetradecancate (methyl
myristate), methyI hexadecanoate (methyl palmitate),

25 methyl cctadecancate (methyl stearate), and methyl
octadecenoate (methyl oleate)

~As used herein, the term "triglycerides" refers to
natural triglycerides, typically Cg to C55 compounds,
which occur as oils and fats in plants and animals.

30 Examples of triglycerides which can be used as starting
materials in the process of the present invention include
nétural oils, including genétically engineered oils, such
as; for example, palm kernel oil) coconut oil, rape seed
oil, tallow, and palm oil, and vegetable oils, such as,

35 for example,'soybean oil, safflower oil, canola oil, corn
oil, peanut oil. S '
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- 3- As used herein, the term"wax esters" refers to

conpounds, plcally C6 to, C44 conpounds, which have been EPDS ed
by ester eﬂﬂéaﬂ 80t natural“triglycerides. ~ Exanpl es 5FT O

triglycerides mhlch can be used as raw mate- 5 rials to form wax

esters include natural oils, such as - 3 <oconut oil, rape seed oil, and
palmoils, and anlnal fats, .such as lard tallow and fish oil

Exanpl es of wax #S usegs harein \thfe TRy "Rk ?JE g Prate),

?odecyr I cotpdemaimattypilcally Caurat@yy ¢ampcmhmgj wiet chdeawecheen 10
myristyl nyri ﬁﬁﬂ? t Imtate),

oct adecyl oct §§ ?él?oea Q}((aet%gcgeﬁatée]’?or iémg@ ﬁaém{néﬂql ‘,:e ?Q%ecenyl

oct adecenoat e Exampdias dﬂrﬁﬂkﬁ&&?erldes whl¢hrﬁﬂ@wk&eqseda@$yraﬂym@§?ate
myri st palmgfgrg to form W4 ed ¥l ShcAllde dOSOSYAL AOEDS ANSEER ggrucy

erucate 15 As used herein, "fatty al cohol"” efers to an al coho
preferably a IGAREIUtIUdholZaRG a8 Ml rand BRtm @il3y and animigl: oo

carbon atons, futef,ersafdly d9 eraﬂbptﬁaﬂibﬁadlb@nflsh oil atDxampbesboft wadk

carbon atons. Typical, fatt I

hydr ogenat i on ep#/ I Ca§' L %% %y@ éi)?%%%%YepF]égﬁffg g%#‘?ﬁﬁ? (rtlgé&aﬁg
dodecanol , tetdadecanoate tuarnol , l&mnaﬁebanbetr@deeﬂbcaﬂbradendnohteI|ke,
and @ﬁ%&; a#lh‘?ﬁﬁoj‘fstate) ,url'éex deggf ﬁ%fr:é‘éé(ééné’étéh‘?paiﬁ§€9§.

|nvent|on conpti onpound, zinc
conpound, andnﬂlME;ate)rIQﬁﬁﬂdQﬁﬁldyﬁﬁﬁkﬁP%%¢%%téﬂt?¥5%¥?h%rg%§9p

ﬁ?gfhfé;ng Ofsteara?ijﬂLHEEHGE&edylc@@t?ﬂécéﬁﬂﬂ$ﬁ|vﬁléatéfelgﬁbléaﬁéd

rep cal ¢cj njng these,_conpoun t a
tenperature i PX He-BARRA 'Eé) Oga &%r%ﬁ{é#ﬂOOmYEﬁ tf”BafmlEage, It has
been found tha,jléynhlamwatq, admmccosxah dec8Sanoateblerueyl uerugate) .
catal vt compri sl i, 3, SPAEL SATPOMELktd alconol “h0EeFQTRE R a206heL,

| east e rare ea
preferably a llnear alcohol, containing from about 6 to

about 22 carbon atoms, preferably from about 10 carbon
atoms to about 22 carbon atoms. Typical fatty alcochols
- produced by the direct hydrogenation'process of the
20 present invention include decanol, dodecanol, tetra-
decanol, hexadecanol, octadecanol, and the like, and
mixtures thereof. - '
The catalyst of the present invention comprises a
mixture of a copper compound, a zinc compound, and at
25 least one compound selected from the group consisting of
aluminium, zirconium, magnesium a rare earth and mixtures
thereof, prepared by calcining these compounds at a
temperature in the range of 200 to less than 400 °c.
It has been found that high purity alcohols can be
30 obtained using a catalyst comprising a copper compound, a
zinc compound, and at least one rare earth compound. Such
~ catalyst is therefore preferred. '
The metal content of the catalyst is calculated in
percent by weight (%wt) as the oxide, based on the total
35 weight of the catalyst. All ratios specified herein are
metal atoms unless otherwise noted.



catalyst is therefore preferred. The netal content of the

catalyst is calculated in percent by weight (%w) as the oxide,
based on the total 35 wei ght of the catalyst. All ratios speci fied
herei n arW09%/14280  pt 4] at ons unl ess ot herwi se not ed. /1;995?043%

96/ 14280 PCT/ EP95/ 04380

-4- The copper content of-the-catal yst can vary over a

wi de range for anple, from10 to 80 %M. However, for an opti nmal
conbi nati on of fﬁﬁt QPPRL  CANESNE T \FRS GRkRlYSt Cap Yaryseveradility, a

copper contwide iranide fengexampiée onfrém 10 26 80 Fot WwHoweverpf esred,
especially 30 t of . the_catalyst is

Ih :
typically |?Pt?P maI@%Omg%ﬁﬁﬁ}%ﬁ ??oﬁ?ﬁbf% %%ggéfth?gFéYéBYy, Ndhe 2inc
cont ent catalyst tsiebilitystaicopper heontent Dh thenrdfgeoofsSLgem,

cspoglal Y 28 OB 2 100 U dMhre TbEred! | Qeplctility S00REPT0 ;. | 1N (e

cat i s genera r ange g
preferably in t?&?r%&&ﬁaQﬂnqﬁﬁﬁnQ.4tQQ)9F§?1YSt is typlcathchkaFQQt

addltlonm|ﬁhﬁ§5¢5$Sﬁ?m@ll¢e@§t8®”9wt Prefef&BDP)Nehé e erécoht ot t he o
group consi of &l pnd ni . zirco esi g rare ear
and n1xturé%% ¢&§ tf £'18"in Wy e egg%%nﬁgnﬁﬁuﬁg]%g used, the
rare eartklespec1allynﬁrmm 20 tde7Catwt ysThe sraypd cefl gino tbecoppge of
fr i t r thec n f
catal yst i 7 n }g%egaré%g%g\%f {’%ér?%f’%i%’% }lgeg/é\? Fa&gé 8e PR ; 9 y from
0.3 to 10 %wl, Znd prefergial st Hee eFange ef t £¥om 1r&r60e&r1h" and

"l ant ha- THE At 6f$Y dRiitForbel 1 PSctip Pl SEBTHE Veddt agper c nunmbers ¢

compound selected from the. group consisting of aluminium,
zirconium, magnesium, a rare earth and mixtures thereof.

15 When a rare earth compound is used, the .rare earth
content of the catalyst is typically in the range of from
0.1 to 20 $wt. Preferably, the rare earth content of the
catalyst is in the range of from 0.2 to 15 %wt, espe-
cially from 0.3 to 10 %wt.

20 As used_hereln, the terms "rare earth" and "lantha-

' nide" refer to the series of elements with atomic numbers
ranging from 57 (lanthanum) through 71 (lutetium). With
regard to the rare earth (lanthanide) series, mixed
metals are readily available commercially. For purposes

25 of the present invention, the rare earth is selected from

' the group consisting of p:aseodymium; neodymium, yttrium,
lanthanum, samarium, thorium, cerium and mixtures
thereof, with lanthanum being pfeferredl .

When the catalyst contains aluminium and/or zirconium

30 and/or magnesium the aluminium and/or zirconium and/or
magnesium total content of the catalyst is typically in
the range of from 0.05 to 30 %wt. Preferably, the
aluminium and/or zirconium and/or magnesium cdntent of
the catalyst is in the range of from 0.4 to 20 $%wt,

35 especially from 0.6 to 10 $wt. |



fanging from57 (lanthanun) through 71 (lutetium). Wth regard to
the rare earth (lanthanide) series, m xed ~metals are readily

avai l abl e cormgl ‘fz @I | y. For purposes 25 of the present i pgemposazsd he
rare earth W2 ed from - t he .group consi sting of praseodym um

neodym um yttrium | ant hanum samarium thorium cerium and
m Xt ures thereof, with Ianthanuwlbekng preferred. When

the catal yst contain | um.Qj Zi nesi

the ai um o um andhbrone SERBURRAR Fhe”theQTYHE dOmpri o8B cBERERITP 1M e
catal.yst is t;lpmcaangi ghrconium.t in anngbeof efbodideds,t the calalyst
Preferably, {S6mpr ses,aEHBbEkU”kﬁﬂélQﬁdzh?ﬁﬂ&hgﬁh@thphnﬁﬁﬂﬁﬁsb&ﬁkﬁﬁﬂlent

of he ca X IS 1IN e range of rom
especi al | y LT BenD, cthe Eategst compiises coPPes) 148G, aluminium and

PSE/EP95/0438ﬁircon1?m In another embodlment, the c&talyst comprﬂstSQne
enbodi ment, the catal yst comprises copper nc an um, .l n
hang,pap RBoRinEHE . Tnd

anot her enbod?ﬁ@ﬂ?r't &REa Pl y§trare rEBonP58§° 85p§

al um nium | ncabtalygst ecohpdises coppempneinthemagnaisism amdprei g@recopper,

zi nc, alun1n|gg}@ﬂd 5 zirconium |n another enbodi nent, the catalyst
conpri ses, opper, zinc and a rare earth. In another enbodinent, the
cat al yst conprlségaﬁégpérPrﬁpﬁéurﬁﬁgﬁé§|bﬁ1éﬁsdatpap§epare thear t h.

Vari oyg procegafg§ygeg Be Hﬁédpkéséhepiheehhﬁohp For d%ﬂﬁﬁlé%tinaiﬂﬂﬁ}
present |nvent|

a f t al
may be prepar¥8 ﬁBEHF%SBsngf thet@ﬁ&?ﬂérmﬁglpﬁwgﬁ S, 2 Qxﬁﬁpgfngna >

aqueous al kal together followed by the addition of an aqueous alkaline
solution. Alternatively, a first équeous solution
comprising a copper or zinc salt and a second solution
15 comprising a soluble base and at least one soluble salt
of at least one second metal can be prepared, and these
two solutions are then added simultaneously to a vessel
containing water. In a preferred embodiment, the cata-
lysts are prepared by co-precipitating from aqueous
20 solution thermally decomposable compounds of copper,
zinc, and rare earth and/or aluminium and/or zirconium
and/or magnesium, washing the precipitate and calcining
the precipitate to give the metal oxides. The catalyst
precursor is subjected to a reduction treatment to give
25 the active catalyst. '
It is understood that the catalyst is usually handled
. and.stored in the form of its precursor, which indeed is
referred to in commerce as the "catalyst", although it is
not the catalyst in the strict sense of the agent taking
30 part in chemical reactions such as hydrogenation of
carboxylic esters. Reduction of the precursor to the
catalyst is normally carried out by the operator of the
chemical process. The precursor may be in shapes, e.g.,
pellets, as required by the user of the catalyst, or may
35 be in its condition before the shaping operation, e.g.,
as powder or lightly compressed powder.
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Alternatively, a first aqueous sol ution conprising a
zinc salt and a second solution 15 conprising a sol ubl e base

t | east one soluble salt of at | east one sec &@hmgan be
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ese two solutions are then added sinulfaneously to
containing water. In a preferred enbodi nent, the cata-
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cat al yst i Feastidly ycanvweantad to the cmidet @ gl i rtheecdmrespdinding
pregursor, nitaah ddWiRgthtes, are ald&ffiiesbio iﬂhffHﬁ‘F}{Céin gfoye® as

"catal yst" altho h it is not the catal yst he strlct sense of
the agent {08 %ﬁ% conﬂﬁﬁﬂequQﬂﬁQﬁ(ﬂﬁlqﬁxﬂﬂq¥ﬂ% REMRRI ogenation of
carboxyl|cs®ﬁ5§qneﬂﬁﬁhunﬂhﬁlﬂﬁerﬁidﬁEﬁmﬂﬁﬁE iﬂhﬁi&ily prepaﬁ&daJySt is
brccur sor Ray Ay st cofhr tRy ¥ellatndy of e SFARRLHRI The toer
of the cat dlygstogesr ara c&&ratld;re o the catradiystorimhafhe eredwtdrapi ng
3\%@.@2} '122 8 S?nﬁromnent wildS e, @ﬁéé@%&'rﬁ%%% Fome
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of thermetadis,i Audtordf IGPRRRDN thd W axidatiommiates
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states will fall within the scope of this invention.

In the method of making the catalyst the reaction
conditions for the precipitation should be carefully
controlled. The temperature for the.précipitation is
preferably in the range of from 20 to 100 °C, preferably
from 50.to 85 °C, and the pH during the precipitation
process is maintained between 5.5 and 7.5, preferably
between 6.0 to 7.0 and more preferably, between 6.3 and
6.7. _ ' '

The precipitating agent may be. an alkali metal or an
ammonium carbonate solution. The precipitate thus
obtained is a mixture of carbonates, basic Carbonates,
oxides, hydrated oxides and hydrokides. The precipitate
is washed, preferabiy several times with water, aged,
reslyrried and then dried and calcined, preferably in air
at a: temperature of from 200 to less than 400 °C, with a

. temperature of 250 to 350 °C being preferred. It has been

established that calcining at a ﬁigher temperature yields
a catalyst of inferior properties.

The drying is carried out at a temperature sufficient
to remove the water. This step iS'convenientiy combined
with the calcination by a suitable ramping of the tem-
perature from room temperature slowly through the drying
temperature, then up to calcination temperature. The



are enployed is the oxide, although conpounds which are readily

converted to the oxide, e.g., the corresponding 5 net al car bonat es,
are also suitable initially enployed as these are copggiEposhdso t he
oxi de duri iy 3?’&14@& ment - . subsequent to the:formation of the
initially prepared catal yst conposition. Pretreatment of the
catalyst in hydrogen and oper at+ oh of the catalyst in the reaction
10 enviro_nent cause .at least. patrtial reducti,on of.so

of the metal &3 % SRR 0.0 W PR Gy BY Pe1I8tEng ¢

i nt ended tham:mhualgtsetssumet hlamn;sealrmmlimobs a bindsrates graphibel asithin
t he scope of n N, t nBk -
tdﬂ qaht™ Eﬂh@ Ode én thture h @E tF?rem {'atl hygﬁégﬁg be

catal yst the re ion "1 | ons for on

careful ly ContahﬂiRQ(ﬁﬂmaﬁphﬁﬁﬁtRﬁ&RﬁeﬁQn¥§¢oﬁst%ecﬁ¥%%Y§Ft§9lBﬁlpg

EBEI ersglgl %/ I rittcft% rlgd’.ﬁ{JﬁndgtHfagéHﬂ\?é) ﬁaé&o ﬁﬁét‘f%é&tﬁtﬂéﬁﬁ ei 8bh¥complishellr om
o err an uri e precipitatio rocess_is

mai nt ai ned béwt@ast‘é?% the c %]f)é?‘%\b‘l”yt tremt%elﬁygrggeg, 7°8 and

mor e pref er alyfy hytowsan Mixedirwiith an inérd. gas or dlluenﬁhatpaeteqm-t ating

agent may be an | i g¥§1 tion. The
pr eci pl tate tqﬁféqid&ae ré?%;ﬂgdl ne Ilso%. %SI)X% ure Of car onat es, é<’3.1J§1'II:IC
car bonat es, Eases farxi thess | agiyiciral ng oqa@etsnamreyun@ku@esnltneggnec| pitate

is washed, pry ég SEYES 'aﬁdrﬁﬁk¥ﬁ£§bm@$éfeoﬁged - reslurried

and t'hen drie cl ne refera In alr t enperat ure of
from 200 to Iess §4u§1pﬂﬁf§¥#q4(9m99 ¥W%Pt' an aq?%ﬂ%%r%?ﬁPElBF 980 to 350

[err] C bei ng gosbe&rF/ ¢ ez:hnétaﬂrdmmﬂsaﬁ&n saltssisbémphegleﬁhaPreaeeabllyg at a

hi gher tenperatu cat al nferiqr
The drying |5?§%ér?% ?RRP%E %3§E$€%Tafﬁ? ﬁ?F?t?En?ng 12ngﬁgf@nrermve t he
wat er. Thi s stifprate conveecemd | golwobonmedf alkali metalt be pzefenabilyn by a

Db oubn S o o uh Nt 5RatE 15 pPEBAEHGS &ﬁemeogbise@%gt 4@ slowy

t hr ough t he clnation tenperature.
The heated to a temperature of 20 to 85 °C and simultaneously

metered into the precipitation container at rates such
that the pH in the precipitation container is maintained
between 5.5 and 7.5. Additional water may be used either

20 initially in the precipitation container or added concur-
rently with the salt solution and precipitation solution.
The resulting precipitate is thoroughly washed, dried,
calcined at about 300 °C and activated in hydrogen at
temperatures ranging from 100 to 400 °c.

25 '~ In the process of the present invention, one or more
carboxylic esters is contacted and reacted with hydrogen
in' the presence of the above-described catalyst in a
reactor. The reactor may be a trickle bed reactor, fixed
bed gas-solid reactor, packed bubble column reactor,

30 continuously stirred tank reactoi or a slurry phase
reactor. The process may be carried out batchwise or in
continuous fashion. The reaction is carried out in a
predominantly liquid phase. As used herein, the term
"predominantly liquid phase" refers to a reaction in

35 which greater than 50%, and_approaching-loo% of the
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-7- ' calcined material is shaped, for exanple, by pelleting

under ing alumna as a binder, or graphite as g@ i cant . 3
The OX|d§ﬁiﬁiﬁﬁ¥E Is pretreated in a hydrogen- contZHRY? sphere

prior to use as a catalyst to brlng 5 it to its npst active state.
Pretreatnent is acconplished By gcontacting the catalyst with a

st ream of , f hydrog xed with an inert gas or
di | uent at Qég?g%‘aﬂ mqg‘turﬁer(gttgﬂeé’ ﬁ’@ P0G & dmddq didqudd Sui t abl e
di | uent phasegases for the activating gas mixture include nitrogen, 10

the nobl e gase?hénEleHb’EEBer%e}nﬁ%rrggures are 838&Falguyn&%a g &%%%um salts

enbodi ment, _an aqueQus SO Q
i s enpl oye@f EreReldll $o 250 °C, ypeefarabtypperthet rahge ofn€romtrate, and

Ianshanun1190 to 240t P@Q} €and HEE8NFPr& L) thaé @h% % ﬁgtgk eLoRr eferably,

m bg at repar ed e
heated tongBSeﬁﬁ ?gp ﬁ é% EﬁsgcheF?]EhﬁnﬁeéFﬁ%PPaﬁé@B§F§tureS:
metered i nib 1he1mpectpntatnoansumbathat %her%bﬁﬁe&ﬁ%hre does nitat the pH

th bt N between 5.5_and 7.5.
:ASdl t?oggfﬁaglt e(? 20 g&%é;‘%ﬁf%%e&égégr gh??n%?%l I%/ ithe RATALED t ati on
cont ai ner B8 adﬂégrééﬁéﬂrto unacceptebﬂbylewehsthEheakbas&huhlOn and
prﬁolpltatpeesgekeglaae t 1ca11§h§nfEﬁa'gggg DB?CEEbh?E% Hstéhoroughly

hed, dr .ne and™activated in
ﬁezrggen aig ‘bar gaPSﬁpé §PUFBS PQHgPﬁQGfroPrQGQrﬁblgoén &he] €ange

Intthe pr ooEssroh 2m26ptesgg?ega§f?tuqoo eaelsboﬂﬁéﬁg){naPﬁem%?gggﬁXL'gf {
fﬁee;EoLZ ggéggéggy 23a?§§trﬁﬂg§ of B&° 3425 5P 69n8 Pazcgons RAy be a
trickle betiort@@0opsifi xelperation at these low reaction pressures
15 is possible due to the high activity and selectivity of
the catalysts. The molar ratio of hydrogen to methyl
carboxylic ester in the process of the present invention
is in the range of from 20:1 to 700:1, preferably from
50:1 to 650:1, and more préférably, from 100:1 to 600:1.
20 ~ The process is generally carried out at a weight hourly
' space velocity (WHSV) in the range of from 0.1 hr_'1 to
5 hr~1l, preferably in the range of from 0.1 hr-l to
3 hr-l. The time period required for reaction will vary
according to the temperature used, the molar ratio of
25 hydrogen to carboxylic ester, and the partial pressure of
hydrogen. _

,The products produced by the present process include
fatty alcohols, (unreacted) wax esters, glycerol, traces
of paraffins and unreacted-estérs. The products are

30 typically separated by conventional means such as, for
example, distillation, extraction, filtration, crystalli-
sation, and the like. The desired fatty alcohol products
are then used in various applications, such as, for
example, detergents such as laundry powders, laundry

35 liquids, etc. and personal care products such as
shampoos, etc.



bed gas-solid reactor, packed bubble colum reactor, 30 conti nuously
stirred tank reactor or a slurry phase reactor. The process may be .
carried out batchwi se or in continuous fashion. The r | '

carri ed out Wh96414280 predomi nantly |iquid phase. As used lﬁ%’%‘#ﬁe
term "predom nantly liquid phase" refers to a reaction in 35

whi ch greater than 50% and approachlng-1©0%)of tﬁ¢i WO 96/ 14280
PCl / EP95/ 04380 S ) reaction
mxture (other tHaM %9&?’65%%? PE Fhe(REepeRt; grocess lspﬁ conver-

The reaction seamerateresgaeatéyptbahl;tlmehbe aboyt 80 mole &, fam@m 170 to

250 C frar 0.t 40 [ er , and
more pr of o aptePEoaPhInb 1008 [ BASEAOEn' TRE' cBrpoxy 1}t eslekic asilT
respect to th@5r§b€t$6heﬁéhﬁét3tt@eélCOhOlS: ii.e.irs gingaderarthano ensure

that the tenpgsahyie @lpeﬁnaoapproachln§590b%rrln.@ whled QERYIH Ures greater
than 250 [err] I ncreases to unacceptable

| evel s. The re%%%?ﬁﬁlgbgyn 1SpPBg§EFEQggr§°t§6ﬁ@§IF?|QQQI%9¥%QR$¥RﬁYfr(Nn
20.7 to follSWihgr sgpagat{dA0ofowaR0@sperd), iReal,emypliktyl the range

" the range BirifEals, SnitRiatd FERVRBLE) i orBUaEs pyso pelf o
Operation at adeaetagesréncthah preprodusessvery pusepadsioblod sdwd tho t he
hi gh ggtivi tyvafgi §s¢ve§éva§yoef paraffinst B¢ ¢RhalYeiy MW fgg)ﬁ oded | 0 Of

hydr ogen to ne ¥ carboxylic ester in the process o present
i nvention eed FAtiR8-range of from20:1 to 700:1, preferably from

50:1 to 65021, anindPher pagtenehyy, ofr eRe1pRoteke §80the selectivity
to linear alcochols, which ié'typically approaches 100%. .
The process also has an advantage in that the process
15 allows for the direct conversion of natural oils into

linear alcohols while producing very pure alcohols.

The ranges and-limitations provided in the present
specification and claims are those which are believed to
particularly point out and distinctly claim the present

20 invention. It is, however, understood that other ranges
and limitations which perform substantially the same
function in substantially the same manner to obtain the
same or substantially the same result are intended to be
within the scope of the present invention as defined by

25 the specification and claims. ' .

The invention is further described with reference to
the following examples, which are intended to illustrate
certain aspects of the invention, without limiting its
broader scope.

30 Illustrative Embodiments
Catalyst Preparation
Example 1 | ]

A solution of mixed nitrates, 96 grams (0.41 mole) of
cupric nitrate, 60 grams (0.2 mole)'zihc nitrate,

35 3.3 grams (0.008 mole) lanthanum nitrate in one litre of
water was heated to 85 °C and placed in a dish and fun-




200  The process is generally carried out at a weight hourly

space velocity (WHSV) in the range of fromO0.1 hr[err][err] to ' 5
hrierr]1, preferably in the range of fromO.1 hr[err][err] 3
hr[err]'[eﬂ? 96/14380 i e period required for reaction wll a'?%?'ms""‘”“
~according to the tenperature used, the nolar ratio of 25 hydr ogen to
carboxylic ester, and the partial pressife=-of hydr ogen.

The product %eqro :Jﬁdslyc‘HEPﬁ el_n%@) glless 4nc| ot 50 °C Jofm%%ffl ns and

al cohol s, (unreac wax ‘este
unr eact ed eﬁoéﬂ#l%@fprmmlsmammbnate ctf;/psuzﬁamlqaemtpaqwamthw to

convent i onabfmraﬁ %iﬁ'é)&:%sé‘ (Uver the m ecl agéég' Il 1 S d{(él{?act i on,

filtration, st a sation, The deS|r
al cohol pro tesa ed s"%%”@é’ﬂ#%d"iﬁ? \ParQWChmﬁlaimuibns such as,

for s 2@xmm1ﬂ;esdeioeragwseeiu@bmllra ry Jﬁ@f&%r&ﬁ \;@m

i quids, et % e | rodyct oosﬁﬁetc
WD 96/ 14280%'“} LA 1 Wat Bt s Sd“bc q:aé-:ﬁsEI-_sgﬁE '

-9- wereApdjlstehge @fs thoe madextenin rhec et 0f the mitbiere at

ion, i.e. { o hi
So0% baceq DOTH 2 SR d althay. S el flcion nadBGRT T 1O
al cohol s, i cempl@rt@ait dhe ipdMrTy was ggedlas ®5 dif fqypr2thatinur€00md As
usedoherei Nthen allowed @e 's‘é‘ttt\le Ia%w%%rhﬂd)@ ttJ.QnersEfIfif detddteaSihpcti vity

foll ow ng se at| n _of wax I S nyristate, which
are recycl e&l121 SR AR °ﬁ§sbelng flﬁ@v‘zﬁ%é’é& qlﬁ-%atTl'}Q pr oduces
very pure ahnabdl szawiddmates were then calcined at. 300 :°C for {

4 hours. The resulting oxide material was compressed

isostatically at 140 MPa (20,000 lbs) and then crushed
15 and sieved.

Example 2 : .

The catalyst preparatlon procedure for Example 1 was
followed, except that 3.47g (0.008 mole) cerous nitrate
was used in place of the lanthanuym nitrate.

20 Example 3 N |

The catalyst preparation procedure for Example 1 was
followed, except that 3.00g (0.008 mole) zirconyl nitrate
was used in place of the lanthanum nitrate.

Example 4 _ _

25 - The catalyst preparatlon procedure for Example 1 was
followed, except that 2.2g (0.009 mole) magnesium nitrate
hexahydrate was added to the nitrate salt solution.

ggle S o - _
A Cu/2n/ir catalyst was prepared as in Example 3, the

30 catalyst was then mixed with 10% by weight of Catapal D
' alumina (marketed by Vista Chemical - Corporatlon) and a
small amount of acetic acid as a peptlslng agent. The
mixture was mulled, then extruded and calcined as
described in Example 1.



10 very low | evel s of parafflné at relatively l'ow hydrogen to

feed rati os. Anot her advantage of the process is the selectivity
to Iinear which is typically approaches 100% phosagPCceSS
al so has a g&@@hﬁage in that. the process 15 al | ows forPt g:direéf
conversion of natural oils into | i near al cohol s while producing very
pure al cohol s. The ranges andllimitati:ons provided in the

pr esent Exam pgcgflcatfén and clainms are thosé which are believed to
particularly—pugar—uut and distinctly claimthe present 20 i nventi on.

It is, however, Th%ie?%li@bnﬂhﬁ%eﬁaﬁéglpangwcedure ferd Examplgt ilowaswhi ch

per form SUbe@leﬁédﬁ)’ &R€ep@Mehat 120gf quBBOﬁouQSw%b%tﬂ diltrate sanme
manner to obtain t subst ant i ame reg&!t are

i nt ended to $@S usds, ﬁP?hFHetﬂengéﬁﬂgmoplﬁﬁé%ﬁré§eﬁF iﬁﬁ&ﬁ: Mas defined
by 255 th2.8ge¢0fBcmbles) aallumiaimm nitrate nonah¥heratevention is

further desc&:pggvgg ?eggiﬁ&ence to t he. fol l-owi ng exanpl es, which
are intende certain aspects of the invention,

wi t hout I|n1t|ngThescatalytlcbtgaﬂéngsvépecoaductedlnnugttdprm@lEnbodlnents
Cat al yst PrePéBéié@Bry scale Eé@EEb? lThe reactor tfipeohidll g%@gfg m xed

nitrates, 96 grans (0741 cupric nitrate, (0.2
nol e) zinc nFPREFEUCESd of 3é 35§P&ﬁ§e§§ 6@89%DP§F Lesdnsdednenitrate in one
l'itregof thermyRédl . Weheheabedhtd 3h betefCdiatepleaced 20152 cti sh and

LgQ;EP95/043éb incﬁx)ggélé%Saner diameter of 1.5 cm (0.6 inches). An
equal volume of silicon carbide, (60-80 mesh) was mixed
with 20.00 g of catalyst and centred in the reactor tube
between two beds of enough 20 mesh silicon carbide to

15 fill the reactor. The silicon carbide was used as a
diluent. The reactor tube was placed in a four-zone
furnace equipped with controlling thermocouples and its
fittings were tightened. A multi-point thermocouple was
inserted in to the thermowell to .allow precise monitoring

20 of the temperatures inside the reactor tube.

The catalyst was reduced by initiating a 10.0 L/Hr
flow of approximate 5% hydrogen in nitrogen at a unit
pressure of 9.3 bar g (135 psig). The reactor was heated
at a rate of 60 °C/Hr to 200 °C. The catalyst was held at

25 200 °C for 17 hours. While maintaining the same flow
rate, the catalyst was next reduced with hydrogen for an
additional 8 hours.

After reduction, the unit pressure was raised to the
desired pressure, (e.g. 41.4 bar g) by adjusting a back

30 ~ pressure regulator. The hydrogen'flow was adjusted to the
desired flow rate. The reactor temperature was adjusted
to the desired setpoint and the catalyst bed temperatures
were allowed to eQuilibrate before the feed was intro-
duced at the desired feed rate. The feed was stored under

35 nitrogen and, if necessary, heated to a temperature above
its melting point before being pumped to the reactor



- 10 - nel. In a second funnel was placed a hot 50 [err]C 1 nol ar

sol ution of ammoni um carbonate of sufficient quantity to provi de an
excess over the netal nitrates. Two sol utions ver e pefiefosodsse

si mul t and¥QH428%er a period of about 5 20 mnutes to a vessel
containing 1 litre of vigorously sti rred distilled water at 65
[err]C. The rates of addition Wer ¢ adj usted so as to maintain the

pH of the c}%‘%&{{cﬂn Heated lns@%%@ pt ﬁgé'afotPnQQPétpﬁgﬁerAEESﬁ the

addi ti on ha e slurry was aged at 85[err]Cfor 20
m nutes andfymical OREFﬂ’eﬁltJdWcﬁ@éFl%%)l%%?H%"%ﬁ l%%ﬁ‘édwﬁr?rrres by

decagt ati grtemperatu@é@l dﬁSiwxz'smgwﬂfug%svb@fnq iitbebepennHodr} ed. TQﬁ

m xed carbonates we en_calcine urs. e
resulting d%Q% ‘i‘?‘?%ﬁnvﬁ% %%7€%€]tédra9£°s J’g é‘f’ﬁ??capﬁ 3{18140 MPa
(20,900 Ibs:)omm.t fmmdcmmsheplréssures betwservid, 8 138 barEgartgfe 2

The cat al yst r | owed,
except that %Qﬁ@té 8‘5%%@ j(::léegoég tﬁ?af?é& &n&%ro%gta;gé?é El ace of
t he | ant haramalvsedtky Q@o R, BRmMess Spectroscopy-mgdcgi.gqngg{:a

prepar at i on,pr peeosr e for Exanple 1 was foI | owed, except t hat 3. 00g
(0.008 nol (raé ZI rconyl aé% %ﬁ I ace Fe | ant hanum
nitrate. Th v hydrogenghio IE’:a‘?gll 9% eplF‘%B 8Flr3rocedure

f orj dexanpl edéca\@@ate (meth?blmpmbsltaw):earetbhbwﬁ 2y T8bDE%1moTbe magnesi um

t t h d t t
Bamal o 5 resulfS EOXBEaU85a A0 ToE PcbOBNL 621 T SfibloRehtl tﬁ? 3. the
30 cateayalysisof hBvampkedd i @heleh@w;: ml '@ﬁblngCaThﬁaFe@l ts |
al um na (”afgftﬁgdf’é( Yhst fothe s ﬁﬁfe@ﬁ@?éé&b?ﬂ) t@Pfadecanocate small anount

of acetic acrd eptisin %/as mul | ed, t-hen

ext ruded anémté}%ﬂﬁbdmlﬂ%mtageh GEEE?YbEE Fheeﬁaﬁﬁixﬂ

15 Example 1, are shown in Table 3.
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- 11 - Exanpl e 6 The catal yst preparation procedure for
Exampl e 1 was fol |l oned, except that 120g (0.55 nol es)cﬁgﬂgm;,galtrate
was used, W@ 8614380 | ant hanum nitrate as replaced with 5 2.y (0.3
mol es) aluminiumnitrate nonahydrate. - 13 - Catalyst Testlng
The catal ytic testing was conducted in a typical | aboratory scal e
reactor. The reactor tube used was constructed of 316 stainless
steel and included a 10 thermowel | . The tube had an outer dianeter of
2.5 cm (1 inch) and an inner dianeter of 1.5 cm (0.6 inches). An
equal volune of silicon carbide, (60-80 nmesh) was m xed with 20.00
g of catalyst and centred in the reactor tube bet ween two beds of
enough 20 mesh silicon carbide to 15 fill the reactor. The silicon
carbi de was used as a ~diluent. The reactor tube was placed in a
four-zone furnace equi pped with controlling thernocouples and its
fittings were tightened. A nmulti-point thernocouple was inserted in
to the thernmowell to allow precise nonitoring 20 of the tenperatures
i nside the reactor tube. The catal yst was reduced by initiating
a 10.0 L/ Hr fl ow of approximate 5% hydrogen in nitrogen at a unit
pressure of 9.3 bar (1 5 psig)]. The r¢actor whas Jheat ed at arate
of 60 CHr to 20)3-er The cgtalyst was| hel df at] 25 200 |[err]C for
17 hours. Wil e & nEai nj ng the [sape fl ¢w rate,| t he catfal yst was
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desired pressure, (e.g. 41.4 bar g) by adjusting a back 30 pressure
regul ator. The hydrogen flow was adjusted to the desired flow rate.
The reactor tenperature was adj usted to the desired & t and

t he cat a‘lV9§6’11?énE t enper at ur es were allowed to equb$F ’%fga"ﬁ‘g @ef ore
the feed was intro- duced at_-tfge-desired feed rate. The feed was
stored under 35 nitrogen and, if necessary, heated to a tenperature
above : its melting point before being punped to the reactor

WD 96/ 14280 PCT/ EP95/ 04380

- 12 - t hrough heated insulated lines to insure proper flow.

Typi cal operating conditions investigated were; t enper at ures of
150-260 [err]C, WHSV of 0.1 to 5 per hour; : nol ar hydrogen to
feedstock ratios of between 20:1 and 5 1000:1; and unit pressures

bet wéen 13.8 138 bar g (200 ~and 2000 psig). Sanmples of the feed and
products were . anal ysed by GC, NWVR, IR, Mass Spectroscopy and

el enent al anal ysi s. The results for hydrogenation of
pure nethyl tetra- 10 decanoate (nmethyl nyristate) are shown in Table
1. The results for hydrogenation of coconut oil, enploying the
catal yst of Exanple 4, are shown in Table 2. The results for

hydr ogenati on of pure tetr@adecyr—getT Pnoat (nyristyl
nyristate), enploying the |cgfallyst of .15 Exanpl e 1, are shown in Table
3. :
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4.7
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TABLE 2
Product Yield (%wt)
Time Temp. Ho:Feed Cg-Cis Heavy
(hrs.) (°C) (molar) Linear Products
' Alcohols
1505-1603 215.6 335:1 87.6 12.4
1627-1653 226.7 335:1 92.9 7.1
1673-1777 226.7 '523:1 96.6 3.4
1802-1970 215.6 523:1 89.2 10.8
1994-2428 221.1 523:1 94.9 5.1
TABLE 3
Temperature Hz:Feed WHSV Conversion | Selectivity
(°C) (molar) (% m) ($ m)
215.6 250:1 | 0.15. 83.0 98.7
585:1 0.15. 95.2 98.7
226.7 250:1 0.151 86.3 97.1
- 585:1 0.151 99.3 97.0

As can be seen in Table 1 the present process results
in conversions greater than 97 mole % and product puri-
ties (of alcohol) greater than 95 mole %. It can also be
seen that the product yields of alcohol are greater than

5 95 mole %, and that the paraffin make is less than 2 mole
%. As can be seen in Table 2, the present process results
in product yields of linear alcohols which are greater
than 85 %wt. As can be seen in Table.3, the present
process results in conversions gfeater than 80 mole% and

10 selectivities greater than 95 mole %. It can also be seen
than 95 mole %. It can also be seen that conversion is
dependént on Hp:Feed ratio and selectivity is lower at
higher temperatures. Both conversion and selectivity
approach 100 mole% at suitable conditions.
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CLAIMS

1. A hydrogenation catalet comprising é copper
compound, a zinc'éompound and at least one cbmpound
selected from the group consisting of aluminium,
zirconium, magnesium, a rare earth and mixtures thereof,
. prepared by calcining these compounds at a temperatufe in
the range of 200 to less than 400 °C.
2. A catalyst as claimed in claim 1, wherein prior to
the calcining, these compounds are precipitated at a
temperature in the range of 20 to 100 °C and a pH between
5.5 and 7.5.
3. A catalyst as claimed in claims 1 or 2, wherein said
catalyst is prepared by ca1c1n1ng these compounds at a
temperature in the range of 250 to 350 °C.
4. A catalyst as claimed in any one of claims 1 to 3,
wherein said catalyst contains copper in the range of
from 10 to 80 percent by weight, calculated as the oxide,
based on the total weight of the catalyst.
5. A catalyst as claimed in any one of claims 1 to ¢4,
wherein said catalyst contains zinc in the range of from
10 to 80 percent by weight, calculated as the oxide,
based on the total weight of the catalyst.
6. A catalyst as claimed in .any one of claims 1 to 5,
wherern said catalyst comprlses at least one rare earth
compound. T
7. A catalyst as claimed in claim 6, wherein said
- catalyst contains a rare earth in the range of from 0.1
to 20 percent by weight,'calculated as the oxide, based
on the total weight of the catalyst.
8. A procéss for the direct hydrogenation of carboxylic
esters which comprises contacting and reacting-one or
more esters with hydrogen under predominantly liquid

Thls Sheet Has Been Rei
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TABLE 2 REPLACED Product Yield (%)

Ti me Tenp. H2: Feed gerr]- 91 Heavy (hrs.)

([err]O (ol ar) - Li hear Products

Al cohol s pha§éﬂﬁydiﬁ§bnat1dd5céhd1tlon$35n1the pre8énée of a 12.4

1627-1653 2§a2€alyst a§6§gasin]red in %rgi 8ne of clafmll to 7. 1673-1777

226. 7 . A process as claimed in claim 8, wherein said ester
is a detergent range methyl ester, a triglyceride, or a
5 wax ester. '
10. A process as claimed in any one of claims 8 or 9,
wherein said proceSs is carried out at a temperature in
the range of from 170 to 250 °C and a pressure in the
range of from 20.7 to 138 bar gauge.

‘L 0 O
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§18_2-1§70 215.6 523:1 89.2 10. 8 1994- 2428
0221.1 523:1 94.9 5.1

TABLE 3 Tenperature H2: Feed VWHSV COnverS|on SelecL|V|ty
([err] O (rmol ar) : (% m {%Mé‘ S, 215k s

- 250: 1 0.15 83.0 | 98. 7 - 58571 0.15
195, 2 98. 7 226. 7 250: 1 0. 151 82:3

197.1 585: 1 0. 151 99. 3 9

“As can be seen in Table 1 the present process results i n conversions
greater than 97 ”@FR}&QS”EE‘% %'%I‘I'ARH@T FOR, THE P‘Iﬁ%: g[ FB&ER%\QIQ&EBFH
than 95 nole % It can al so t hat

al cohol are greater than 5 95 n€$%3@6YhE@ E$ERR$he paraffln make is

| ess than 2 nole % As can be seen in Table 2, the present process
results I n duct ds o] near,_ al cohol s mhlch are greater
‘than 85 %M. As canpéglgeé *35I5egat?%e PrafFfcess and ﬁﬁ?éi%ﬁ? It s

in conversions gthatdanhanhgdrqgén&taau 4p carboxplbcteauér§3ugu£ater t han

Chat conversi on PReioniaintEgi1iquld phdBlaid D Sedbaldot il illy X"

| oner at CRPER&EY CP@QQEF@E uResingocomponver skuh mdlmneoqneﬂ ty
approach 400 nol e¥mpbuslli Eabkere@ngibhOPRe group consisting of aluminium,

zirconium, magnesium, a rare earth and mixtures thereof.
The hydrogenation of carboxylic acids and carboxylic
esters to alcohols is known in the art, and wvarious
methods and catalysts have been suggested for effecting
10 - the hydrogenation. A commonly practised method involves
the use of a copper-chromite-based hydrogenation cata-
lyst. While copper chromite catalysts are successful and
commercially available, the disposal of the spent copper
chromite catalyst is a problem since chromium can exist
15 in different oxidation states. Some of these oxidation
states are reported to be toxic to humans.
From DE-A 42 06 750, US-A-5,334,779 and
EP-A 0 434 062 catalysts and the use thereof in the
hydrogenation of carboxylic esters are known. These
20 catalysts are based on oxides of copper, zinc, and a
third element selected from the group consisting of alu-
minium, magnesium, zirconium and mixtures thereof.
According to DE-A 42 06 750, the temperature at which
the catalyst is calcined is between 250 and 450 °C, and

25 the pressure under which the hydrogenation reaction is to
be performed is between 18-35 MPa (equals 181-351 bar
gauge) .

According to US-A-5,334,779 the catalysts are
prepared by calcining a precipitate of the (intermediate)

30 - catalyst components at temperatures in the range of 400
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- 16 - " CLAI MS 1. A
hydrogenation catal yst conprising a copper. conpound, 1a zinc
conpound and at | east one conpound sel ected fromthe group

consi sting of alum nium zi rconi um? nagnesi um a rare earth and

m xtures thereo ° L cining these co unds_ at
temperature in to 630 Fheﬁ§§%g§9bfg§6%°?%9 é& SIS 4dd 18 YREST Part 2.

A catal yst as cPii FBE bresburen Tangkepfi 68 prd ok7Q doar absoluttes, amlgini ng,
these corrpoundslggebgggm Qkéaé’éﬂlﬁtré‘qulre% %o{' %%dﬂa@o]’.é‘ até}g.vfl e of

20 to 100 [err]C and a pH between
catal yst as cl aFaEaLlYAtEl BAVENG 8rwideneperating gvindow, aldawingst is

prepar eds by cal giyarBgehB€$6nCLREPLERES ﬁi‘e@sures hené@rmﬁﬂ”&eéﬂéﬂl% range

of 250 to 350 [err] a aimed in a one f clalns
1to 3, 15 mherg%ﬁoggfﬂgcﬁ?aFégg é %% %@f %ﬁﬁmﬁeW9?¥?ﬁ¥
from10 to 80 peheenttblysei jht catained aiedoctswedre abxouwte,300 and aﬂﬁuﬁﬂj on

the total me'gh%saf°Eh§nﬁaEﬁLyéﬁessure un%écata @ﬂaéﬂét¥éﬁié§éﬂggioﬂlq any

one of clains 1t , ern sai ysSt con zinc in
range of from 2@eactionpigotgobpepesfiorngdwis ghroadly ceetwesh 20¢he OXIde

based ofpthe tobabowekaht (ahube €8talysé . bar gaug ef; zé‘ow‘@&éé tphas cl ai med
in any one of clainms 1 to 5, wher ei cat%ﬁgst conprlses at

| east one rare S9FBpent SPeClgbﬁﬁthﬂt She hygrqgenéF ASARILIERN Haf e i n
claim 6, wherei bespettformed incehal yapouonphass.a rare earth in the range

of fromo0.1 The present invention provides a process for the

direct hydrogenation of carboxylic esters which comprises

15 contacting and reacting one or more esters with hydrogen
in the presence of a hydrogenation catalyst comprising as
its components a copper compound, a zinc compound and at
least one compound selected from the group consisting of
aluminium, zirconium, magnesium, a rare earth and

20 mixtures thereof, the catalyst having been prepared by
calcining said components at a temperature in the range
of from 200 to less than 400 °C, characterized in that
the process is carried out in the liquid phase at a
temperature in the range of from 170 to 250 °C and a

25 pressure in the range of from 20.7 to 138 bar gauge.

The present invention relates to a process for the
direct hydrogenation of carboxylic esters to form fatty
alcohols. Suitable carboxylic ester comprise (i) deter-

' gent range methyl esters, (ii) triglycerides and (iii)
30 wax esters.

As used herein, the term "detergent range methyl
esters" refers to compounds, typically Cg to Cgo
compounds, which have been produced by ester exchange of
natural oils, such as coconut oil, rape seed oil, and

35 palm oils. Examples of detergent range methyl esters
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to 20 percent by weight, cal cul ated as the oxide, based on the

total weight of the catal yst. 8.. A process for the direct,
hydrogenati on of carboxylic 30 esters which conpri:ses contaeting and
reacting one or nmore esters with hydrogen under pnedominaﬁtly
liquid WD 96/ 14280 - / EP95/ 04380

- 17 - phase, hydrogenati on conditions.in the presence of .a

catal yst as cl atet ?1@éﬁ%éﬁmﬁ%ﬁa99§£qn§ﬁqﬁyy. Capé%teé! Re5%3&e9§d§§
clained in cl ai caioatvde(metrhyrhi hwesttey) , methyls tatdedecgavatearge tinythy |
ester, atrigly | ]ﬂa% as clainmed
I n any one of crﬁglﬂr'r%t’e%t%{’ &&hyl gega‘g{cgé:led (pt)nreé%lglslséiag'ﬁggﬁii%%d out at a
t enperature i n methyltéoetadecanests r oatind tsezmmyednr PocaMetaydr essure in

the 5 ange,Qf 186083 d e3P Roefralige.

As used herein, the term "triglycerides" refers to.
natural triglycerides, typically Cg to Cgg compounds,
which occur-as oils and fats in plants and animals.
Examples of triglycerides which can be used as starting

10 -materials in the process of the present invention include
natural oils, including genetically engineered oils, such
as, for example, palm kernel oil, coconut oil, rape seed
oil, tallow, and palm oil, and vegetable oils, such as,
for example, soybean oil, safflower oil, canola oil, corn

15 oil, peanut oil.
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