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Abstract

The hydrogenation of methyl-9-octadecenoate (methyl oleate) into 9-octadecen-1-ol (oleyl alcohol) was carried out in the
presence of Ru-Sn-B /Al,O, catalysts at 8.0 MPa and 270°C. The selectivity to unsaturated alcohol (oleyl alcohol) was
enhanced significantly by adding tin to ruthenium and reducing the catalyst by a published procedure. But our work showed
that a transesterification reaction between methyl oleate and oleyl alcohol (initially formed) not reported in previous works
occurred rapidly giving oleyl oleate. This ester was then transformed into oleyl alcohol at a higher conversion of methyl
oleate. The result was that the formation of oleyl oleate which occurred on tin species decreased the selectivity of

unsaturated alcohol.
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1. Introduction

Unsaturated alcohols are generally obtained
by the reduction of carbonyl compounds with
stoichiometric amounts of reducing agents such
as hydrides (LiAlH,, NaBH,, ...) or with other
specific reagents such as aluminium isopropox-
ide (Merwein—Pondorf—Verley reaction). The
heterogeneous catalytic hydrogenation is a more
attractive pathway but the regioselectivity of the
process must be controlled. Bulk or supported
monometallic catalysts like Raney nickel or Pt
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(Pd) /Al,0; are the solids used more usually in
the hydrogenation of olefinic bonds [1]. On the
other hand, the selective hydrogenation of a, 8
unsaturated carbonyl compounds requires more
complex catalytic systems. A second transition
metal (bimetallic catalysts) or a promoter
(pseudo-metal) are added to the above-men-
tioned catalysts in order to enhance the hydro-
genation of the C=0 bond. In earlier works, in
order to propose new types of selective catalysts
the hydrogenation of cinnamaldehyde into cin-
namic alcohol has been often chosen as a model
reaction [2].

For the selective hydrogenation of esters into
alcohols, the aim of our work, the carbonyl
group of esters is less reactive than that of
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ketones and aldehydes; this difference of reac-
tivity is due to the weak polarisability and the
intrinsic steric hindrance of the C=0 bond of
esters. As a result the hydrogenation of esters
into alcohols must be performed under severe
reaction conditions (temperature and pressure)
even in the presence of solid catalysts like
copper chromites [3]. Indeed, the hydrogenation
reaction is carried out in the presence of these
materials at a temperature of 250-300°C and a
hydrogen pressure of 20-35 MPa.

In our work we have studied the selective
hydrogenation of methyl oleate into oleyl alco-
hol (Scheme 1). But it can be remarked from
the reaction scheme that two primary com-
pounds (oleyl alcohol and methyl stearate (steps
1 and 3) can be obtained from methyl oleate.
Moreover the consecutive hydrogenation of
these two compounds may occur and form the
saturated alcohol (stearyl alcohol) (steps 2 and
4). Side-products (hydrocarbons) resulting from
the hydrogenolysis of the carbon-oxygen and
carbon—carbon bonds could be also obtained.

From this scheme it can be seen that the first
competitive adsorption steps of the methyl oleate
either with C=C bond or with C=0 bond will
govern the whole regioselectivity of the process.

Zinc chromite catalysts are often used for the
preparation of unsaturated alcohols but only at
high pressure and temperature [4]. Therefore it
is important to find new catalysts which carry
out the reaction at lower temperature and pres-
sure. It has been shown recently that transition
metals promoted with another metal or with a
specific oxide catalyze the hydrogenation of

esters at a lower hydrogen pressure than the one
required with copper (or zinc) chromite sys-
tems. The modifier is added in two different
ways: (1) coimpregnation or (2) reaction of an
organometallic precursor with a transition metal
predispersed on a support. Basset et al. prepared
Rh—Sn, Ni-Sn and Ru—Sn from the reaction of
tetrabutyltin with the corresponding metals and
used them in the selective transformation of
ethyl acetate into ethanol [5]. Nevertheless these
solids are not selective in the formation of oleyl
alcohol from methyl oleate. Indeed when the
reaction is carried out at 5 MPa and 270°C the
main product formed is stearyl alcohol [6-8].

On the other hand Narasimhan et al. claimed
that in the presence of a Ru-Sn-B /alumina
catalyst, selectivity of 80% to oleyl alcohol is
obtained at high conversion (80%) of methyl
oleate at a temperature of 270°C and a pressure
of 4.5 MPa [10]. Such catalysts are prepared
from the impregnation of chlorides (RuCl, and
SnCl,) on alumina and reduction of these pre-
cursors with sodium borohydride. The authors
proposed that the active centers are zerovalent
ruthenium particles in interaction with tin
oxide(s) acting as Lewis acid centers involved
in the activation of the carbonyl group [11].
Moreover the hydrogenation of the olefinic bond
would be inhibited by a local increase of the
electronic state density of ruthenium particles
close to tin species. It was also suggested that
boron species could interact with ruthenium
(with the formation of ruthenium boride Ru,B)
which would favour the specific activation of
the hydrogen in ‘hydride form’. Nevertheless
the role of boron in the catalytic hydrogenation
was in contradiction with what Mizukami et al.
reported recently. They obtained a yield of about
80% to oleyl alcohol from the hydrogenation of
oleic acid in the presence of a Ru—Sn/alumina
catalyst prepared by a sol—gel method [12] with-
out boron species.

In this paper we report results obtained in the
hydrogenation of methyl oleate in the presence
of Ru/Al,O; catalysts modified with tin and /or
boron species.
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2. Experimental
2.1. Catalytic test

The hydrogenation was carried out in a stain-
less steel batch reactor (300 ml). The reagent
(methyl oleate) with the catalyst (suspension)
was introduced into the reactor, purged (4 times)
with nitrogen at 5 MPa under continuous stir-
ring. The temperature then was slowly increased
up to 270°C at constant pressure (5 MPa) and
then nitrogen was substituted for hydrogen; the
pressure (8 MPa) being maintained during the
reaction.

2.2, Analysis

Liquid samples were mixed with dodecane
and analyzed by 2 GPC equipped with FID.
Light esters, alcohols, fatty acids and hydrocar-
bons were analyzed on a SGE BP20 column.
Long chain esters (from transesterification) were
separated on a CPSIL 5 column. All the prod-
ucts were identified from GC-MS coupling.

2.3. Catalysts preparation

All the solids were prepared by coimpregna-
tion of the support (Al,0, GFSC from Rhone
Poulenc, area 200 m* g~ ') with RuCl, and
SnCl, according to the method described by
Narasimhan et al. [9]. After the impregnation
step (12 h), the metallic precursors were re-
duced with an aqueous solution of sodium boro-
hydride. Then the solids were filtered, washed

Table 1

Influence of boron on the activity and selectivity of Ru/Al,O; catalysts

with water and ethanol and dried at 80°C under
nitrogen for 4 h. Before use catalysts were
reduced with hydrogen at 400°C and passivated
with air at room temperature.

3. Results
3.1. Hydrogenation of methyl oleate

3.1.1. Influence of boron on Ru / Al,O; catalyst

In order to determine the effect of boron, two
catalysts were prepared and compared; the first
was a ruthenium catalyst prepared as described
above and the second was reduced with hydro-
gen alone.

Results presented in Table 1 show that ruthe-
nium catalysts are selective in the hydrogena-
tion of the olefinic bond producing saturated
ester (methyl stearate) with a selectivity of 70%
without formation of alcohols. Moreover one
can notice that the reduction with NaBH, sup-
presses the induction period (in situ reduction)
and modifies the selectivity. Indeed the catalyst
resulting from the sodium borohydride reduc-
tion is more selective towards saturated ester
with a lower formation of hydrocarbons and
acids resulting from hydrogenolysis reactions.
Acids, some of the primary products of the ester
conversion, are formed from the hydrogenolysis
of the O—CH, bond in accord with previous
results reported by Basset et al. and Zdrazil et
al. These authors clearly proved that acetic acid
was formed during the hydrogenation of ethyl
acetate in the presence of Ru-Sn/SiO, [13]

Catalyst Conversion Time Selectivity (%)

(wt %) (%) (h) Alcohols Saturated ester Hydrogenolysis Acids

Ru, 9 1 - 85.5 - 14.5
98.5 2 - 73 55 21.5

Ru, ,By 87.5 1 - 100 - -
99.5 2 = 89 - 10.5

T =270°C, P =80 bar, catalyst weight = 2.2 g, molar ratio H, /ester = 1.5, P = 8.0 MPa.
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(Sn/Ru=0.1) and Rh/C [14] catalysts and
proposed that CH, was formed simultaneously
(reaction 2).

RCO,CH, + H, —» RCO,H + CH, (2)

The inhibition of this reaction when the cata-
lyst is reduced with NaBH, could result from a
change of the metal particle morphology and of
the metal particle size. It is well known that,
according to classification proposed by Boudart,
hydrogenolysis reactions are demanding reac-
tions [15].

3.1.2. Effect of tin on a Ru / Al,O; catalyst

For the preparation of catalysts with a vari-
able tin content, the molar ratio [NaBH , /(Ru +
Sn)] was maintained equal to 7 X 10~2. There-
fore, when the concentration of the reducing
agent was important (i.e. Table 2, catalyst corre-
sponding to a Sn/Ru of 3.7), some of the
ruthenium and tin impregnated in alumina was
redissolved in the solution. This phenomenon
could explain why with such catalysts, the
ruthenium and tin contents are lower than the
required ones (ruthenium: 1.6 instead of 2%,
tin: 7.0 instead of 9.4%).

The results reported in Table 2 show the
influence of the Sn content on the catalytic
properties of a ruthenium catalyst reduced with
NaBH, [9]. It can be observed that the addition
of tin decreases the activity of the Ru-B /Al, O,

Table 2

50 +
SnRu=4
)

2
/}/’r‘
- 0
°© % s %
Conversion (%)

25 +

Selectivity (%)

Fig. 1. Influence of the tin content on the selectivity to oleyl
alcohol.

catalyst. On the other hand, oleyl alcohol is
formed and its selectivity increases with Sn
content when the Sn/Ru ratio varies between 0
and 2 (Fig. 1).

In accord with previous works reported in the
literature, the addition of Sn to Ru catalysts
inhibits the adsorption of olefinic bond and
favors the activation of the carbonyl group.
Moreover the decrease of the hydrogenation rate
is the result of the inhibition of the hydrogen
adsorption by the partial coverage of Ru parti-
cles with Sn species [18]. A similar result, the
decrease of both the hydrogenation and hy-
drogenolysis properties, was observed after ad-
dition of Sn to Pt catalysts [16].

R,CO,CH, + R,0H — R,CO,R, + CH,OH
3)

Influence of the tin content on the activity and the selectivity of Ru~Sn-B /Al,O; catalyst

Catalyst * Ru, ¢Bg; Ru, 5Sn, 5By
Sn/Ru (atomic) 0 1.2
Activity ® (mol/gg, X h) 2.4 0.7
Selectivity (%) to:

unsat. alcohol - 14

sat. alcohol 1 13.5

sat. ester 86 11

heavy esters - 58.5

others ° 13 3

Ru,,Sn5 5B, Ru, (Sn; By s Narasimhan [9]
2.1 3.7 2
1.1 1.4 conv. 80%
40 38.5 75.5
4 5 15
- 1 ?
55 525 ?
1 3 10 ¢

T=270°C, P = 80 bar, catalyst weight = 2.2 g, molar ratio H, /ester = 1.5 P = 8.0 MPa.

* wt% supported on alumina.

® Conversion ca. 70%.

¢ Hydrocarbons, ‘light esters’, fatty acids.
d ‘light esters’ and saturated ester.
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Fig. 2. Influence of the tin content on the selectivity to heavy
esters.

From results presented in Fig. 1, a selectivity to
oleyl alcohol of 50% was obtained with a Ru—
Sn-B /Al,O; catalyst in which the Sn /Ru ratio
was between 2 and 4. However Narasimhan et
al. did not mention the formation of ‘heavy
esters’ (transesterification between methyl oleate
with alcohols formed from the hydrogenation)
(reaction 3) and it could be possible that these
compounds were not analyzed with the analyti-
cal procedures described in their experimental
part [10]. In agreement with this statement, a
similar selectivity value is obtained (70-80%) if
these esters compounds are omitted. In our ex-
periments the identification of these compounds
by GC-MS showed that the main product was
oleyl oleate (C;H,,CO,C ;H,5). Moreover the
important selectivity of oleyl oleate at the be-
ginning of the experiment demonstrated that the
transesterification reaction was rapid whatever
the tin content (Fig. 2). In organic chemistry it
is well known that such reactions are performed
with homogeneous acid or base catalysts. In
these experiments therefore the transesterifica-
tion could involve the support of the catalyst
(alumina) and /or tin species; tin chloride or tin
oxides are often used as promoters of transester-
ification catalysts [17]. It appears also from
results reported in Fig. 3 that the selectivity to
heavy esters decreases slowly with reaction time
with a simultaneous formation of oley! alcohol
(reaction 4).

2H,

2 (Csﬂlﬁﬂﬁﬁﬂzo}l

(4)

(Cs*h;;(}fﬂz)ﬁoz((:}{z;\(csﬂn)

75

so -+
Sn/Ru = 3,7

Oleyl Aicohol

Selectivity (%)

Time (h)

Fig. 3. Selectivity to heavy esters and unsaturated alcohol with
reaction fime in the presence of a Ru-Sn-alumina catalyst
(Sn/Ru=3.7).

3.2. Reaction of methyl oleate with stearyl alco-
hol (transesterification)

In order to obtain further information con-
cerning the sites of the catalysts involved in the
transesterification, we have studied the reaction
between stearyl alcohol and methyl oleate (reac-
tion 5) in the presence of alumina or SnO -~
alumina which was obtained from the impregna-
tion of SnCl, on alumina (dried in air oven at
100°C) and reduced with hydrogen at 400°C for
12 h. The reaction was carried out in the ab-
sence of hydrogen in the same reactor as the

one for hydrogenation of methyl oleate.
CHy(CH)70H

(Csﬂxf(}fﬂz)ﬁoz(Cﬂz)rﬂH:

(5)

The results presented in Table 3 show that Sn
species are important for the transesterification
reaction which does not occur on alumina. Thus
we can conclude that during methyl oleate hy-
drogenation Sn species added as a promoter of
Ru for the selective hydrogenation of methyi

(CsHl;)c?Cﬂz)ﬂoszh

Table 3

Study of the transesterification of methyl oleate by stearyl alcohol
Catalyst * Time (h) Heavy esters (wt %)

without 3 ~

alumina 3 -

Sn/alumina ° 1 325

T = 270°C, pressure N, = 3 MPa, molar ratio ester /alcohol = 1.5.
 Catalyst weight =2.2 g.
® Catalyst weight = 0.9 g (Sn, 5 wt%).
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oleate into oleyl alcohol act also as a promoter
in the transesterification of methyl oleate with
oleyl alcohol into oleyl oleate.

4. Conclusion

In this work the hydrogenation of methyl
oleate into oleyl alcohol has been performed in
the presence of Ru/alumina catalysts modified
with Sn and B species. When the atomic ratio
Sn/Ru is between 2 and 4, a selectivity of
about 50% to oleyl alcohol (at quite a complete
conversion) is obtained.

Nevertheless the unsaturated alcohol yield is
lower than the one proposed in previous works
because of the formation of heavy esters (oleyl
oleate). This ester is formed rapidly from methyl
oleate and oleyl alcohol and then retransformed
into oleyl alcohol at a higher conversion of
methyl oleate. This side reaction has not been
clearly mentioned in the literature, and could be
due to tin species dispersed on the alumina.
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