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Abstract The liquid-phase soybean oil hydrogenation
was studied on silica-supported Cu and ternary Cu—Zn-Al
catalysts. Cu/SiO, samples were prepared by incipient-
wetness impregnation (Cu/SiO,-Imp) and chemisorption-
hydrolysis (Cu/SiO,-CH), while two Cu—Zn—Al mixed
oxides containing 8 (Cu(8)-Zn—Al) and 15 % Cu (Cu(15)—
Zn-Al), respectively, were prepared by coprecipitation.
Copper dispersion (Dc,) was 23 % on Cu/SiO,-CH, and
this sample showed a high activity for soybean oil hydro-
genation; in contrast, Cu/SiO,-Imp was inactive, probably
because Cu was poorly dispersed (D¢, = 2 %). The oil
hydrogenation activity on Cu(15)-Zn-Al (Dc, =9 %)
was lower than on Cu/SiO,-CH, while Cu(8)-Zn-Al
(Dcy = 23 %) was inactive. Citral hydrogenation used as a
test reaction showed that the intrinsic Cu® activity was not
significantly changed by the kind of support or the catalyst
preparation method. These latter results suggested that the
observed differences in soybean oil hydrogenation may be
explained as changes in accessibility of the triglyceride
molecules to Cu active sites. In ternary Cu—Zn—Al samples,
access to catalytic sites was hampered by the narrower pore
structure of the catalyst. Copper exhibited unique proper-
ties for obtaining proper lubricants from soybean oil
hydrogenation because selectively hydrogenated unsatu-
rated linolenic (C18:3) and linoleic (C18:2) fatty acids to
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unsaturated oleic acid (C18:1) without forming saturated
stearic acid (C18:0).
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Selective hydrogenation

Introduction

Solid catalysts are often used in organic synthesis for the
hydrogenation of functional groups. In particular, the
selective hydrogenation of complex substrates to obtain
fine chemicals has been largely investigated on noble
metal-based catalysts (Pt, Pd, Rh) [1]. In the last decades,
the development of optimized catalyst formulations using
less expensive non-noble metals (Ni, Co, Cu) resulted in
new highly selective processes for hydrogenation reactions,
including the valorization of biomass raw materials [2].
Among these, vegetable oils certainly represent an impor-
tant bioresource, providing interesting products for a wide
variety of chemical divisions, albeit their profitable
application strongly depends on availability and supply.
Production of soybean oil has continuously grown up in the
last years, reaching more than 38 million tons in 2010, of
which 7.5 million tons come from Argentina [3]. More-
over, strong efforts have been made to minimize the energy
inputs in the soy cultivation step. Although the biodiesel
market represents the main destination of soybean oil in
Argentine, the synthesis of more valuable chemical prod-
ucts from it represents certainly an attractive technological
and economical strategy.

The hydrogenation of vegetable oils using Ni-based
catalysts to produce margarines and spreadables is a well-
known industrial process. However, the reaction is not
selective and keeps going until full saturation of the fatty
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acid chain is reached, converting the oil to a solid material.
In the last few years, increasing research efforts have been
focused on the development of new oil hydrogenation
catalysts to obtain oils with improved oxidative stability to
be used as oleochemistry feedstocks, e.g., for the produc-
tion of environmentally friendly, biodegradable lubricants.
Vegetable oils possess superior tribological properties such
as good contact lubrication, an elevated flash point, a high
viscosity index and low volatility [4]. Nevertheless, plant
oils suffer from poor low temperature fluidity and have a
higher sensitivity to hydrolysis and oxidative attacks as
compared to mineral oils. Chemical modifications of veg-
etable oils can overcome these shortcomings [5]; for
example, the oxidation stability is improved by hydroge-
nating the double bond functionality. The main unsaturated
fatty acids in soybean oil are linolenic (C18:3), linoleic
(C18:2) and oleic (C18:1). Their oxygen absorption rate is
respectively 100:40:1 [6]. Thus, partial hydrogenation of
C18:3 and C18:2 to C18:1 (Fig. 1) strongly increases the
soybean oil stabilization towards oxygen. However,
unsaturated C18:1 fatty acid should not be hydrogenated to
stearic acid (C18:0) in order not to increase significantly
the pour point, which also depends on the cis/trans isomers
ratio because of the higher melting point of the trans-iso-
mer. Copper-based catalysts have been used in edible oil
hydrogenation because they promote the selective reduc-
tion of C18:3 to C18:1, leaving linoleate C18:2 unaffected,
a valuable component from the nutritional point of view
[7]. Recently, some of us [8] reported that pre-reduced Cu
supported on silica exhibits unusual activity in the hydro-
genation of different fatty acid methyl esters, with strong
stabilization of the product towards oxidation, while also
keeping cold properties for their use as biodiesel.

Here, we study the liquid-phase hydrogenation of soy-
bean oil on different Cu-supported catalysts. Specifically,
we prepared two Cu/SiO, catalysts either by impregnation
or chemisorption-hydrolysis methods, and two ternary
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Fig. 1 Selective hydrogenation of linolenic acid
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Cu—Zn—Al samples by coprecipitation. The objective was
to establish the effect of sample properties (Cu dispersion,
surface area and porous structure of supports) and reactant
size on the catalyst activity and selectivity.

Experimental
Catalyst Preparation

Two silica-supported Cu catalysts were prepared.
A Cu/SiO,-Imp sample was obtained by incipient-wetness
impregnation using aqueous Cu nitrate solutions
(Cu(NOy),-6H,0, Fluka 98 %) and a commercial silica
(Davidson G62, 99.7 %). The impregnated sample was
first dried overnight at 363 K and then calcined in air
(60 cm3/min) at 623 K for 4 h. Cu/SiO,-CH was prepared
by the chemisorption-hydrolysis method as reported pre-
viously [9], by adding the support (Grace Davison Davisil
grade 634) to a solution containing [Cu(NH3)4]2+ and
slowly diluting the slurry with water. The solids were
separated by filtration, washed with water, dried overnight
at 383 K and calcined in air at 623 K for 4 h.

Hydrated precursors of ternary Cu—Zn—Al mixed oxides
were prepared by coprecipitation as described elsewhere
[10, 11]. An acidic solution of the metal nitrates (Aldrich
98 %) was contacted with an aqueous solution of K,CO; at
a constant pH of 7. The two solutions were simultaneously
added dropwise to 400 mL of distilled water kept at 338 K
in a stirred batch reactor. The resulting precipitates were
aged for 2 h in their mother liquor and then filtered,
washed thoroughly with deionized water at 338 K and
finally dried at 363 K overnight. Dried precipitates were
decomposed in nitrogen at 673 K for 8 h in order to obtain
the corresponding mixed oxides. Two samples with nom-
inal Cu loadings of 8 and 15 % were prepared and are
identified here as Cu(8)-Zn-Al and Cu(15)-Zn-Al sam-
ples, respectively.

Catalyst Characterization

Surface areas (S,) and pore size distribution of the samples
were measured by N, physisorption at 77 K using the BET
method and Barret-Joyner-Halender (BJH) calculations,
respectively, in a Quantochrome NOV A-1000 sorptometer;
total pore volumes were also measured during the analysis.
Before adsorption, the samples were treated at 623 K under
vacuum for 8 h. Copper content was determined by atomic
absorption spectroscopy (AAS).

The crystal structure of the samples was determined by
powder X-ray diffraction (XRD) methods using a Shima-
dzu XD-D1 diffractometer and Ni-filtered CuKa radiation.
The diffraction patterns were scanned in the 20 of 10-80°.
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The mean crystallite sizes of Cu” and CuO were deter-
mined by using the Debye-Scherrer equation.

The metallic copper dispersions (D¢, = surface Cu
atoms/total Cu atoms) were measured by titration with N,O
at 363 K using a stoichiometry of (Cu®)y/N,O = 2, where
(Cu®), implies copper atom on surface [12]. Pre-reduced
samples were exposed to pulses of N,O in a flow of He.
The number of chemisorbed oxygen atoms was calculated
from the consumption of N,O measured by mass spec-
trometry in a Balzers Omnistar spectrometer. The mean
Cu® crystallite size was calculated by assuming an fcc
structure and a surface density of 1.35 x 10" Cu atoms/m?
[13].

Temperature-programmed reduction (TPR) experiments
were performed using a 5 % H,/Ar mixture (50 mL/min) in
a Micromeritics AutoChem II 2920 unit equipped with a
thermal conductivity detector (TCD). Calcined samples
(150 mg) were heated at 10 K/min from 298 to 1,123 K. In
order to retain water formed during sample reduction, the
exit gas from the reactor was passed through a cold trap
before entering the TCD detector.

Catalytic Tests

The hydrogenation of soybean oil was carried out at con-
ditions near those of a standard industrial process for this
reaction [14], i.e., 453 K, 1,000 rpm and 2.2 MPa (H,) in a
60-mL SS AISI 316 autoclave equipped with a stirring rod,
magnetic stirring head, digital pressure display and a
sampling device. Catalysts (0.8 g) were outgassed in vac-
uum at 543 K for 20 min and then reduced with H, at the
same temperature while carefully removing the water
formed under vacuum, and finally transferred to the reactor
together with the oil (40 mL) in an inert atmosphere.
Reaction mixtures were analyzed on an Agilent 6850 GC
equipped with an FID detector using a 100-m SP2560
column of 250-pm diameter. Samples were periodically
withdrawn from the reactor and transesterified with a 2 N
solution of KOH in methanol previously to the analysis by
gas chromatography. The soybean oil triglyceride compo-
sition was: 10.9 % C16:0, 3.7 % C18:0, 24.9 % C18:1,
52.7 % C18:2 and 4.8 % C18:3 (where the first number
denotes the total carbon number of the acyl groups and the
second number stands for the total number of double
bonds). The initial unsaturation of the soybean oil in terms
of the iodine value (IV) was 129.

Physical properties of soybean and hydrogenated oils
were determined by different chemical methods. The free
fatty acid content (acidity, %wt) was measured by titration
with a 0.1 N NaOH solution after dissolving the samples
with ethanol/diethylether (1/2). The iodine value (IV) was
determined both by calculation on the basis of GC fatty
acid composition and by iodine titration. The iodine value

expresses the degree of unsaturation of the oil as: IV =g
of iodine absorbed/100 g of oil. Pour points were measured
by pouring the sample into a test jar provided with a
thermometer. The sample was first cooled to solidification
and then slowly heated in a water bath to register the pour
point.

The liquid-phase hydrogenation of citral (Aldrich,
98 %) was studied in a Parr 4843 reactor at 393 K, using
isopropanol (Cicarelli, p.a.) as solvent. The autoclave was
loaded with 150 mL of solvent, 1 mL of citral, 0.5 g of
catalyst and 0.5 mL of octanol as internal standard. Prior to
catalytic tests, samples were reduced ex-situ in hydrogen
(30 mL/min) for 2 h at 543 K and loaded immediately to
the reactor under inert atmosphere. The reaction system
was heated to the reaction temperature at 2 K/min, and the
pressure was then rapidly increased to 1,013 kPa with H,.
Product concentrations were followed during the reaction
by ex-situ gas chromatography using an Agilent 6850 GC
chromatograph equipped with a flame ionization detector,
temperature programmer and a 30-m Supelco «-DEX
capillary column. Samples from the reaction system were
taken by using a loop under pressure in order to avoid
flushing. Data were collected every 15-30 min for 300-
500 min. Conversion of citral was calculated as Xcj =
(C — Ccit)/ C2,(» where C2, is the initial concentration of
citral and Cc;, is the concentration of citral at reaction time
t. Selectivities (S;, mol of product j/mol of citral reacted)
were calculated as S; (%) = C; x 100/ZC; where C; is the
concentration of product j. Yields (i7;, mol of product j/mol
of citral fed) were calculated as n; = S; Xcit.

Results and Discussion
Catalyst Characterization

The physicochemical properties of the catalysts used in this
work are summarized in Table 1. The Cu loading on the
four samples was between 7.7 and 15.0 %. The crystalline
CuO phase was detected by X-ray diffraction only on
Cu/SiO,-Imp (Fig. 2), suggesting that copper was well
dispersed on the other three samples. The CuO crystallite
size in the Cu/SiO,-Imp sample determined from the cor-
responding diffractogram in Fig. 2 was 20 nm. XRD pat-
terns of Cu—Zn—Al hydrated precursors (not shown here)
exhibited a single crystalline phase with hydrotalcite
structure (ASTM 14-191) consisting of layered double
hydroxides with brucite-like layers and [(ZMe*"), |

AL(OH),I"* (COs; )i;z.mH20 composition, where Me is Cu

or Zn. Thermal decomposition of hydrotalcite precursors
leads to the formation of very small CuO particles in a
super-stoichiometric zinc aluminate spinel phase (ASTM
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Table 1 Chemical, structural and textural properties of the catalysts used in this work

Catalyst Cu loading®  Crystalline Surface area  Pore volume  Pore diameter ~ Cu dispersion ~ TPR: CuO reduction
(Wt%) phase S, (m*/g) V, (cm*/g) D, (A) Dy (%) peak Tpay (K)
Cu/SiO,-Imp 9.6 CuO 256 0.90 200 2 541
Cu/SiO,-CH 11.0 Not detected 388 0.60 80 21 537
Cu(8)-Zn-Al 7.7 Spinel 120 0.15 52 23 518
Cu(15)-Zn-Al 15.0 Spinel 139 0.20 62 9 464
* Determined by AAS
n
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Fig. 2 XRD patterns of the catalysts used in this work; a Cu/SiO,-
Imp, b Cu/SiO2-CH, ¢ Cu(8)-Zn-Al, d Cu(15)-Zn—Al

Standard 5-0669) [15]. In our case, their general formula,
on a spinel-like basis, is approximately [CuQO]g 35[ZnO]g 65
ZnAl,04 (Cu(8)-Zn—-Al sample) and [CuOl]g¢5[Zn0]g 35
ZnAl,04 (Cu(15)-Zn-Al sample). No segregation of CuO
or ZnO crystalline phases of large crystallite size were
detected in the Cu—Zn—Al mixed oxides, thereby indicating
that both cations are highly dispersed in the spinel-like
matrix.

BET surface areas of Cu-Zn-Al mixed oxides were
similar, between 120 and 140 mz/g, and lower than those
determined for Cu/SiO,-Imp (256 m2/g) and Cu/SiO,-CH
(388 mzlg, Table 1). Pore size distributions are shown in
Fig. 3, and mean pore sizes are included in Table 1.
Sample Cu/SiO,-Imp exhibited a Gaussian-like pore dis-
tribution and the largest mean pore size (about 200 A).
Ternary Cu—Zn—Al mixed oxides showed a Gaussian-like
pore distribution in the 20-60 A region, but contained also
mesopores between 100 and 300 A (Fig. 3). The mean pore
sizes of Cu—Zn—Al samples were clearly smaller than those
of SiO,-supported samples (Table 1). The metallic Cu
dispersion was about 20-25 % on Cu/SiO,-CH and Cu(8)—
Zn-Al, but decreased to 9 % on sample Cu(15)-Zn-Al,
probably because of the increase of the mean crystallite
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Fig. 3 Pore size distribution of Cu-based samples

size as a consequence of Cu segregation at that higher Cu
loading. Thus, Cu segregation should be pointed out as the
origin of a slight increase of the mean pore size in Cu(15)-
Zn—-Al when compared with Cu(8)-Zn—-Al (62 and 52 A,
respectively, Table 1; Fig. 3). Copper was poorly dispersed
on Cu/SiOy-Imp (D¢, = 2 %), as usually happens with
catalysts prepared by the incipient-wetness impregnation
method (Table 1).

Figure 4 shows the TPR profiles of Cu/SiO, and
Cu-Zn-Al samples. Cu/SiO, samples exhibited a single
low-temperature peak at ca. 540 K (Table 1) arising from
the reduction of CuO to metallic copper. TPR traces of
Cu(8)-Zn—Al and Cu(15)-Zn-Al also showed the CuO
reduction peaks, but the peak maxima were shifted to lower
temperatures compared to Cu/SiO, samples (Table 1). A
broader consumption band in Cu(8)-Zn—Al takes account
of differences in reducibility between more segregated
CuO crystallites (at lower temperature, ca. 480 K) and
those deeply inside the spinel matrix (around 540 K), while
in Cu(15)-Zn-Al the more segregated CuO band is bigger
and overlaps the other at higher temperature (Fig. 4).
Ternary Cu—Zn—Al samples also presented an additional H,
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consumption band at temperatures higher than 700 K,
which has been attributed to the partial reduction of ZnO,
followed by the formation of brass. Thus, treatment of
Cu-Zn—Al samples with diluted Hp/N, mixtures at tem-
peratures lower than 700 K only reduces the CuO phase.
By integration of the CuO reduction peaks in Fig. 4, we
verified that complete reduction of CuO to Cu’ takes place
on all the samples.

Soybean Oil Hydrogenation

The catalyst activity and selectivity for the liquid-phase
hydrogenation of refined soybean oil were evaluated
through standard 3-h catalytic runs. Figure 5 shows the
reactant evolution and product compositions obtained at
453 K on Cu/SiO,-CH and Cu(15)-Zn—-Al samples and
typically illustrates the catalyst behavior during the reac-
tion. Results obtained at the end of the runs for all the
catalysts are shown in Table 2. The Cu/SiO,-Imp sample
was practically inactive after 24 h reaction. This result is
consistent with previous reports showing that low-dis-
persed Cu/SiO, catalysts prepared by incipient wetness did
not show any activity for oil hydrogenation even after long
reaction times [16]. In contrast, Cu/SiO,-CH showed a high
hydrogenation activity, decreasing the IV value of soybean
oil from 129 to 97. In 3 h, Cu/SiO,-CH almost completely
eliminated C18:3 (0.3 %) and decreased the concentration
of C18:2 from 52.7 to 31.3 %. As a consequence, the
concentration of CI18:1 increased from 24.9 to 52.2 %
since that of saturated C18:0 fatty acid did not change
during the reaction (Fig. 5); neither did the saturated C16:0
concentration. The pour point and acidity of the soybean
oil hydrogenated on Cu/SiO,-CH were not significantly
higher than those of starting oil, while the amount of

Cu/SiO,-Imp

Cu/Sio,-CH

Cu(15)-Zn-Al

H, consumption rate (mmol/min g)

Cu(8)-Zn-Al

T T T T T T
400 600 800 1000

Temperature (K)

Fig. 4 Sample characterization by TPR. Heating rate 10 K/min,
W 150 mg

trans-isomers was only 13.8 %. Thus, the results obtained
on Cu/SiO,-CH point out that highly dispersed copper on
silica is a very efficient catalyst for selectively hydroge-
nating C18:3 and C18:2 to monounsaturated C18:1, with-
out producing stearic acid, and confirm that copper is a
very efficient metal for obtaining proper lubricants by oil
hydrogenation.

Regarding ternary Cu-Zn-Al samples, Cu(8)-Zn-Al
was practically inactive, while Cu(15)-Zn-Al showed
good hydrogenation activity and selectivity (Table 2;
Fig. 5). Specifically, Cu(15)-Zn—Al almost totally hydro-
genated C18:3 (0.5 %) and decreased the amount of C18:2
from 52.7 to 41.6 %, thereby increasing the C18:1 con-
centration from 24.9 to 41.6 %. As observed for Cu/SiO,-
CH, C18:1 was not hydrogenated to C18:0 on Cu(15)-Zn-Al
and thus the C18:0 concentration did not change during the
catalytic test (Fig. 5). Nevertheless, the activity of Cu(15)—
Zn-Al for hydrogenating C18:3 and C18:2 was lower than
that of Cu/SiO,-CH. For example, the IV values of oils
hydrogenated on Cu(15)-Zn-Al and Cu/SiO,-CH were 109
and 97, respectively (Table 2). The fact that Cu(15)-Zn-Al
was less active than Cu/SiO,-CH in spite of containing a
higher Cu concentration probably reflects a lower acces-
sibility of unsaturated triglyceride molecules to the Cu
active sites in Cu(15)-Zn—Al. Actually, the surface area,
pore volume and pore size of Cu(15)-Zn—Al were signifi-
cantly lower in comparison to Cu/SiO,-CH (Table 1). In
this regard, we determined the sizes of two of the most
stable configurations of a triglyceride molecule (glyceryl
trioleate) by using CHARMM parametrization-based force
field optimization calculus [17]. Triglyceride molecule
lengths between 29 and 50 A were calculated, thereby
showing that the mean pore sizes of ternary Cu-Zn—Al
samples, especially of Cu(8)-Zn—Al, are close to the
kinetic diameter of a triglyceride molecule.

As a tool for determining the presence of differences in
the hydrogenating activity of Cu due to the occurrence of
the support effect, all catalysts were also tested in citral
hydrogenation at 393 K. The purpose was to use a smaller
polyunsaturated molecule, with no diffusive restrictions to
access to the active sites. This statement is supported by
several works from other groups and our experience
[18-28]. Figure 6 shows the reaction network for citral
hydrogenation, where selectivity essentially depends both
on the nature of the metallic catalyst and, eventually, on the
support, which determines the relative hydrogenation rate
of isolated C=C and conjugated C=0 and C=C bonds of the
citral molecule [19, 21, 22, 25-27]. The possible hydro-
genation products are: geraniol/nerol, citronellal, citronellol,
3,7-dimethyl-octanal (3,7-DMEAL), 3,7-dimethyl-octenal
(3,7-DMEL), 3,7-dimethyl-octenol (3,7-DMEOL) and 3,7-
dimethyl-octanol (3,7-DMOL) (Fig. 6). It is well known
that Cu does not hydrogenate the isolated C=C bond of
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Fig. 5 Soybean hydrogenation. 60

Product composition as a
function of time (filled squares)
C18:0, (filled circles) C18:1,
(open squares) C18:2, (inverted
triangles) C18:3, (open circles)
C18:1 trans. [453 K, 2,026 kPa
hydrogen, W = 0.8 g,

Vm] =40 mL]
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Table 2 Catalytic results for soybean hydrogenation
Catalyst Time (h)  Fatty acid composition (%) Trans-(%)  Pour point (K) IV Acidity (%)

Palmitic =~ Stearic  Oleic Linoleic  Linolenic

C16:0 C18:0 C18:1 C18:2 C18:3

10.9 3.7 24.9 52.7 4.8 0 248-250 129  0.15
Cu/SiO,-Imp 24 11.0 3.7 25.0 53.0 4.1 - - - -
Cu/SiO,-CH 3 11.3 3.7 52.2 31.3 0.3 13.8 266-265 97  0.56
Cu(8)-Zn-Al 3 11.5 4.4 254 51.2 43 - - - -
Cu(15)-Zn-Al 3 11.1 3.7 41.6 41.6 0.5 8.2 263 109  0.35

T =453 K, P = 2,026 kPa, W, = 0.8 g, Vo = 40 mL
The initial composition of soybean oil is in bold

citral [28]; thus in Fig. 7 the product distribution is shown
as a function of time for citral hydrogenation on Cu/SiO,-
Imp, which represents the general behavior of all catalysts
tested in this reaction. All the catalysts initially formed
citronellal at higher rates in comparison to the formation of
geraniol/nerol, thereby indicating that metallic copper
hydrogenates preferentially the conjugated C=C bond of
citral. Moreover, whereas the geraniol/nerol yield remained
almost constant after total conversion of citral, citronellal
was consecutively hydrogenated to citronellol (Fig. 7). In
summary, the selectivity was not affected by the support or
preparation method employed in the set of catalysts. From
the initial slopes of Xc;, versus ¢ curves like in Fig. 7, the
initial citral conversion rates (rgn, mol/gc, h) were deter-
mined for all the catalysts; the results are shown in Table 3.
The r, values followed the order: Cu/SiO,-CH > Cu(8)—
Zn—-Al > Cu(15)-Zn-Al > Cu/SiO,-Imp. Nevertheless,
when the initial turnover citral conversion rates (TOF, hfl)
were determined by using Cu dispersion values of Table 1,
we observed that the activity per Cu surface atom was
similar on all the catalysts (Table 3). This result suggested
that the intrinsic Cu® activity for the initial citral hydro-
genation is not significantly changed by the kind of support
or the catalyst preparation method. Thus, the r2; values on
Cu-based catalysts would essentially depend on Cu dis-
persion: the higher the D¢, is, the higher the r&t.
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On the basis of the last discussion, the results in Table 2
showing that Cu(8)-Zn—Al was inactive for oil hydroge-
nation may be explained by considering that, because of
diffusional constraints, the triglyceride molecules do not
reach the Cu active sites located in the ZnAl,O,4 porous
structure. Other authors [29] have reported that the oil
hydrogenation rate is controlled by mass transfer phe-
nomena when performed at operational conditions similar
to those employed here. In contrast to Cu(8)-Zn—Al, the
ternary Cu(15)-Zn—Al sample was active for oil hydroge-
nation. Probably, the higher Cu concentration in Cu(15)—
Zn—Al favored the formation of more CuO segregated from
the ZnAl,O, structure, as discussed in “Catalyst Charac-
terization,” which would increase the accessibility of
reactants to Cu-active sites.

In summary, the results of Fig. 5 and Table 2 show that
Cu exhibits unique properties for obtaining proper lubri-
cants from soybean oil hydrogenation, as it is able to enrich
the oil in the monounsaturated component without
increasing the stearic acid amount, therefore keeping
acceptable cold properties. This particular selectivity does
not depend on the support (compare Cu/SiO,-CH with
Cu(15)-Zn—Al). Nevertheless, the copper catalyst activity
depends on both the Cu dispersion (low-dispersed catalysts
are inactive) and the oil accessibility to Cu active sites
(supports of wide porous structure are required).
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Fig. 6 Reaction network for CH CHs
citral hydrogenation 3
X >
NS
(o} /
3,7-DMEAL 3.7-DMAL
A
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Fig. 7 Citral hydrogenation. Yields (%;) and citral conversion (X.;) as
a function of time for hydrogenation performed over Cu/SiO,-Imp
catalyst. (open triangles) geraniol/nerol, (filled circles) citronellal,
(open circles) citronellol. [393 K, 1,013 kPa hydrogen, W = 0.5 g]

The use of nontoxic copper systems represents a valu-
able and versatile tool in order to upgrade different kind
of starting materials, both vegetable oils and terpenic
substrates. Among terpenes citral, which is the main
component (75-90 % of total) of lemongrass oil, consti-
tutes a precious raw material that can be transformed into

OH

HsC~ “CHj
3,7-DMEOL

Table 3 Catalytic results for citral hydrogenation

Catalyst Initial citral hydrogenation rate

72, (mol/ge, h) TOF (h™")
Cu/SiOy-Imp 0.06 190
Cu/SiO,-CH 0.54 164
Cu(8)-Zn-Al 0.47 130
Cu(15)-Zn-Al 0.26 183

T =393 K, P = 1013 kPa,
(mL)

Wea = 0.5 g, citral:toluene = 1:150

value-added products. On the other hand the transformation
of vegetable oils, due to the particular nature of triglycer-
ides, requires more specific solutions—which can be con-
veniently achieved by varying the materials used as the
support for the active metallic phase.

Conclusions

Cu-supported catalysts efficiently promote liquid-phase
soybean oil hydrogenation. However, the catalyst activity
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and selectivity depend on the copper dispersion and the
porous structure of the support.

Copper catalysts selectively hydrogenate unsaturated
linolenic (C18:3) and linoleic (C18:2) fatty acids to
unsaturated oleic acid (C18:1) without forming saturated
stearic (C18:0) acid. However, highly active Cu-based
catalysts for soybean oil hydrogenation are obtained only if
copper is highly dispersed on supports of wide pore
structure for minimizing mass-transfer limitations.
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