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Abstract

Several Zn/Ni/Cu/Al layered double hydroxides (LDH) with variable Ni/Cu ratios but constant Zn/Al, as well as
M?Z*/M3* ratios, were synthesized by coprecipitation method with CO32’ as compensating anion. The main goal of the
study was to investigate the influence of the catalysts composition, especially Ni/Cu ratio, on the physical and catalytic
properties of these materials. The XRD results show that all the LDHs samples are well crystallized and contain only
pure phases. Moreover, the spectral techniques (FT-IR and DR-UV-VIS) indicated that both Ni and Cu species are pre-
sent in the brucite-like layers of LDHs. The shape of the nitrogen physisorption isotherms obtained at —196 °C indicates
a predominantly mesoporous materials; the surface areas and pore volumes are in the specific ranges between 37-86
m2.g™! and 0.31-0.75 cm’.g7!, respectively. Three characteristic weight losses between 30 and 400 °C are identified by
TG analysis for the hydrotalcite-like materials synthesized in this study. Moreover, an influence of the Ni/Cu ratios on
the amount of the physisorbed water was noticed. The preliminary catalytic test revealed unusual catalytic properties of
the non-calcined samples in the liquid phase hydrogenation of trans-cinnamaldehyde.
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1. Introduction

A contribution to the implementation of green and
sustainable chemistry in industrial applications could be
the development of multifunctional heterogeneous ca-
talysts which possess various catalytic functions at the
surface, such as acid, base and redox sites. Among them,
layered double hydroxides (LDH), also called anionic
clays or hydrotalcite-like compounds, have recently recei-
ved much attention in view of their potential as adsor-
bents, anion exchangers, and the most importantly as ca-
talysts. These compounds are represented by the formula
My "M *(OH),)*(A " H,0)", where the divalent
ion may be Mg?*, Cu**, Zn**, Ni**, and the trivalent ion
APP*, Fe**, Cr**. The compensating anions may be CO32',
OH, SO42", NO,", CI', and “x” can have values between
0.17 and 0.33. As concerns the structure, such materials

have an alternating layered structure with positively char-
ged brucite-like layers (M>*M>**(OH)), where M** cations
are substituted by M** cations, and interlayers containing
the charge balancing anions and water molecules.'~
Usually, the catalytic applications were mainly reported
on the homogeneous mixed oxides resulted by the calci-
nation of LDHs and only few studies on the non-calcined
materials.* Polymerization of alkene oxides, aldol con-
densation of aldehydes and ketones, and methane or
hydrocarbons steam reforming, methanation, methanol
synthesis, and higher alcohols or hydrocarbon synthesis
(Fischer-Tropsch), the selective hydrogenation of maleic
anhydride to y-butyrolactone, the partial oxidation of
methane to synthesis gas and the selective catalytic reduc-
tion (SCR) of NO by ammonia cover only a part of their
catalytic applications.’

The chemoselective hydrogenation of unsaturated
carbonyl compounds is the focus of special interest since
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this is often a key step in the preparation of various fine
chemicals.® The most challenging class of these chemose-
lective hydrogenations is the reduction of o,—unsaturated
aldehydes to allylic alcohols. This is also the case of the
selective trans-cinnamaldehyde (CNA) hydrogenation to
cinnamyl alcohol (CNOL), both substances being of prac-
tical importance due to their applications in the fine che-
micals and perfume industries.’

The catalytic hydrogenation of cinnamaldehyde to
the corresponding allylic alcohol (CNOL) has an obstacle:
from the thermodynamical data it was established that the
carbon-oxygen double bond (the carbonyl group, >C=0)
is more difficult to be hydrogenated than the carbon-car-
bon double bond (olefin group, >C=C<).® At the same ti-
me the reaction might give a broad spectrum of by-pro-
ducts originating from undesired aromatic ring hydroge-
nation, hydrogenolytic and condensation reactions and
even the isomerisation of CNOL to CNA. The best results
for such selective hydrogenations were obtained using
noble metals based catalysts but in the view of sustainable
chemistry it is a true challenge to replace them by cheaper
catalysts based on non-noble metals.>!° The use of non-
noble metals for selectively hydrogenating o,B-unsatura-
ted aldehydes has been reported in several papers. Nickel
and copper based oxides resulted from LDH precursors
have shown interesting characteristics of chemo-, regio-,
and stereoselectivity for hydrogenation reactions, ''~' but
do not exhibit a high selectivity to form unsaturated alco-
hols from oB-unsaturated aldehydes.''”"> Attempts for
improving the intrinsic catalytic properties of copper and
nickel could take into account the formation of bimetallic
Ni—Cu particles, the interactions between metal and sup-
port, and interactions of the d orbitals.

In this work, we prepared a set of catalysts contai-
ning various amounts of Cu and Ni atoms homogeneously
highly dispersed in a lattice of ZnAl LDH (Zn/Al is kept
constant and equal to 1/1) by coprecipitation method at
low supersaturation. The originality of this study consists
in exploring the catalytic performance of these materials
(as-synthesized LDHs) in the liquid phase hydrogenation
of cinnamaldehyde (3-phenyl-2-propenal, CNA) as such
namely, by avoiding the calcination step which leads to the
formation of mixed oxides, which is an energy and time
consuming step. Also, by calcination at high temperatures
new crystalline phases like spinels could be formed, and
often such phases proved non-suitable catalytic behavior.

2. Experimental

2. 1. Synthesis of LDHs

A series of NiCuZnAl hydrotalcites with variable Ni
to Cu ratios, but constant M**/M** ratio in all the samples
(M**/M* = 2), was prepared by coprecipitation under low
supersaturation method. An aqueous solution containing a
mixture of MSO, hydrate (M = Zn, Ni, Cu) and

AlL(S0,),18H,0 as metal sources and a mixture of NaOH
(1.6 M solution) and Na,CO, (0.8 M solution) as precipi-
tants were simultaneously added at a flow rate of 0.7
ml.min™" under vigorous stirring and constant temperature
(25 °C) and pH = 8.0. The precipitate obtained was aged
overnight at the same temperature and vigorous stirring.
Then, the precipitate was filtered under vacuum and was-
hed with large amounts of distilled water until the was-
hings were free from Na* ions. The solids were dried at 30
°C at constant weight. The samples were labeled accor-
ding to the elements compositions and codes “xy” indica-
te the atomic ratio between Ni and Cu cations.

2. 2. Characterization

The resulting solids were systematically characteri-
zed by powder XRD, nitrogen physisorption, FT-IR,
DR-UV-VIS and thermogravimetry.

XRD measurements were performed using a Bruker
D5000 apparatus with monochormatic CuKa radiation
(A = 1,541A wavelength) at room temperature. All pat-
terns were recorded over the 20 range from 3 to 50° with a
step 0,100°. The crystallites size of LDHs samples were
calculated by using Scherrer equation: D, = A/Bcos8,
where A = incident ray wavelength (0.15406 nm); B =
peak width at half height (rad), 6 = Bragg angle.

Nitrogen physisorption was carried out on a Auto-
sorb MP-1 (Quantachrome) at —196 °C. Surface area, pore
volume and pores size distribution were obtained from the
corresponding isotherms using the conventional methods
of BET, de Boer and BJH.

Infrared spectra were collected on a Scimitar FTS
2000 (Digilab) between 400 and 4000 cm™, 50 acquisi-
tions per spectrum and a resolution of 4 cm™. The sam-
ples were used as pellets formed from a mixture of 99 mg
KBr and 1 mg of LDH sample.

Diffuse reflectance UV-visible (UV-vis) spectra
were recorded on a Shimadzu UV-2450 spectrometer
equipped with an integrating sphere unit (ISR-2200). The
spectra were collected at 200-800 nm with BaSO, as refe-
rence.

Thermogravimetric analysis was performed on com-
puter coupled Q-derivatograph (MOM). The samples we-
re analyzed in the temperature range between 30-600 °C
with a heating rate of 10 °C-min~'. All measurements we-
re performed in air.

2. 3. Catalytic Test: Hydrogenation
of Trans-cinnamaldehyde

For each test, the non-calcined catalyst was reduced
in a hydrogen flow (1 L.h™") at 150 °C for 2 h (heating ra-
te of 6 °C-min™"). The test was carried out at atmospheric
pressure in a three neck glass reactor equipped with reflux
condenser and magnetic stirring (900 rpm) under the fol-
lowing conditions: 1 ml of reagent (7.94 x 10~ mol),
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25 ml of propylene carbonate as solvent, and 0.264 g of
catalyst, hydrogen flow 1 L.h™!, and constant temperature
of reaction 150 °C.

The samples were periodically taken off and analy-
zed by an HP 5890 Series gas-chromatograph, which is
equiped with a capillary column DB — 5 (25 m x 0,20 mm
x 0,33 um) and a flame ionization detector, with the follo-
wing temperature program: initial temperature of 150 °C
(1 min), and heating (15 °C-min™") until 270 °C.

3. Results and Discussion

3. 1. Physico-chemical Characterization

The crystalline structure and lattice parameters were
investigated by powder X-ray diffraction measurements.
As it can be seen in Figure 1, the XRD diffraction patterns
for carbonate-LDHs show symmetrical reflections for
(003), (006), (110), (113) planes and broad asymmetrical
peaks for (012), (015), (018) planes. All these peaks are
characteristics of crystalline single hydrotalcite-like pha-
se.! This also indicates that Ni** and Cu®* cations are iso-
morphously substituted in the brucite like layers.
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Fig. 1: Powder X-ray diffraction of LDHs: a. ZNCA10, b. ZN-
CAB82, c. ZNCASS, d. ZNCA28, e. ZNCAO]1.

Generally, the lattice parameters of LDH crystals are
calculated by indexing the peaks under hexagonal crystal
system and 3R symmetry, the parameter “a” correspon-
ding to the cation—cation distance within the brucite-like
layer and the parameter “c” related to the total thickness
of the brucite-like layer and the interlayer distance, have
been evaluated by the least squares method (Table 1). As
already stated, when series of LDHs containing two diva-
lent cations or two trivalent cations in the layers are prepa-
red, the Vegard’s rule is followed and steady changes in
the value of parameter “a” are observed with the chemical
composition.'® This is also the case for the copper cations
substitution: the parameter “a” increases as the degree of
substitution by Cu®* is increased (Figure 2); the ionic ra-
dius of octahedral Ni** is 0.83 /0\, whereas that of the octa-
hedral Cu®* is 0.87 A.'7 While the value of parameter “a”
is very sensitive to the nature of the layer cations (ionic ra-
dii), the value of parameter “c” strongly depends on the
nature and orientation of the interlayer anions, therefore it
cannot be observed a rule for the data from the seventh co-
lumn of Table 1 because there is the same anion for all the
LDHs and the small variations observed for “c” parame-
ters are caused by the different degrees of hydratation.
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Fig. 2: LDH samples: unit cell parameter, a as a function of the
Cu/(Ni+Cu) ratio

Table 1: Physical properties of non-calcined LDHs obtained from XRD and N, physisorption isotherms at —196 °C.

Sample Atomic ratios* c: c D 3, D0, - St vV, AP§B JH
Zn Ni Cu Al (A) (A) (nm) (nm) mig?h) g (emig?) (A
ZNCA10 1.0 1.0 0.0 1.0 3.053 22.60 4.5 10.7 37 32 0.31 333
ZNCAS82 1.0 0.8 0.2 1.0 3.059 22.90 4.7 11.8 50 44 0.41 330
ZNCASS 1.0 0.5 0.5 1.0 3.062 23.01 6.2 11.8 70 61 0.47 272
ZNCA28 1.0 0.2 0.8 1.0 3.068 22.50 7.2 119 83 73 0.58 284
ZNCAO01 1.0 0.0 1.0 1.0 3.072 22.38 9.5 14.5 86 76 0.75 349
* synthesis mixture; a = 2d,,; ¢ = 3d;; D(003)= crystallite size in ¢ direction; D(110)= crystallite size in a direction; S_, = external surface calcula-
ted from -plot; V = total pore volume at p/p, ~ 0.99; APS, |, = average pore size determined according to the BJH method.
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The values obtained for lattice parameters are in agree-
ment with those previously reported in the literature for
the carbonate-LDHs.'

The textural properties of LDHs were examined by
N, physisorption. Figure 3 A shows the nitrogen adsorp-
tion—desorption isotherms for all the samples. According
to IUPAC classification, the isotherms are of type IIb. '8
The hysteresis loop is of type H3, which is usually asso-
ciated with the condensation-evaporation phenomena bet-
ween aggregates of plate-like particles giving rise to slit-
shaped pores.'”*” As shown in Table 1, the external surfa-
ce area is very close to the BET surface area. These values
are in agreement with the literature since the diameter of
nitrogen molecule is larger than the interlamellar space
for carbonate containing layered double hydroxides, and
therefore the pore volume measured corresponds mainly
to the interparticle pores. The mesoporous structure of
LDHs may arise from interparticle space; hence the cha-
racteristics (shape, size, distribution, etc.) of mesopores
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Diameter (A)

Fig. 3: Nitrogen adsorption-desorption isotherms (A) (the curves
are shifted along the y-axis for clarity) and pore size distribution (B)
for ZnNiCuAl-LDHs. a. ZNCA101, b. ZNCAS82, c. ZNCA55, d.
ZNCAZ28, e. ZNCAOI. (STP = standard pressure and temperature)

could be defined by the particle size and shape, and also
by the particle interconnection patterns. Consequently, it
is clear that the textural properties of these solids will fi-
nally depend on the morphological properties of the par-
ticles.?'** The corresponding pore size distribution plots
(Figure 3, B) show a very large distribution between 10
and 2000 A centered at ca. 300 A.

Textural parameters provided by the corresponding
isotherms such as BET surface areas, external surface ar-
eas, pore volume as well as average pores size are summa-
rized in Table 1. According to physisorption data, the sur-
face area and total pore volume increase with the amount
of copper introduced in the brucite layer; these values ran-
ge from 37 m’.g”' (ZNCA10) to 86 m>.g”! (ZNCAO1) and
from 0.31 cm®.g™' (ZNCA10) to 0.75 cm®.g™! (ZNCAO1),
respectively.

Figure 4 illustrates the TG curves together with the
corresponding DTG curves for ZNCAO1, ZNCASS5, and
ZNCA10 samples.
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Fig. 4: TG/DTG profiles of: a. ZNCAO1, b. ZNCAS5S, c. ZNCA10.

Three steps of weight loss between 30 and 400 °C
were identified. The first weight loss with a maximum at ~
100 °C corresponds to the removal of interlayer and weak-
ly adsorbed water molecules and it is reversible. It is
known that Cu ions incorporated into brucite layer strong-
ly influence this stage of thermal decomposition of
LDHs.? Thus, the higher amount of copper the lower is
the amount of the physisorbed water. As seen in Figure 4,
our results are in agreement with this, the amount of relea-
sed water decreasing with the amount of copper in the
brucite sheets. Also, the temperature at which the interla-
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yer water is released is lowered for Cu containing LDHs.
These results indicate that water molecules are not very
tightly bonded to the LDH’s layers when Cu is included in
the brucite like layers. 2

This weight loss was immediately followed by a se-
cond one with a maximum at 146 °C and a third one with
a maximum at 230 °C which are attributed to the dehy-
droxylation of the layers and decomposition of intercala-
ted carbonate anions, respectively. According to Cavani,'
these two peaks are attributed to the loss of hydroxyl
groups bound to Al cations (146 °C) and carbonate anions
decomposition (230 °C).

Additional structural information were provided by
infrared spectroscopy. Infrared spectra were recorded at
room temperature and the results are shown in Figure 5.
The infrared band at 3437 cm™, present in all the spectra,
is attributed to the H-bonding stretching vibrations of the
OH group in the brucite-like layer.' The band at 1635 cm™
is assigned to the deformation mode of water molecules
presented in the interlayer space.**?

The wavenumber region ranging from 400 to1000
cm™! contains some bands related to vibrations of the car-
bonate, and some related to cation-oxygen bond vibra-
tions. The carbonate anion in a symmetric environment is
characterized by a D3h planar symmetry, with three IR ac-
tive absorpion bands at 1350-1380 cm™! (v,), 850-880
cm™ (v,) and 670-690 cm™ (v,).! The spectra registered
for our samples contain only a band at 1360 cm™ assigned
to v, vibration.

Bands below 1000 cm™ provide proof that the cha-
racteristic LDH network has been formed. They are due to
stretching and deformation modes of M-O, M-O-M’, and
O-M-O moieties in the brucite-like layers, together with
other modes of the carbonate anion.?*28

Further information on the status of the transition
metal ions on the surface of the LDH samples were obtai-
ned by the DR-UV-VIS spectra displayed in Figure 6. Dif-
ferent bands were identified in these spectra. As AI** and
Zn”* have d0 and d10 configuration, respectively, all the
bands recorded in UV-VIS region (205, 220, 242, 380,
414, 650, 740 and 770 nm) should be ascribed to the d—d
transitions in the octahedrally coordinated Ni**, Cu** ca-
tions. Moreover, the bands at 205, and 220 nm could be
also ascribed to 0>~ — M™ charge transfer.>*

The intensity of the different bands increased as a
function of the amount of Cu and Ni cations from the
samples. Consequently, LDHs with higher amount of nic-
kel (ZNCASS, ZNCAS82 and ZNCA10) showed absorp-
tion in the UV range at 380 nm and in the VIS range at
414, 650 nm attributed to octahedral Ni**.>° As nickel is
replaced by copper, the band at 740 nm increases and it is
slightly shifted to higher wavelength so that in the sam-
ples ZNCA28 and ZNCAO]1 only the band at 770 nm is
identified in the spectra and it could be assigned to the
Cu?* ions in the distorted octahedron, which are located at
the edge of the brucite-like layers. Indeed, this band com-
pletely disappeared in the spectrum of the ZNC28 after
the catalytic test (spectrum not shown here). Instead of
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Fig. 5: FT-IR spectra of LDHs: (a) ZNCA10, (b) ZNCAS82, (c) ZNCASS5, (d) ZNCA28, (e) ZNCAOL.
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Fig. 6: DR-UV-VIS spectra of LDHs : (a) ZNCA10, (b) ZNCAS82, (c) ZNCAS5S, (d) ZNCAZ28, (e) ZNCAOI.

this, a new band at 600 nm was observed. According to
the literature, Cu® atoms absorb radiations at this wave-
length.’! Additionally, the band at 242 nm (octahedral
Cu*") did not disappear after reduction by H, flow treat-
ment for 2 h. The band at 380 nm did not suffer any chan-
ge after the catalytic test suggesting that Ni** cations are
not reduced at 150 °C. This result clearly suggests that on-
ly copper ions placed at the edges of the brucite-like la-
yers and/or crystal defects are able to be reduced.’

3. 2. Catalytic Activity of LDH

For the first time, the catalytic hydrogenation of un-
saturated carbonyl compounds in the presence of non-cal-

CNOL

\_/
()

@—CH:cH—CH:O (5)
)

CNA

Scheme 1. Reaction pathways for CNA hydrogenation

QCHZ—CHZ—CHZO

HCNA

cined LDHs is presented here. During activation process
under H, stream at 150 °C, the solids preserve their hydro-
talcite-like crystalline structure (not shown here).
Generally, the catalytic liquid phase hydrogenation
of cinnamaldehyde proceeds via reaction pathways that
involve hydrogenation of C=0 and/or C=C groups (Sche-
me 1), the degree of the hydrogenation and the route de-
pending on the activity and selectivity of the catalyst.
Cinnamaldehyde hydrogenation on non-calcined
ZnNiCuAl-LDH with Ni/Cu = 2/8 molar ratio formed es-
sentially hydrocinnamaldehyde (HCNA), cinnamyl alco-
hol (CNOL), and hydrocinnamyl alcohol (HCNOL); only
traces of condensation products (~ 1-2%) were observed.
Figure 7 presents a typical time course of the hydro-

CH=CH—CHy,—OH

(3) —
> —CHy—CHy—CHy—OH
@) \ /

HCNOL
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genation of CNA over non-calcined ZNCA28 sample. As
observed, CNA was completely consumed during 24 h of
reaction, which means that the non-calcined but reduced
LDH is an active hydrogenation catalyst. In the first 15 h
of reaction, the hydrogenation carried out preferentially to
C=C bond, with selectivity to HCNA of around ~ 60% for
a conversion of ~ 40%, where conversion and selectivity
were calculated according to following equations:

mole of hydrogenated CNA
mole of total product

% conversion = + 100

mole of product CNA
mole of hydrogenated CNA

% selectivity = * 100

The hydrogenation of C=0 group was less active, a
selectivity to CNOL of ~ 40% for a conversion of ~ 20%
was noticed. At the end of the reaction, only HCNOL
(~ 60%) and HCNA (~ 40%) were observed in the reac-
tion mixture. These results indicate that the hydrogenation
of CNA involves parallel and consecutive reaction as
shown in Scheme 1.
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Fig. 7: Hydrogenation of CNA over non-calcined ZNCA28; T =
150 °C, catalyst mass = 0.264 g catalyst; CNA = 1 ml, solvent =
propylene carbonate, (25 ml) stirring = 900 rpm; (a) —- CNOL, (b) —
HCNOL, (c) — HCNA; (d) — total conversion.

Previous studies showed that the selective hydroge-
nation to C=C or C=0 bonds is depending on various fac-
tors among them the metal electron density, and C=0
bond polarization by its interaction with cationic sites be-
ing the most important. 337

The chemistry of the catalyst is also a key factor in
directing the selectivity towards CNOL, knowing that
usually, the hydrogenation at C=C group is thermodyna-
mically favored.” Concerning Cu-based catalysts, it was
reported that CNA adsorption on metal copper particles is
expected to occur via T and/or d, . adsorption modes,
both of them being influenced by the repulsive forces exi-
sting between copper d orbitals and the phenyl group of
cinnamaldehyde.** Moreover, the catalytic results strong-
ly suggest that CNA hydrogenation occurs via different
reaction mechanisms depending on the composition and
surface properties of the catalyst.***° It was shown that
CNOL formation rate is essentially increased on spinel
Cu-Ni(Co)-Zn-Al catalysts compared to Cu/SiO, or bi-
nary Cu—Al samples because of the formation of surface
Cu®-M?* dual sites (M** = Co, Ni, Zn). The reduction
temperature used for the catalytic test in this work is low
enough (150 °C) to avoid the reduction of Ni**. These ca-
tions, beside of Zn** and A1*, probably act as Lewis acids
during the reaction activating the C=0 functional group of
CNA. The C=0 bond thus activated is more easily hydro-
genated by hydrogen atoms chemisorbed onto reduced
copper. However, the electron density around copper
could be probably increased by optimizing the catalyst
composition, and it might cause a further improvement in
the catalyst ability for selectively hydrogenating the C=0
group of CNA.

Concerning particle size, its effect on the catalyst se-
lectivity in hydrogenation of o,B-unsaturated aldehydes is
a controversy. There are studies indicating no influence of
the particle *® while other articles claim that particle size is
able to direct the selectivity of the catalyst due to the fact
that the relative amounts of corners, edges and faces expo-
sed to the reactants vary as function of the particle si-
ze 34941 The atoms in different crystallographic positions
can have different catalytic properties, resulting in diffe-
rent selectivities and activities as a function of the particle
size. Future studies on the catalytic activity of this series
of catalysts will allow observing if there is some depen-
dency between the particle size and the selectivity of the
catalysts under study.

4. Conclusions

ZnNiCuAl LDHs were obtained by coprecipitation
method with variable Ni/Cu ratios. Different techniques
such as XRD, nitrogen physisoprtion at —196 °C, FI-IR,
DR-UV-VIS and themogravimetry confirmed the specific
lamellar structure of the resulted catalysts. Preliminary
test in the liquid phase hydrogenation of trans-cinnamal-
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dehyde on the non-calcined catalyst led to results which
demonstrate that physico-chemical properties of layered
double hydroxides are essential to achieve the improved
product selectivity by optimizing their composition and
particle size.
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Povzetek

Z metodo soobarjanja smo sintetizirali Zn/Ni/Cu/Al plastne dvojne hidrokside z razli¢nimi razmerji Ni/Cu in s stalnima
razmerjema Zn/Al in M>*/M**. Namen dela je bil raziskati vpliv sestave, predvsem razmerja Ni/Cu, na fizikalne in ka-
talitske lastnosti teh materialov. Rezultati rentgenske analize so pokazali, da so vzorci kristalini¢ni in enofazni. Na os-
novi spektroskopskih metod FT-IR in DR-UV-VIS sklepamo, da so tako nikljeve kot bakrove zvrsti prisotne v brucitu
podobnih plasteh. Materiali so mezoporozni; specifi¢na povrsina in volumen por, doloc¢ena s fizikalno adsorpcijo dusika
pri —196 °C, sta med 37 in 86 m? g™ in 0.31 in 0.75 cm® g™'. Materiali izgubljajo maso med segrevanjem v treh stopnjah
med 30 in 400 °C. Koli¢ina fizkalno vezane vode je odvisna od razmerja Ni/Cu. Preliminarni testi katalitske aktivnosti
so pokazali nenavadne katalitske lastnosti neZganih vzorcev pri hidrogeniranju zrans-cimetovega aldehida v tekoci fazi.
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