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Abstract

Studies of the preparation and characterization using X-ray diffraction, temperature programmed reduction and decompo-
sition, electron microscopy (TEM-SEM), calorimetric measurements, temperature programmed desorption, nitrogen adsorp-
tion and the catalytic behavior of three samples having takovite structure with different Ni /Mg /Al ratios in order to modify
the basicity of the solid, have been carried out for the acetonitrile hydrogenation reaction in the gas phase. It has been shown
that the chemical composition of the samples significantly modifies their catalytic behaviors. Also, low magnesium contents,
which cause an increase on basic properties, result in higher activity and selectivity to primary amine. The catalytic
properties were correlated with the accessibility and reducibility of Ni particles, and ethylamine adsorption heats. Thermal
stability of the takovite materials and their surface properties are also reported.
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1. Introduction peratures, in the presence of a heterogeneous
transition metal catalyst [4,5].

Raney nickel and Raney cobalt are probably
the most frequently used catalysts for the pri-
mary amine production [6-10]. Other catalysts
based on Rh, Mn and Fe have also been re-
ported [11,12]. Because of the high reactivity of
partially hydrogenated reaction intermediates,
imines or Schiff bases, a conventional hydro-
genation leads to a mixture of primary, sec-
ondary, and tertiary amines. An excess of am-
monia is found to be essential to suppress sec-
ondary and tertiary amine formation, presum-

* Corresponding author. ably due to the presence of an imine intermedi-

Amines can be prepared commercially by
hydrogenation of nitriles [1]. An example is the
hydrogenation of adiponitrile, which is used in
the manufacture of Nylon-6,6 [2,3]. First the
compound is partially hydrogenated to 6-
aminohexanenitrile, and then to 1,6-hexane-
diamine [1].

The industrial preparation of these primary
amines is usually accomplished in the liquid
phase at elevated hydrogen pressures and tem-
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ate [13]. Even under these conditions, the pri-
mary amine yield is never complete.

All products of the nitrile hydrogenation
(primary, secondary, and tertiary amines) are
basic species that will interact more strongly
with an acidic than with a basic catalyst. There-
fore, it has to be expected that on changing the
character of the support from acidic to basic, a
change in selectivity could be observed in favor
of primary amines. Recently [12,14,15], the
modification of the intrinsic acidity of catalysts
by the application of alkaline additives has been
observed to have a large impact on the selectiv-
ity of the resulting catalyst.

On the other hand, hydrotalcite-type anionic
clays (LDH) may be useful precursors of cata-
lysts. These catalysts also exhibit good activities
in hydrogenation processes and the steam re-
forming reactions [16-22].

At the same time, strong basic properties
with Hammet acidity function H_ values near
17 were identified on some of the oxides pro-
duced by calcination of hydrotalcites [23-25].
The number and strength of basic sites both
depend on chemical composition and activation
conditions [26]. The synthesis control of the
precursor could be of interest in designing hy-
drotaicite-derived basic catalysts. Actually, the
way in which these parameters affect the sur-
face basicity, and in fine the catalytic behavior
of the active metallic phase, has been scarcely
studied and are not well understood.

The aim of this work is the synthesis and
characterization of three hydrotalcite-type pre-
cursors with different chemical compositions

Table 1
Chemical composition of samples H1-H3

and their catalytic properties were performed in
the hydrogenation of acetonitrile in the gas
phase.

2. Experimental
2.1. Catalyst preparation

The three hydrotalcite-type precursors, HI,
H2 and H3, were prepared by coprecipitation, at
room temperature and at constant pH = 8.0 +
0.2, using aqueous solutions containing
Mg(NO,), X 6H,0, Ni(NO,), X 6H,0 and
AI(NO,); X 9H,0 in molar ratios Mg/Ni/Al
of 0:3:1, 0.5:1.5:1, 1.6:1.5:1, respectively, with
a1l M NH,OH titrating solution which was
simultaneously added to 0.05, 0.05 and 1 M
(NH,),CO; solutions, respectively (the third
sample was prepared with a high excess of
(NH,),CO,). The addition was performed drop
by drop under vigorous magnetic stirring. After
complete precipitation the gel was treated for 2
h at 353 K to remove ammonia and then re-
fluxed under stirring for 18 h at 343 K. Then
the gel was filtered and washed several times
with distilled water at 343 K. The solids were
eventually dried in an oven at 393 K for 72 h.

The Ni/Mg/Al contents in the coprecipi-
tates were determined by X-ray fluorescence
spectroscopy and atomic absorption spec-
troscopy. Their composition values are given in
Table 1.

Sample calcination was carried out under a
flow of air, in a programmed furnace. The

Sample  Chemical analysis Total weight Sample formulae
Ni(%) Mg (%) Al(%) C(%) N os@on
thermal
decomposition
H1 39.05 — 6.70 1.17 329 345 Ni, go AL;(OH), 64,(C03) 0oNO3)g 5, X 2.46H,0
H2 27.67 3.33 8.89 1.71 307 389 Mg .42 Nij 43 AL{(OH); ,(CO3), 14(NO;)g 6, X 2.5H,0
H3 24.51 10.31 7.42 1.65 — 323 Mg, 5¢Ni; 5, Al;(OH)g ;,(CO5), s X 2.15H,0
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temperature was increased from room tempera-
ture to 623, 773 and 973 K, at a rate of 2
K/min, the latter temperatures isothermally
maintained for 2 h.

Each sample was then reduced in a nitrogen
stream with a 10 vol% of hydrogen at 723 K
(sample H3 was also reduced at 923 K). The
reduction degree of the samples was determined
by hydrogen consumption.

2.2. BET areas

BET surface areas were calculated from the
nitrogen adsorption isotherms at 77 K using a
Micromeritics ASAP 2000 surface analyzer, and
a value of 0.164 nm? for the cross section of the
nitrogen molecule.

2.3. X-ray diffraction (XRD)

The XRD patterns were recorded on a CGR
Theta 60 Instrument using monochromatized Cu
K, radiation. Structural evolutions with tem-
perature in air and under reducing atmosphere
were studied in-situ with a high temperature
XRD attachment (Barret-Gerard system) adapted
on a CGR Theta 60 goniometer.

X-ray line broadening calculation of particle
size for the oxidic and reduced phases was
carried out using the Scherrer equation, applied
to the more intense diffraction lines.

2.4. Temperature-programmed reduction (TPR)
and thermogravimetric analysis (TGA)

These techniques were carried out in a
Perkin-Elmer TGA 7 microbalance with and
accuracy of 1 ug and equipped with a 272-1273
K programmable temperature furnace. TPR ex-
periments were performed with H, /Ar mixture
(H,/Ar, 5/95) from room temperature up to
973 K at 5 K/min. Thermogravimetric analysis
(TGA) were carried out with the microbalance
operating in a flow of dry helium (80 ml/min)
at a heating rate of 2 K/min. Thermal decom-

positions and TPR of the samples were also
followed by mass spectrometry using a Fisons
Mass Spectrometer QTMD equipped with a
273-1273 K programmable temperature fur-
nace.

2.5. Electron microscopy (TEM, FE-SEM)

Microstructural characterization of the mate-
rial was performed by field emission scanning
electron microscopy on a Leica Stereoscan 360
FE microscope and by transmission electron
microscopy on a JEOL 200CX instrument. Thin
foils of the solids were obtained by ultramicro-
tome using a diamond knife on grains embed-
ded in an epoxy resin. In order to obtain both
better resolutions and contrasts the micrographs
(FE-SEM) were obtained at lower acceleration
voltages.

2.6. Catalytic activity determination

A typical catalytic test was performed in a
microflow reactor operated at atmospheric pres-
sure. Prior to any measurement, 40 mg of sam-
ple was activated in situ. The sample was first
calcined under O,/N, mixture (20/80,
vol /vol) from room temperature up to 623, 773
or 973 K at a rate of 2 K/min. After that, the
sample was reduced at 723 K under a diluted
hydrogen flow (H,/N,: 10/90, vol/vol). The
reaction temperature ranged from 343 to 453 K.

Acetonitrile was fed by means of a positive
displacement pump, and then diluted with hy-
drogen in a mixing chamber to obtain different
acetonitrile /H, molar ratios. The reaction mix-
ture was then passed through the catalyst and
the effluent was analyzed by sampling on line to
a gas chromatograph (Perkin Elmer) equipped
with a capillary column and a flame ionization
detector.

The products were identified by GC-MS cou-
pling. All connecting lines, commutation and
sampling valves were placed in a hot box heated
at 373 K in order to prevent any condensation.
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The conversion is defined by the following
relation:

acetonitrile conversion (mol%)
= 100 X (acetonitrile,, — acetonitrile,,, )
/acetonitrile,,

The selectivities have been calculated from
peak areas taking into account the different
sensitivity factors in the flame ionization detec-
tor and were defined as follows:

Selectivity, (mol%)
= 100 X (corrected area);

/(sum of all corrected areas)

2.7. Adsorption heats and temperature pro-
grammed desorption (TPD)

The ethylamine adsorption heats were deter-
mined with a Setaram microcalorimeter DSC-
111. The flowing gas passes through the cat-
alytic bed, which is placed in the calorimetric
cell. The sample was first activated as has been
previously described for the catalytic test. Then,
after outgassing under flowing He at 723 K, the
sample was cooled to room temperature. Fi-
nally, the temperature was fixed to 313 + 0.01
K, where micropulses of the probe molecules
were fed onto the catalyst.

The thermal event in the calorimetric cell
was then recorded as a function of the adsorbate
uptake, which was monitored by a catharometer.

After the reactant adsorption, the temperature
programmed desorption (TPD) of the adsorbate
was performed under ultra pure argon. The tem-
perature was raised from 313 to 800 K at 10
K/min. The composition of evolved gas was
followed by a catharometer.

3. Results and discussion
3.1. BET areas

The BET areas of the precursors calcined at
different temperatures and summarized in Table

Table 2
Pore volume and average pore radius from physical adsorption
measurements

Sample Pore volume  Average BET surface
(ml/g) radius (nm)  area (m?/g)
H1 (nc) 0.075 19.51 15.47
H1(623K)  0.236 4.89 192.75
HI(773K) 0243 5.69 171.04
H1(973K)  0.242 6.32 153.55
H2 (nc) 0.109 17.19 2548
H2(623K)  0.299 5.69 210.22
H2(773K) 0354 6.66 212.26
H2(973K)  0.356 7.04 202.04
H3 (nc) 0.109 16.59 31.40
H3(623K)  0.340 5.10 220.38
H3(773K) 0365 5.25 240.32
H3(973K)  0.257 6.35 174.80

(nc) = non-calcined
(623 K) = calcined at 623 K.

2, show that the specific surface area values are
ranging from 15-30 m?/g for the non-calcined
samples up to 200-240 m?/g for the calcined
ones. This increase of specific surface area takes
place with a decrease of the average pore radius
(19 to 5 nm). It is important to remark that the
specific area and the stability in the temperature
range from 623 to 973 K increase with the Mg
content of the samples. The adsorption isotherms
are of type II according to the [UPAC classifica-
tion of adsorption isotherms. The calcined sam-
ples are mesoporous materials with average pore
diameter around 5 nm.

3.2. X-ray diffraction

The X-ray diffraction patterns of the non-
calcined samples show the characteristic lamel-
lar structure as reported in Table 3. The values
of ¢’ (calculated from the first basal reflection
dyo3) depicted in this table show that the sample
H3, which has only carbonate ions in the inter-
layer (Table 1), exhibits the lowest values of ¢’
(7.46 A). This latter is very similar to the
expected values from hydrotalcite-type com-
pounds [27]. However, samples H1 and H2, also
containing nitrate ions in the interlayer, have a
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Table 3
X-ray diffraction of the non-calcined H1, H2, and H3 samples
d(A) /1 L(A)
HI 8.10 100 111
4.05 23
2.52 4
242 4
1.52 6
H2 8.83 100 84
4.39 39
2.57 10
1.50 4
H3 7.46 100 167
377 42
2.55 33
1.51 21
1.48 15

L = particle size calculated using the Scherrer equation.

much larger interlayer spacing than H3. This
behavior is in agreement with other behavior
from the literature [28].

The XRD patterns of the sample H2 calcined
at different temperatures are shown in Table 4.
The crystallographic transition from lamellar to
the mixed oxide structures can be observed
from 623 K detecting mainly the NiO phase. It

Table 4
X-ray diffraction of the sample H2 at different calcination temper-
atures

d(A) 1/ L(A)
H2 (non-calcined) 8.83 100 84
4.39 39
2.57 10
1.50 4
H2 (623 K) 2.44 47
2.07 100 65
1.47 36
H2 (773 K) 2.53 5
2.44 47
2.07 100 75
1.47 36
H2 (973 K) 2.53 10
243 40
2.07 100 85
1.47 36

L = particle size calculated using the Scherrer equation.

must be noted in the XRD pattern of H2 the
appearance, with the rise of calcination tempera-
ture, of a weak reflection at d=2.53 A not
belonging to the mixed oxide structure and
which could be assigned to a non-stoichiometric
magnesium aluminate spinel-type phase [29-31].
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Fig. 1. (a) Thermal decomposition versus temperature performed in an ultra-high vacuum mass spectrometer. (b, inset) Weight decrease
versus time for the thermal decomposition of sample H1 at a temperature between 323 and 1123 K, and a heating rate of 2 K /min.
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The average size of the NiO particles calcu-
lated using the Scherrer equation is in every
case in the range of 65-85 A.

3.3. Temperature-programmed reduction (TPR)
and thermogravimetric analysis (TGA)

Fig. 1a, b shows the thermogravimetric anal-
ysis of the sample HI1 detecting the gases
evolved during heat treatment by mass spec-
trometry (a) and also the weight loss during the
same treatment (b). Two weight losses charac-
teristic of the hydrotalcite-type compounds have
been observed. The three samples show a simi-
lar behavior. The total weight loss is around
34-38% (Table 1). The main species detected
by mass spectrometry during the decomposition
process are: H,0, CO, and NO for the samples

F. Medina et al. / Journal of Molecular Catalysis A: Chemical 119 (1997) 201-212

H1 and H2, and only water and CO, for the
sample H3.

The first weight loss in the TG analysis is
due to the departure of weakly bonded water,
which is probably the hydration water located in
the interlayer space. A second step of water
release is performed between 540 and 700 K
accompanied by the departure of CO, and one
part of NO. A new emission of NO altogether
with H,O is produced at temperatures between
700 and 800 K. These latter processes convey
the decomposition of the hydrotalcite-type struc-
ture. After that, a constant release of water is
performed up to a temperature of 1000 K. This
water is probably obtained from the dehydrox-
ylation of the Al,O; phase. It can be deduced
from this analysis that the nitrate ion is more
strongly bonded than the carbonate one.

(a) o O non calcined 3(b) ©  non calcined
125 o calcinedat623K 127 o o calcineda1623K
104 o +  calcinedat773K 10 +  calcinedat 773K
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3 8 5 87
< ] P ]
= 6 S 6] o Lt+ aa
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] ] 09 s o00gd, +,
2 2] q¢88004, o
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Fig. 2. Temperature programmed reduction for the samples H1 (a), H2 (b) and H3 (c) calcined at different temperatures.
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Table 5
Some characterization parameters obtained from the LDH samples

Sample Calcination Reduction L* (A) Metal area® Activation
temperatures degree (m?/g) energy

(X) (kJ /mol)
H1 623 0.55 89 13 75

773 0.28

973 0.07
H2 623 0.30 74 8 68

773 0.11

973 0.03
H3 623 0.05

773 -

973 -

* Calculated using the Scherrer equation.® Calculated by H,
chemisorption at 298 K.

The TPR curves of the non-calcined and
calcined three samples at 623, 773 and 973 K
are depicted in Fig. 2a, b, c. Two peaks are
observed when the sample H1 is non-calcined
or calcined at 623 K. In turn, practically only
one peak can be observed for the samples HI

Fig. 3. Scanning electron micrographs from the non-calcined
sample H1 (a) and calcined at 973 K (b).

Fig. 4. Scanning electron micrographs from the samples H1 (a)
and H2 (b) calcined at 623 K and after reduction at 623 K.

and H3 calcined at 623 K. It means that reduc-
tion proceeds with more difficulty both when
the amount of Mg or/and Al in the layers of the
LDH increases and the calcination temperature
rises, as can also be seen in Table 5. However
the apparent activation energy for the reduction
process, the Ni particle size and the metal area
of the samples H1 and H2, show similar values
(Table 5).

At higher calcination temperatures only one
broad reduction peak is observed for the three
samples. The first sharp reduction peak at about
573-623 K is unchanged by the calcination at
623 K for the sample H1 but is shifted to lower
temperatures in H2. This first peak can be as-
signed to the reduction process of the Ni®* still
belonging to the layer structure of the LDH or
to the NiO type phase obtained during the calci-
nation process. The second broad reduction
peak, which is shifted toward higher tempera-
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tures when the calcination temperature increases
or when the amount of Mg is higher, can be
attributed to the reduction of a Ni—Al or Ni-
Mg-Al spinel phase [32-35]. If higher calcina-
tion temperatures are used the reduction process
can only be achieved at temperatures near 1000
K, obtaining lower reduction degrees under those
conditions (Table 5).

3.4. Electron microscopy (TEM, FE-SEM)

Stereographic pictures of calcined at 973 K
and non-calcined sample H1 are shown in Fig.
3a, b. The morphologies of sample H1 and the
other samples, are characteristic of
hydrotalcite-type materials [35,36] with a platelet
thickness ranging from 10 to 15 nm. After
calcination up to 973 K, the general morphol-
ogy is preserved but with a nodular appearance.
These nodules of about 10 nm in size are proba-
bly the NiO particles revealed by XRD.

Micrographs of samples H1 and H2 calcined

at 623 K and reduced at 623 K are shown in
Fig. 4a, b (FE-SEM) and Fig. 5a, b (TEM). The
FE-SEM results show the presence of a nodular
appearance for the sample H1, probably due to
the reduced nickel obtained during the reduction
process in complete agreement with the former
XRD data and TPR results. The morphology of
this sample after the reduction process is also
characteristic of a hydrotalcite-type material.
However, this nodular appearance has not been
observed by FE-SEM for the samples H2, prob-
ably due to a lower reduction degree. Further-
more, using the TEM technique, metal Ni parti-
cles have been detected for the two samples, as
shown in Fig. 5a, b. Although, the sample H2,
which contains Mg, shows a better dispersion
for NiO and Ni than sample HI, the metal
particle sizes detected by TEM are similar for
the two samples ranging from 5 up to 15 nm.
It can be stated, from FE-SEM, that the
physical appearance of the materials is the same
at all stages, when precipitated, calcined and

Fig. 5. Transmission electron micrographs from the samples H1 (a) and H2 (b) calcined at 623 K and after reduction at 623 K.
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reduced. In summary, the physical skeleton of
the calcined samples before and after reduction
is probably provided by an alumina-rich phase
[371.

3.5. Catalytic results

In a set of experiments, the catalysts were
tested by temperature programmed reaction from
353 to 453 K by steps of 10 K and plateaux of 2
h in which the following reactant pressures were
chosen: p(H,) = 88 kPa and P(acetonitrile) =
13 kPa. Only the samples H1 and H2 calcined
at lower temperatures (623 K) showed higher

O conversion + MEA
X DEA ¢ TEA O OmH
100 T T o OO ©
> (a)
£ Ptk ? 4
g 80 o ! 1
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(})) O +
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Fig. 6. Conversion and selectivity for acetonitrile hydrogenation
obtained from the H1 (a) and H2 (b) samples calcined at 623 K
and reduced at 723 K. Symbol OTH = diethylimine at lower
reaction temperatures and ethane and methane at higher reaction
temperatures.
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Fig. 7. Conversion and selectivity for acetonitrile hydrogenation
obtained from H3 sample calcined at 623 K and reduced at 923 K.
Symbol OTH = in Fig. 6.

catalytic activities. The plots of acetonitrile con-
version, MEA (monoethylamine), DEA (dieth-
ylamine) and TEA (triethylamine) selectivities
are shown in Fig. 6a, b. The sample H3 was
inactive due to its practically null reduction
degree. From these results, we can state that the
sample H2 shows higher activity and selectivity
to MEA than the H1 one. Also, the activity
increases with the temperature reaction for both
catalysts. Whatever the catalyst, the MEA selec-
tivity reaches a maximum value in respect to the
reaction temperature. Consequently, when re-
placing part of Ni by Mg as divalent cation an
increase of both reactivity and MEA selectivity
at low Mg content has been observed.

The by-products are mainly DEI (diethylim-
ine) at low temperature and conversion and
DEA and TEA at high temperature and conver-
sion. Also traces of methane and ethane have
been detected.

The metal surface area has been calculated
for the two catalysts by H, chemisorption ob-
taining 13 m?/g and 8 m?/g for Hl and H2
samples, rtespectively (Table 5), whereas the
conversions of the latter two catalysts for the
acetonitrile hydrogenation at 393 K have been
60 and 100%, respectively. It seems, that the
metal area value is not too relevant in respect to
the catalytic activity.
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Fig. 8. Selectivities to ethylamine from catalysts H1 and H2 at a
reaction temperature of 373 K by changing the H2 /acetonitrile
ratios.

Another experiment has been performed us-
ing the sample H3 reduced at 923 K, which
shows a metal area value of 9 m”/g. The results
are depicted in Fig. 7. This catalyst shows lower
activity and selectivity in relation with MEA.
Consequently, the catalytic behavior is by far
influenced by the chemical composition of the
catalyst in agreement with the literature data
[14].

The selectivity to MEA for the catalysts H1
and H2 at a reaction temperature of 373 K by
changing the H,/acetonitrile ratios has also
been performed. The results are shown in Fig.
8. The selectivity to MEA increases for both
catalysts with the rise of H,/acetonitrile ratios,
obtaining selectivities to MEA higher than 91
and 99%, respectively. This fact can be ex-
plained taking into account the nitrile hydro-
genation reaction mechanism [1,14). Higher hy-
drogen pressures bring about an increase in the
hydrogenation reaction rates resulting into a
decrease in the condensation reaction which
conveys the formation of secondary and tertiary
amines.

3.6. Adsorption heats and temperature pro-
grammed desorption (TPD)

To study the different H1 and H2 catalytic
behavior and check any differences in the

Ethylamine Uptake ( micromol g )

Fig. 9. Adsorption heats of ethylamine against the cumulative
amount adsorbed on H1 and H2 catalysts.

acido-basicity of the samples, a microcalorimet-
ric study of MEA adsorption and its temperature
programmed desorption was carried out. Fig. 9
shows plots of the differential adsorption heat
versus the cumulative amount of MEA. These
results show that MEA adsorption is more ener-
getic by 40 kJ /mol in the H1 compared to the
H2 sample. This fact results in a more acidic
behavior of the catalyst H1 than the H2 one, the
latter being in agreement with the TPD results
of MEA (Fig. 10). There is only one desorption
peak occurring at low temperature (= 450 K) in
the H2 sample, whereas two additional desorp-
tion peaks at around 550 and 780 K occur in the
H1 sample. This lower interaction between the
MEA and the catalytic surface for the sample

45 bttt

Signal a.u.

Temperature ( K )

Fig. 10. Temperature programmed desorption profiles for eth-
ylamine on H1 and H2 catalysts.
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H2 could explain the higher selectivity to pri-
mary amine compared to the H1 catalyst.

4. Conclusions

The preparation and characterization of three
hydrotalcite-type compounds and their catalytic
behavior on the acetonitrile hydrogenation reac-
tion in gas phase have been performed.

The specific surface areas in the range of
15-30 m?/g for the non-calcined samples in-
crease up to a maximum value of 190-240
m?/g at 623 K with no micropores present.
Surface areas also increase with the increase of
magnesium content.

Nitrate and carbonate are the compensating
anions for the H1 and H2 samples. However,
sample H3 shows only carbonate as compensat-
ing anion.

All samples show the characteristic XRD pat-
terns of hydrotalcite-type phases. The crystallo-
graphic transition from lamellar to the mixed
oxide structures can be observed from 623 K.
H1 and H2 both with interlayer nitrates show
interlayer distances larger than in H3.

TPR experiments evidenced that the re-
ducibility of the nickel oxide particles decrease
with either the increase of calcination tempera-
ture or the increasing Mg and Al contents of the
samples. Then the ease of reduction was in the
order, H1 > H2 > H3.

Transmission and scanning electron mi-
croscopy show a higher metallic dispersion of
reduced nickel with the increase of magnesium
content.

The catalytic results show that when replac-
ing part of the Ni by Mg as divalent cation,
there is an increase of both reactivity and selec-
tivity to MEA. However, when the amount of
Mg is higher (sample H3) a decrease on both
reactivity and selectivity is conveyed. On the
other hand, it has been observed for all samples,
that a H2 /acetonitrile ratio rise produces higher
selectivities to MEA.

The higher selectivity to MEA observed from

sample H2 with respect to H1 can be explained
by a lower acidic behavior of the catalyst H2
than the H1 one.

To sum up, hydrotalcite-type anionic clays
can be useful as precursors of catalysts for the
acetonitrile hydrogenation reaction. The addi-
tion of magnesium produces modifications both
on the activity and the selectivity of the cata-
lysts, obtaining higher selectivities towards pri-
mary amines. Furthermore, the production of
primary amines is usually accomplished under a
high ammonia pressure to suppress the conden-
sation reactions yielding secondary and tertiary
amines, hence, the catalysts obtained from basic
anionic clays might have a potential interest for
the manufacture of primary amines.
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