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The influence of the chemical composition and structure of
nickel base alloys on their catalytic activity was examined using
the electrochemical reduction of 1-nitropropane as a test reaction.
The electrocatalytic activity of cathodes consisting of crystalline
and amorphous Ni-alloys, respectively, with systematically varying
composition was analyzed. Aluminum, iron, and palladium were
added as alloying elements. The effects of the nonmetallic com-
ponents of the amorphous alloys, i.e., boron and silicon, which
are required as glass formers, were also assessed. The results are
discussed in terms of the effects of alloy composition and struc-
ture of the cathode materials on electrocatalytic hydrogenation and
the electron transfer/protonation process at the cathode as a test
reaction. (© 2002 Elsevier Science (USA)
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INTRODUCTION

The activity and the selectivity of Raney nickel catalysts
for various reactions have been investigated as a function
of the residual aluminum content after leaching. Since the
different compositions of the precursor alloys and leach-
ing conditions applied to activate the catalyst affect not
only its final composition but also other properties such
as the specific surface area, porosity, and surface oxida-
tion, a direct correlation of the chemical composition of
the metallic catalyst with its catalytic properties is virtu-
ally impossible. In order to distinguish the factors of in-
fluence, the present work is based on nickel alloys of dif-
ferent well-defined specimens which were prepared from
the beginning with compositions close to those of activated
Raney catalysts without undergoing the activation treat-
ment. Accordingly, these samples, which had no porous,
nanocrystalline microstructure, were subjected to a sepa-
rate analysis of the effects of alloy composition, surface
morphology, and other factors of influence. Both the clas-
sical method to manufacture metal strip through casting,
rolling, and heat treatment and the preparation by high
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speed strip casting, the so-called rapid solidification tech-
nology, were used. The second mode of preparation can
serve to produce an amorphous structure in alloys of suit-
ably selected chemical composition. In this case metalloid
elements such as silicon and boron are added in a rela-
tively high concentration in order to achieve glass forma-
tion. Their content was typically in the 20 to 25 at% range.
It was surmized that the metalloid components could affect
the specific catalytic activity. Therefore, some alloys with
variations in B and Si content were also investigated. Ef-
fects of B and Si have been observed, e.g., during the water
electrolysis at electrodes consisting of amorphous metal-
metalloid alloys (1).

The catalytic properties of amorphous metals and alloys
have been reviewed by Molnar et al. (2) and Baiker (3). Nu-
merous publications are concerned specifically with prob-
lems of their use as electrodes for electrocatalytic reactions
which were reviewed critically by Tsirlina et al. (4). How-
ever, only very limited information has been generated so
far which covers the effects of the chemical composition of
alloy electrodes systematically and compares the catalytic
activity of crystalline and amorphous electrodes, e.g., during
electrochemical reduction reactions. In general, amorphous
alloys are less active in conventional catalytic reactions and
become effective only after a suitable surface treatment
leading to an activated state (4, 5).> On the other hand, an
activation treatment may not be required for some electro-
chemical reactions (4).

Vracar et al. (7) describe by way of theoretical consid-
erations regarding hydrogen evolution at Pd—Ni electrodes
the influence of the electrode properties on the electron
transfer and the chemisorption on the electrode surface
without discussing the different features of amorphous and
crystalline surfaces. A very concise analysis of electrocata-
lytic hydrogenation is given by Robin ez al. (6) in terms of
the hydrogenation of unsaturated polycyclic aromatic com-
pounds. They discuss the role of the cathode surface and

2 This surface activation should be distinguished from the activation
treatment of Raney catalysts by treatment of a precursor alloy in an al-
kaline hydroxide solution, which leads to the conversion of the precursor
alloy into a nanocrystalline nickel-rich and highly porous state.
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other factors of influence during electrochemical catalytic
reduction. In particular, they differentiate between elec-
trocatalytic hydrogenation (ECH), i.e., via transient hydro-
gen chemisorption at the catalyst surface, and the reduction
by electronation—protonation (EP), i.e., by direct electron
transfer, as the dominating mechanism.

In investigating the catalytic properties of amorphous
metals and alloys, different authors have emphasized that
rapid solidification technology permits to produce alloys
with phase compositions and microstructures not accessi-
ble by conventional crystallization. Accordingly, this leads
to materials with specific structures as well as electronic
properties which can be analyzed regarding individual con-
tributions to catalytic properties for specific reactions. Ini-
tially it was claimed that the unstable state of amorphous
metal surfaces would be catalytically more active than their
crystalline counterparts in general. However, by a number
of investigations it was established that the amorphous state
does not show a favorable influence on the reduction po-
tential or the reaction yield in every case. It is surmized that
the lower activity of amorphous alloys compared to that of
Raney catalysts may be due to the absence of porosity in
the amorphous state. But this would mean that crystalline
alloys of corresponding composition should have a similarly
low activity.

Considerable experimental work has been devoted to
the use of amorphous electrodes in water electrolysis by
Kreysa et al. (8-10). They studied the influence of the
composition of amorphous Fe-Co and Ni-Co base al-
loys on the effectiveness of hydrogen and oxygen forma-
tion in alkaline media. The activity of amorphous alloy
electrodes is higher due to the lower overvoltage com-
pared to crystalline Pt or Ni electrodes. The electrodes
were characterized by polarization curves and by means
of cyclic voltammetry. Other authors found only negligible
differences of the hydrogen evolution on crystalline and
amorphous electrodes of alloys such as Ni-Zr, Cu-Ti, and
Fe-Zr (11). A clear effect of the alloy composition was
found with amorphous Cu-Ti which is discussed in terms of
the dissociation energies of metal hydrogen bonds. Tsirlina
et al. (4) examined specific properties of amorphous al-
loys modified by ion implantation. They assume—but do
not show direct structural proof—that during the implanta-
tion of different ions “insular crystalline surface structures”
are generated along with a high degree of segregation on
amorphous surfaces which would determine the catalytic
activity.

The catalytic effectiveness of amorphous alloys in or-
ganic oxidation or hydrogenation reactions was examined,
among others, regarding the Fischer—Tropsch process or the
hydrogenation of unsaturated hydrocarbons. In these cases
only a few amorphous alloys were exhibiting favorable
properties (12). However, a number of amorphous alloys
are suitable as precursors for the production of highly active

catalysts, as summarized by Baiker (3) where the formation
of oxides with particular structures and electronic proper-
ties determine the catalytic behavior.

EXPERIMENTAL

Four kinds of metallic cathode materials were produced.
Polycrystalline Ni-(AlFe,Pd) alloys (K series) were pre-
pared by conventional induction melting, casting into a
copper mold, rolling into strip form 10 mm in width and
0.2 mm in thickness, and final annealing treatment for
recrystallization. One single crystal with a {111} surface
was prepared (sample E1). Structurally, all crystalline al-
loys were solid solutions of the alloying elements Al,
Fe, Pd in face-centered cubic Ni. The polycrystalline mi-
crostructure exhibited isometric crystallites with an aver-
age grain size of about 50 um for pure Ni and 5-20 um
for the Ni base alloys. A typical microstructure is shown in
Fig. 1.

Amorphous Ni—(AlLFe,Pd)-Si,B alloys (N and L series
with variations of the metallic and metalloid components,
respectively) were manufactured by rapid solidification
using a cooling wheel onto which the alloy was cast
through a slitted nozzle in strip form, 10 mm in width
and about (30 & 5) um in thickness. The structure was
analyzed by X-ray diffraction. The samples were either
fully or dominantly amorphous with minor fractions of
crystalline phases present (10 to 30%) as indicated in
Table 1.

The manufacturing process leaves the amorphous speci-
mens with two different surfaces as shown in Fig. 2. These
apparently different surfaces were investigated separately
at higher microscopic resolution. The “shiny” side is the

FIG. 1.
cathode. Light micrograph.

Characteristic microstructure of a Ni-Al polycrystalline alloy
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TABLE 1

Chemical Composition and Structure of the Samples

Composition [atomic% |

No. Sample designation Ni Al Fe Pd Si B Structure

K10 Nijgo.0 100 — — — — — polycrystalline
K1 Nigg oAl 98.0 2.0 — — — — ”

K2 Nigs 1 Alyg 95.1 4.9 — — — — ”

K3 Nigg4Alg g 90.4 9.6 — — — — ”

E1l Nigy 1 AlysFeq 4 94.1 4.5 14 — — — single crystal
K6 Nigy ¢AlsoFes s 91.6 49 3.5 — — — polycrystalline
K7 Nigg sPdg s 99.5 — — 0.5 — — ”

K8 Nigg oPd; o 99.0 — — 1.0 — — ”

K9 Nigg1Pdi.9 98.1 — — 1.9 — — ”

N10 Ni74_4Si7_7B19»g 74.4 — — — 7.7 19.8 amorphous

N1 Nizp2 Al Siz¢B179 72.7 1.8 — — 7.6 17.9 ”

N2 Nizo7Al35Si78B1go 70.7 3.5 — — 7.8 18.0 ”

N3 Nigg.0Alg9Siz5B176 68.0 6.9 — — 7.5 17.6 ”

N6 Nigs.cAlssFe;7Si77B1og 68.6 3.5 2.7 — 7.7 19.8 ”

N7 Niz4.6Pdo3Si7.8B20.0 74.6 — — 0.3 7.8 20.0 ”

N9 Niz 5Pdy 4Si78B2og 72.5 — — 14 7.8 20.0 ”

L18 Nipn Al gBosg 72.6 3.8 — — — 23.6 ca. 60-70% amorphous
L19 Niz90Al37B273 70.0 3.7 — — — 273 ca. 80% amorphous
L20 Ni(,g_gAh_osilgj 68.8 4.0 — — 19.5 — n. a.

L21 Ni75Al39Si542 72.5 3.9 — — 24.2 — ca. 10-20% amorphous

free surface in the casting process which has solidified in
contact with air and is essentially smooth; the “dull” side
is the surface which has solidified in contact with the cool-
ing wheel; its roughness is caused partly by the surface of
the cooling wheel and partly by the inclusion of air be-
tween the cooling wheel and the strip as it forms. On the
scale of resolution of an atomic force microscope the spec-
imens were essentially smooth. All samples were analyzed
chemically by standard methods. The results are given in
Table 1.

In this investigation, cyclic voltammetry (CV) was em-
ployed to test the catalytic activity but only the reduction
branch was evaluated. The reverse scan is omitted in the
representation of the results. The alloys listed in Table 1
were used as cathodes for the electrochemical reduction of
1-nitropropane as a test substrate in aqueous electrolytes
at pg = 1.0 and pyg = 6.8, respectively. The 1-nitropropane
reduction reaction was applied as an indicator of the effects
of different structural states—amorphous or crystalline—
and alloy concentrations. The electrochemical reduction
of nitrobenzene, which is generally used to characterize
Raney nickel catalysts, e.g. (15), is poorly reproducible in
CV measurements since the potential/current curves are
partially irreversible. Therefore, this test reaction was not
applied here. The complete possible reduction sequence
of 1-nitropropane is illustrated in Fig. 3 according to a
survey of the electrochemical reduction of aliphatic ni-
tro compounds (14). The possible alternative reduction se-
quences of 1-nitropropane C3H7NO, may be described as
follows:

EP-mechanism ECH-mechanism

First reduction step
C3H7NO; + 2H* + 2e~ 2H* 4+ 2e~ =2H
= G3H;NO + H,0O C3H;NO, + 2H
= GH;NO + H,O

Second reduction step
C3H;NO +2H™" + 2e~ 2H" +2e” =2H
= GH;NHOH GH7NO +2H
= C3H;NHOH

The potential of the cathode was varied continuously at
a constant rate starting from 0 V vs NHE to a potential
of —1.25 V vs NHE while the current density was mea-
sured. Subsequently the potential was reset to 0 V and kept
constant for a predetermined time for equilibration to be
attained before a new cycle was started. In this case, at a
finite scan rate, the curves j =f(E) have the form shown
schematically in Fig. 4. The peak cathodic potentials E} at
the minima of the current density, two reduction peaks oc-
curring at py = 1.0 one at pyy = 6.8, respectively, were used
as indicators of the activity of the cathode regardless of
which of the individual peaks was attributed to a particu-
lar electrochemical reduction reaction of 1-nitropropane.
Aqueous solutions of 1-nitropropane are saturated at
0.157 mol 17! at room temperature. In order to increase
the conductivity, 0.25 mol 1-! of potassium sulphate was
added to the electrolyte.

The electrochemical investigations were carried out us-
ing a computer-controlled potentiostat PS6 (Meinsberg)
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FIG. 2. Characteristic surfaces of a Ni-Al-Si-B amorphous alloy
cathode prepared by rapid solidification: (a) free surface; (b) contact sur-
face. Scanning electron micrographs.

at a scan rate of 0.02 Vs~!. Calibration measurements
showed that the magnitude of the reduction potential was
not shifted as a function of scan rate in the range 0.005—
0.050 V s~!. At py = 1 within the potential range investi-
gated the proton reduction proceeds at a noticeable rate,
whereas in the neutral range at pyg ~ 6.8 this reduction can
still be neglected (Figs. 5 and 6, dashed curves). The so-
called zero current in the pure electrolytes as a function the
potential at every cathode was measured first for the unam-
biguous subsequent determination of the reduction current
density j(E) and, thus, of the reduction potential. In the
cyclic voltammograms of 1-nitropropane, only one reduc-
tion peak was found at pyg = 6.8, while two reduction peaks
could be discerned and measured separately at py = 1. Pos-
sibly the other reduction peaks (at potentials < —1 V vs
NHE) remain invisible since they are masked by the reduc-
tion current of the protons.

The cathode consisted of a strip of the material to be
tested which was covered with paraffin foil such that an

CH
\CHZ/ %N+7o
[‘ 1 - Nitropropan
O
1st step :
+2H +2¢
2 o) 1 - Nitroso-
ScHy W
2nd step :
+2H" +2e

H3C CH
2 OH - —amino-
\CH2 W 1-Hydroxy-amina

FIG.3. Reduction sequence of 1-nitropropane.

effective surface of 28 mm? was exposed to the electrolyte.
A Pt sheet with a surface of 600 mm? served as the anode.
First, each cathode was cleaned in chloroform and was cy-
cled in the pure electrolyte at least 5 times. Only the first
and second cycle showed a small difference in the poten-
tial/current curves, which can be attributed to the reduction
of an oxide film on the surface. After these five cycles, the
reactant 1-nitropropane was added to the electrolyte and

10

current density j / mA.cm™
w
o
T

70 1 1 1 1 1
-125 -1 -075 -05 -025 O

potential E / V vs NHE

FIG. 4. Schematic plot of the electrocatalytic reduction of 1-nitro-
propane.
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stirred until it had dissolved to saturation. The experimen-
tal scatter of the reduction potential E, from the repetition
of measurements on the same specimen was determined to
be £0.01 V.

RESULTS

Typical reduction branches of the CV curves obtained at
different cathodes and at two different py levels are shown
in Figs. 5 and 6. In Fig. 5, at pg =1, the dashed curves re-
sulting from measurements in the pure electrolyte exhibit a
“step” at about —0.3 V vs NHE which can be attributed to
the incipient reduction of protons. In Fig. 6, at pH 6.8, in the
range up to a potential of about —0.85 to —0.9 V vs NHE
no reduction process is indicated. Obviously, in the neutral
medium the reduction reaction of the H* ions is shifted to
a more negative potential.

After addition of 1-nitropropane at py =1, Fig. 5, two
reduction peaks can be found in the potential range exam-
ined, while only one peak can be observed at py = 6.8, Fig. 6.
Due to the intensive hydrogen evolution the other steps at
lower potentials cannot be revealed. The reduction peaks
of the 1-nitropropane are unusually wide. The mean peak
width at half-height of the first reduction peak amounts to
AEcs = (0.160 £ 0.016) V compared to a theoretical value
of AE, = 0.056 V. Therefore, the transfer current density
in the peak minimum cannot be an exact measure of the
electron transfer. Nevertheless, a value of 1.72...1.87 V
could be estimated based on the Randles—Sevcik equation.
This indicates a two electron transition which corresponds

0
Al / at%
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(}IE o0 4.9
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70 I I I I I
-1.26 -1 -0.75 -0.5 -0.25 0
potential E / V vs NHE
FIG.5. Electrocatalyticreduction of 1-nitropropane at crystalline Ni—

Al alloy surfaces, py = 1.0. Dashed lines, pure electrolyte; solid lines, after
addition of 1-nitropropane; scatter, £0.05 V.
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FIG. 6. Electrocatalytic reduction of 1-nitropropane at crystalline Ni—
Al alloy surfaces, py = 6.8. Dashed lines, pure electrolyte; solid lines, after
addition of 1-nitropropane; scatter, £0.05 V.

to the reaction scheme given in Fig. 3. Peak broadening
can be caused both by impeded adsorption processes and
by electron transfer behavior at the electrode surface. All
reduction potentials measured in the present investigation
are listed in Table 2.

TABLE 2

Results of Electrochemical Reduction Experiments

Reduction potential £, V vs NHE

Sample designation pu=1 pu = 6.8

No. Designation 1st step 2nd step 1st step
K10 Niig0.0 —0.628 —0.876 —0.870
K1 Nigg oAl —0.512 —-0.778 —0.850
K2 Nigs 1 Alsg —0.469 —0.761 —0.860
K3 Nigg4Algg —-0.471 —0.787 —0.830
El Ni94_1 Al4»5F€1_4 -0.350 —0.780 —0.820
K6 Ni91‘6A14‘9FC3‘5 —0.487 —0.838

K7 NiggsPdo s —0.324 —0.548 —-0.570
K8 Nigy oPd1 —0.590
K9 Nigg 1 Pd; 9 —0.580
N10 Ni74.4Si77B19g —-0.374 —0.876 —0.870
N1 Niz 2 Al gSiz76B179 —0.669 —0.896 —0.990
N2 Niz7Al35Si78B1go —0.660 —0.830 —0.950
N3 Nigg 0Als9Si75B176 —0.723 —0.924 —1.000
N6 Ni(,g_()Al}sFezjSi7_7B19Ag —0.723 —0.953 —1.040
N7 Nizg6Pdo3Si7.8B20.0 —0.405 —0.644 —-0.570
N9 Nizz.5Pd; 4Si78B20.0 -0.374 —0.626 —0.540
L18 Ni76Al38Bass —0.836 —0.830
L19 Niz0Al37B273 —0.850 —0.850
L20 Nigg g AlySitos —0.831 —0.880
L21 Nizp5Al39Siz42 -0.757 —0.890
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In Figs. 7 and 8 the data for E}) of Table 2 are plotted as a
function of the metallic alloy concentration. The observa-
tions may be summarized as follows:

1. Pd additions to Ni raise the reduction potential £ to
the least negative values corresponding to the highest reac-
tivity of all alloys investigated. There is neither a significant
composition dependence between 0.5 and 2 at% Pd nor a
measurable difference between the crystalline and amor-
phous alloys, as observed at py = 6.8, Fig. 8.

2. The most prominent feature of the Ni—Al alloy se-
ries is the different level of the reduction potential when
comparing the crystalline (K series) to the amorphous
(N series) alloys. The amorphous alloys exhibit a more neg-
ative reduction potential by —0.1 up to —0.2 V at both py
levels and for both reduction steps at all Al concentrations
indicating a lower activity of the amorphous alloys.

3. Regarding the effect of the Al content in solid so-
lution in the Ni base alloys on their activity at pgp=1
there is a clear initial increase with Al content (0 <m%
Al <?2) for the crystalline alloys. The apparent tendency
of a further increase for the crystalline and of a decrease
for the amorphous alloys, at both levels of py, is hardly
beyond the experimental scatter (£0.05 V). Thus, these
effects of composition may not be significant, at least
they cannot be derived unambiguously with the method
employed.

4. The addition of Fe (N6, K6) shows no clearly dis-
cernible effect on the activity beyond experimental error
even though a tendency to lowering the activity of the
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Al(K series
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q
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FIG.7. Concentration dependence of the reduction potentials of 1-
nitropropane at different crystalline and amorphous Ni-base alloy sur-
faces, py = 1.0. (full symbols) 1st step; (open symbols) 2nd step.
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FIG. 8. Concentration dependence of the reduction potentials of 1-
nitropropane at different crystalline and amorphous Ni-base alloy sur-
faces, py = 6.8, first reduction step.

amorphous alloys may be derived if the data points are
taken at face value.

5. Tt is interesting to note that the activity of the single
crystal specimen (E1) tends to be higher for both reduc-
tion peaks at pg =1 compared to a polycrystalline sample
of similar composition. This would indicate that the {111}
planes of the fcc lattice of these Ni alloys is more highly
reactive than the other crystal orientations. But this would
have to be substantiated by further experiments.

6. The concentration variations of the L series alloys,
containing either B or Si at different levels while Al was
kept constant, showed no significant effects of the kind and
concentration of the metalloid elements.

DISCUSSION

The mechanism and the rate of heterogeneous electro-
chemical reduction depend on the effects of electrode prop-
erties, of electrode potential, and of the properties of the
reactant on the electron transfer on the one hand, and on
the concentration in the adsorption layer, its structure, and
steric arrangement on the cathode surface on the other
hand. Therefore the complete process is determined by the
composition of the electrolyte, the type of the medium, the
structure of the electrode surface, the temperature etc.

The Nernstian equation describes reversible electro-
chemical reactions:

E® = E° — (RT/nF)*In(A,;/A,), [1]

where E° is the standard potential of the reversible reac-
tion, A, and A; are the activities of the initial and the final
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product, respectively. Under identical experimental condi-
tions the measurable effective potential £ (rather than the
thermodynamically defined quantity £°) may be used for
the characterization of the electron transfer at the cathode
and, thus, of the electronic structure at its surface. The ef-
fective reduction potentials at different cathodes measured
for a suitable test substance can be compared directly, if
the reaction conditions (such as the py, temperature, con-
centration) which influence the reaction mechanism and
kinetics are held sufficiently constant.

In principle, the electrochemical reduction of organic
substances in aqueous systems can proceed by 2 different
mechanisms (6):

1. Reduction of protons to atomic hydrogen, its absorp-
tion in the electrode metal and reaction between this stored
hydrogen and the adsorbed substance S (electrocatalytic
hydrogenation, ECH mechanism) :

(a) H"+e- — H
(b) H+ S — reduced substance.

2. Direct electron transfer from the cathode to the ad-
sorbed substance S and subsequent addition of protons
(electronation—protonation, EP mechanism):

(a) S+e” — S~
(b) S~ + H' — reduced substance.

Which of these two mechanisms is realized under a given
set of conditions depends on the properties both of the sub-
stance to be reduced and of the cathode material (6). If the
reduction potential of the protons on the cathode is more
positive (including overpotential) than the reduction po-
tential of the substance itself, the first mechanism (ECH)
is realized with great probability. In this case the prone-
ness of the cathode material to hydrogen absorption plays
a certain role and the magnitude of the respective overpo-
tentials of the proton reduction would be an indication of
the catalytic activity. According to (10) the higher capac-
ity for hydrogen absorption of a crystalline FegyByy alloy
accounts for its higher catalytic activity. For Raney Ni and
Devarda Cu catalysts Delair ef al. (14) assume that only an
ECH mechanism is operative.

From our experimental results it may be concluded that
the mechanism of the reduction of nitropropane depends
on the py of the different electrolytes used. Whereas in the
case of high proton concentration the reduction of nitro-
propane sets on at nearly the same potential as the hydrogen
formation, in neutral electrolytes a measurable difference
between these potentials exists. The reduction step of the
protons (reaction 1a), clearly seen at py = 1 at a potential
of about —0.25 V vs NHE, disappears in the presence of 1-
nitropropane, possibly because the intermediarily evolved
hydrogen atoms react at a high rate with the absorbed ni-
tropropane and 2 reduction peaks appear, Fig. 5. In the
neutral medium at py = 6.8, Fig. 6, the reduction of the ni-
tropropane takes place at a potential more positive than the

potential of the proton reduction, i.e., at about —0.7 V vs
NHE, compared to about —0.9 V vs NHE for the protons.
Under these conditions, a direct reduction of nitropropane
without the intermediate step of the formation of active
hydrogen could occur (EP mechanism).

In these two cases the rate and the mechanism of the
catalytic reaction as well as the measured reduction poten-
tial depend on two different sets of factors of influence: in
the first case on the properties of the electrode material,
its hydrogen overvoltage, the capability for the hydrogen
consumption, as well as the activity of the absorbed hydro-
gen atoms; in the second case on the reduction potential
of the test substance itself. In the case of Pd containing Ni
alloys at electrodes of the K series a somewhat more pos-
itive reduction potential of the protons could be detected
in electrolytes at py =1, Fig. 7, whereas for the other al-
loys and at py = 6.8 no significant influence was observed.
This fact may be attributed to the higher “hydrogen activ-
ity” of the Pd in the respective alloys. An ECH mechanism
of reduction is realised and thus the higher electrocatalytic
activity of these alloys, Figs. 7 and 8, could be explained.

CONCLUSIONS

The experimental results show that cyclic voltamme-
try is suitable to analyze the influence of the structure—
crystalline or amorphous—and the chemical composition
of the cathode material on the electrocatalytic activity of
the Ni based alloys investigated. Both the amorphous and
the crystalline state and the alloy composition showed a
definite influence on the catalytic activity in the electro-
chemical reduction test reaction. The effectiveness of com-
position variations is weak in the case of Ni—-Al alloys and
strong for the Pd additions. Moreover, this influence is more
marked in the case of crystalline alloys than in the case of
amorphous alloys. In the acidic electrolyte (py =1) at all
electrodes, i.e., also with the Ni—Al alloy series, a tendency
to more positive potentials, i.e., a decrease in the hydrogen
overvoltage, compared to the pure nickel electrodes, could
be observed; this influence is strong initially and hardly in-
creases further with increasing alloy concentration.

The catalytic effect of the difference in structure is strik-
ing. Given the absence of an effect of the metalloid concen-
tration as indicated by the results from the L series, it can
be concluded that in the present alloy system the crystalline
state is definitely more active catalytically than the amor-
phous state for the test reaction employed. Furthermore,
the effect of the Al content is to increase the activity in the
crystalline state and to decrease it in the amorphous state.
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