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Abstract: Raney nickel was used as catalyst in the hydrogen electrode for an alkaline fuel cell. The hydrogen elec-
trode manufactured with the Raney nickel catalyst which was sintered at 700°C was found to have the highest electrode
performance. Using the Raney nickel powder of average particle size 90 A for the electrode, the current density which
had been measured was 450mA/ecm’ at 80°C using 6N KOH solution as an electrolyte. The effects of PTFE addition
were investigated with CO—chemisorption, polarization curves and Tafel slope. CO—chemisorption had shown the optimum
value when the Raney nickel was mixed with 5wt% of PTFE, but from the current density and Tafel slope at porous
Raney nickel electrode, the appropriate value of PTFE addition was 10wt%. Recommendable Ni and Al portion for
Raney nickel was 60:40 and loading amount was 0.25g/cm?. Also the influence of pressing pressure for manufacturing
catalytic layer and for junction with gas diffusion layer was examined. The morphology of catalyst surface was investi-
gated with SEM. The influence of reactivation time and heat-treatment temperature were also studied.
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1. Introduction (AFC) demonstrated by Becon in 1932 and accom-
plished a 5 kW system in 1955 which was used 30%
From the successful H,~0O, alkaline fuel cell KOH as an electrolyte at 200°C[1], much inter-
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est has been focused and developed the fuel cell.
Alkaline fuel cell technology was developed in the
early 1960’s for the NASA Space Program for ter-
restrials used and has several advantages over phos-
phoric acid fuel cell(PAFC)[2-3]; (A) potentially
higher energy efficiency caused from the higher
rates of oxygen reduction, (B) low operation tem-
perature and better maierial tolerance and (C) bet-
ter performances. It is suitable in application where
only quite small units are required such as aero-
space, military purposes and electrical vehicics.

However the cost of catalyst is important factor
for the commercial application because most of cat-
alysts used in electrode is noble metal such as plati-
num and the hydrogen electrode in alkaline fuel
cell, Pt impregnated on carbon black or Raney nick-
el is used as catalyst. The Raney nickel is usually
employed as catalysts for the hydrogen electrode be-
cause of their low corrosion rates, large surface
area and high activity in alkaline solution[4-16].
Therefore, AFC system could abandon noble metal
as electrocatalyst.

The electrochemical characteristics of the elec-
trode could be governed with physical and chemical
factors such as wetting property, Teflon content
[10], electrode structure[ 11], surface area[12] and
heat—treatment method[13]. In this study, Raney
nickel was prepared at various sintering tempera-
tures(500-800°C) using the mixture of different
mass fraction of nickel and aluminum and the opti-
mum condition was confirmed. Also the amount of
PTFE content at the catalytic layer, heat treatment
temperature and reactivation time of the electrode
with governed the electrochemical characteristics of
the porous electrode was studied.

2. Experimental

2. 1. Preparation of Raney nickel

The fabrication process of Raney nickel catalyst
is followed. The various mass fraction of carbonyl
nickel and aluminum powder was mixed in mortar
for 1 hour thoroughly with water. The obtained mix-
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ture was pelleted by pressing at 200kg/cm’ and sin-
tered at 700°C with the rising temperature of 2°C/
min in hydrogen atmosphere and cooled in nitrogen
atmosphere until it reached at room temperature.
The alloy was grinded again in mortar and leached
aluminum with 6N NaOH solution at 80°C for 24
hours. Obtained as a black precipitate was washed
with distilled deionized water, partially oxydized and
stored in vacuum prior to the manufacturing of the

electrode.

2. 2. Materials and manufacturing of the electrode
Materials for this experiment and manufacturing
process of the porous electrode were used and pre-
pared with already presented paper{8]. But soxhlet
in acetone was carried out to remove residual sur-
factant which was originally mixed in PTFE disper-

sion.

2. 3. Methods of measurement

The electrochemical characteristics were mea-
sured with the Potentiostat/Galvanostat(EG&G
PARC Model 273A) and same half cell system of
prior paper was used[8]. The electrochemical perfor-
mances of the porous electrode were measured in 6N
KOH solution at 80°C and the geometric area of
electrode which contact with the electrolyte was lem®

Residual Al content was measured with direct cur-
rent argon plasma emission spectrometer(DCP) or
energy dispersive X-ray spectrometer(EDAX, Link
sys. 560). CO-chemisorption was carried out with
Cahn 2000 Micro-Balance and the flow of He and CO
gas were controlled with Multiple-Dyne-Blender. In-
vestigation of morphology and crystallinity were car-
ried out with SEM(JSM 350. JEOL) and X-ray
diffractometer(Rigaku Co.), respectively.

3. Results and discussion

3. 1. Effect of PTFE content in catalytic layer

In general, micropores of the catalytic layer are
filled with electrolyte and the fuel gas stream into
via macropores[ 17-18]. If the distribution of large
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pore-size is exist in the catalytic layer at the
hydrogen electrode, the fuel gas is leaked by the
bubbling through the large pores and the total work-
ing area of catalytic layer is diminished. Thus the
control of porosity and structure of electrode is an
important factor for the increase of electrode per-
formance.

CO-chemisorption of Raney nickel and nikel cata-
lyst were carried out to compare the surface area
containing various PTFE contents and shown in
Fig. 1. Raney nickel catalyst had shown the highest
value of CO—chemisorption amount when they were
mixed with 5wt% of PTFE. With the increase of
PTFE contents, the discrepancy of CO-chemisor-
ption amount was appeared caused the excess of
PTEF surrounded the surface of Raney nickel cata-
lyst and blocked the pore entrance[9], therefore it
diminished the CO-chemisorption site of catalyst
and also interrupted the diffusion of fuel gas to the
electrolyte—catalyst interface.

Higher chemisorption amount of Raney nickel
than amount of Inco 255 or 287 only seemed to be
due not only to the large effective surface area but
also to the good catalytic activity of Raney nickel.
With the result of Fig. 1, it could be estimated that

o)

(a)

w

>

(b)

N

(c)

—

(d)

Chemisorption amount(mg CO/g Ni cat.)
w

(=]

10
PTFE content(wt%)

15

o
o

20

Fig. 1. Influence of PTFE content on CO-chemisoption
amount of Raney nickel catalyst.
(a) produced with INCO. 255
(b) produced with INCO. 287
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Fig. 2. Influence of PTFE content on mass activity
and Tafel slope of porous hydrogen electrode.
(a) Raney nickel produced with INCO. 255
(b) INCO. 255

the hydrogen electrode manufactured with a Raney
nickel catalyst containing 5wt% of PTFE will show
the superior electrode performance. But as demon-
strated in Fig. 2, the mass activity of hydrogen elec-
trode which was prepared with the Raney nickel cata-
lyst had the highest value of 1.65A/g when the cata-
Iytic layer was mixed with 10wt% of PTFE. This dif-
ference caused that less than 10wt% of PTFE was
not sufficient to make well-dispersed state and to pre-
vent the gas leak at the catalytic layer. The success-
ful performance of the electrode reaction was de-
scribed by the Tafel slope in Fig. 2. It was concurred
with the tendency of mass activity and had the value
of 77.5mV/decade when the electrode were manufac-
tured with the Raney nickel catalyst containing 10wt
% of PTFE.

The influence of PTFE content on current density
and operating time dependence was illustrated in Fig.
3. When the electrode containing less than 8wt% of
PTFE mitially showed the high current density and
shown the decrease according to the operating time.
The electrolyte wetted rapidly because there were lit-
tle amount of PTFE to control the macropores
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Fig. 3. Influence of PTFE contents on current density
of porous hydrogen electrode containing
Raney nickel catalyst with time dependence.
(a) 4wt%, (b) 6wt%, (c) 8wt%, (d) 10wt%,
(e) 12wt%, and (f) 14wt%

and lead to show the high electrode performance
immediately. But gradually the fuel gas was leaked
and the electrode hold the bubbles of fuel gas on the
surface layer. It prevented the penetration of elec-
trolyte and the real surface area of catalytic layer
was decreased. In the case of more than 10wt% of
PTFE addition, the increase of current density was
due to the fact that unreduced catalyst was activ-
ated during the passage of fuel gas. They almost
had the saturated value after 60 minutes of opera-
ting time in this experiments.

3.2. Optimum sintering temperature for Raney
nickel catalyst

The influence of sintering temperature for the
preparation of Raney nickel with the particle size
and electrode performance was investigated. For ob-
taining the best condition of sintering temperature
and confirming the relationship between particle size
and electrode performance, the polarization charac-
teristics of porous hydrogen electrodes containing
these catalyst individually were studied and the
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Fig. 4. Influence of current density of porous
hydrogen electrode prepared from Raney
nickel treated at various sintering tempera-
ture for Ni-Al alloy.

(a) 500°C, (b) 600°C, (c) 700°C, and (d) 800°C

results were shown in Fig. 4. The electrode perfom-
ance were considerably influenced by the sintering
temperature of Ni-Al alloy formation. The electrode
containing Raney nickel catalyst prepared by sinter-
ing at 700°C showed the highest current density. It
could be explained with the two experimental
results, change of particle size and various precur-
sor formation with different alloy temperature.

To determinate the average particle size d(A) of
Raney nickel catalyst, the line broadening method
from the XRD patterns with Scherrer equation was
used[ 14]. The particle size of Raney nickel was in-
creased linearly as the tempertature increased. It
suggested that the diminish of the real surface area
of catalyst with the increase of particle size as the
sintering temperature increased and finally large
particle size affected the electrode performance be-
came worse.

The X-ray diffraction patterns of Ni~Al alloy sin-
tered at various temperature(500-9007C) were rep-
resented in Fig. 5. At 500C and 600°C of sintering
temperature, there was a little evidence of Ni-Al
alloy and higher than 700°C, characteristic peaks
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Fig. 5. X-ray diffraction patterns of Ni-Al alloy.
(a) sintered at 500°C, (b) sintered at 600°C
(¢) sintered at 700°C, (d) sintered at 800°C
(e) sintered at 900°C

of Ni,Al; and NiAl; which is needed for preparation
of Raney nickel had been appeared. But higher than
800, though NiAl; peak was decreased and Ni,Al;
peak was increased, the liquid phase of NiAl; and
Ni,Al; could be exist and obtained high dense of
alloy lead to decrease of surface area. Also it was
hard to powdering the Ni-Al alloy which was pro-
duced at the sintering temperature higher than 800
C. This tendency was resulted as the difficulty of
leaching the aluminum from the Ni-Al alloy.

3. 3. Effect on the different mass fraction of Ni and
Al powder for Raney nickel

The Raney nickel was manufactured with various
mass fraction of nickel and aluminum powder for
Ni-Al alloy and compared the electrochemical char-
acteristics of the electrode using these different cat-
alysts.
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As shown in Fig. 6, the current density of the elec-
trode were considerably influenced by the portion of
nickel and aluminum content. When the catalysts
were prepared with 60wt% of nickel and 40wt% of
aluminum and sintered at 700°C, the electrode shown
the highest current density of 450mA/cm?. From the
binary phase diagram of Fig. 7[19], 40wt% of nickel
content indicated the region of NiAl; and 60wt% in-
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Influence of current density at the hydrogen
electrode produced with various portion of
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Fig. 7. Assessed AI-Ni phase diagram(reference 19).
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dicated Ni,Al;. Though the phase diagram obtained
from liquid phase and equilibrium state and it could
not correspondent to the alloy from powder state,
but similar tendency had been obtained. As illustrat-
ed in Fig. 8, with the increase of Ni content ap-
proach of Ni,Al; region was founded and the inten-
sity of characteristic XRD peak of NiAl; was dimin-
ished a little. With the respect of stoichiometry,
almost 50:50 of Ni . Al could be produce equivalent
ratio of Ni,Al; : NiAl;, NiAl; is more difficult for
leaching the aluminum than Ni,Al, and unleached
NiAl; could exist and diminish the activity of cata-
lyst. Actually residual aluminum amount was de-
creased from 7.7% to 3.4% obtained from DCP or
EDAX data as nickel amount were increased from
40% to 60%. Therefore it was found that 700°C of
sintering temperature and 60:40 of Ni and Al por-
tion was appropriate to obtain the high active
Raney nickel catalyst and its surface area was 54m?*/g.
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Fig. 8. X-ray diffraction patterns of Ni-Al alloy.
(a) NidOwt% : Al 60wt%
(b) Ni50wt% : Al 50wt%
(c) Ni60wt% . Al 40wt %
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3. 4. Influence of pressure for manufacturing the
electrode and catalyst loading amount

Because the pore distribution of catalytic layer is
influenced by the manufacturing pressure, anodic
current density of hydrogen electrode prepared by
different pressure should be compared. Less than
100kg/cm?® of pressure, the electrode could not ob-
tained and the increased of pressing pressure made
the electrode performance worse caused the com-
pact of pore distribution. The influence of current
density and wettability at hydrogen electrode ac-
cording to the various pressing pressure for catalyt-
ic layer was shown in Fig. 9. Rapid decrease of cur-
rent density was appeared with the increase of pres-
sure due to the penetrate of catalyst to the gas dif-
fusion layer. It was confirmed with SEM photo-
graphs.

In hydrogen electrode with the Raney nickel cata-
lyst, the active site was controlled by the loading
amount of the catalyst. With the increase of cata-
lyst amount, the electrode performance would be in-
creased. But shown in Fig. 10, when the electrode
with the loading of 0.25g/cm? indicated the highest
value of 450mA/cm?® and decrease as the increase
of catalyst loading amount. With the increase of
loading amount, the mass transfer was hindered
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Fig. 9. Influence of current density and wettability
at the hydrogen electrode according to the
various pressing pressure for catalytic layer.
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Fig. 10. Relation between current density at the
hydrogen electrode and various loading
amount of Raney nickel catalyst.

cause the increase of thickness and the decrease of
electrode performance could be assumed.

3.5. Effect of heat treatment temperature and re-
activation time in hydrogen electrode

The electrode was heat treated in a nitrogen at-
mosphere to sinter the PTFE particle and to remove
the surfactant containing originally in the PTFE
dispersion. The various temperature of heat treat-
ment was carried out and the effect were compared
with the mass activity of electrode. Fig. 11 illustrat-
ed that the best electrochemical characteristics was
shown when the electrode heat treated at 340°C.
Heat treatment of the electrode at melting point of
PTFE which was confirmed with TGA curve im-
proved the anodic electrode performance and pro-
vided the good uniformity of pore size on the elec-
trode.

Raney nickel is pyrophorous in air, the surface of
Raney nickel should be oxidized for easy handling
by slow controlled oxidation before further process-
ing. Since the air-oxidized Raney nickel powder is
no longer catalytically active, it must be reactivated
before application as hydrogen electrode in the half

Fig. 11. Influence of heat treatment temperature on
mass activity of porous hydrogen electrode.

cell. With the appearance of saturated value when
it was heat-treated more than lhr at 340°C in H,
atmosphere, it could be concluded that at least lhr

of reactivation time was required to maintain the

good electrode performance and it was important
precondition for reducing oxidized Raney nickel par-
ticles.

Long-term performance of the electrode manu-
factured under the given experimental conditions
showed the tendency of increasing the current den-
sity during the operation of half cell until it run 3hr
from 350mA/cm? to 450mA/cm? This was seemed
to the increase of catalytic activity because the flow
of hydrogen gas is attributed to the reduction of re-
maining unreduced Raney nickel during the reacti-
vation. For more operaﬁng time than 3 hrs, the

equivalent value of electrode performance was ex-
hibited.

4. Conclusion

PTFE bonded Raney nickel was used as the cata-
lyst for the hydrogen electrode in alkaline fuel cells.
Raney niclel catalysts were found to have the high-
est CO-chemisorption amount when mixed with 5wt
% of PTFE. But the current density of the elec-
trode showed the best performance prepared with

J. of Korean Ind. & Eng. Chemistry, Vol.3, No.3, 1992
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the catalyst containing 10wt% of PTFE. The Raney
nickel catalyst sintered at 700°C with the 60% of
nickel and 40% of aluminum mixture showed the
optimum electrochemical characteristics. The appro-
priate pressing pressure for manufacturing the elec-
trode was 100kg/cm’ and recommendable loading
amount of catalyst was 0.25g/cm? After heat
treated at 340°C and reactivated for 1 hour, the
electrochemical characteristics of hydrogen elec-
trode were improved.
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