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Abstract: Nickel was used as a catalyst for the hydrogen electrode in alkaline fuel cell. The optimum elec-
trolyte concentration and recommendable operating temperature identified from polarization curves were 6N
KOH and 80, respectively. Comparing the conductivity, apparent pofosity and current density at porous
hydrogen electrode manufactured with various PTFE additions, the proper content of PTFE was 10wt%.
Chemisorption was carried out to define the appropriate surface area. The electrode produced with 10wt % of
PTFE and sintered at 340°C showed more than 200mA /cii of current density. The morphology of electrode
surface was investigated with SEM. Cold pressing, hot pressing, rolling and calendering methods were car-
ried out for manufacturing the electrode, and eletrochemical characteristics for each method was studied.
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1. INTRODUCTION advantages; favorable higher conversion effi-
ciency of fuel, use of the exhaust heat, noise-
After the energy crisis, world-wide interest less conversion, lower production of pollutants
in fuel cell has been increased and developed. and minimal siting restriction.
Environmental strains resulted from combus- First successful H,-0O, alkaline fuel cell was
tion of fossil fuels have demanded the develop- started in 1932 by Bacon and culminated in a
ment of new energy system. Fuel cell which 5-kW system in 1955 which was used 30%
can continuously convert the chemical energy KOH as an electrolyte and was operated at
of fuel into the electrical energy has several 200°C[1]. Alkaline fuel cell( AFC) technology
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was developed in the early 1960’s for the
NASA- Space Program for terrestrials uses.
AFC has several advantages over phosphoric
acid fuel cell(PAFC)[2, 3]; (A) potentially
higher energy efficiency caused from the
higher rates of oxygen reduction, (B) low op-

eration temperature and better material toler-

Catalytic layer

ance and (C) better performances. The eco-
nomic factor such as the cost of catalyst is im-
portant for the commercial application because
most of catalysts used in electrode is noble
metal such as platinum. But in AFC, Raney
nickel and carbonyl nickel powder are em-
ployed as catalysts for the hydrogen elect-
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Fig. 1. Fabrication process of porous electrode.
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rode because of their low corrosion rates in
alkaline solution[4-97].

The effectiveness of the electrode could be
governed with physical and chemical factors
such as wetting property, teflon content[10],
electrode structure[ 117, surface area[12] and
activation method[13]. In this study, nickel
powder(INCO. 287) was selected as catalyst.
The effects of sintering temperature, amount
of PTFE content and others on the electro-
chemical characteristics of the porous hyd-
rogen electrode were investigated.

2. EXPERIMENTAL

2. 1. Meterials

INCO. 287(International Nickel Co. Ltd,
United States) was used without further puri-
fication for the catalyst, and PTFE of Teflon
30J(Du Pont) was used as binder. Carbon
paper for the gas diffusion layer was pur-
chased from Toray Co. of Japan (TGP-H-60,
73% of porosity, 0.17mm of thickness).
Deionized water after triple distillation was
also used and the other reagents were ob-
tained from Aldrich Chem. Co..

2. 2. Preparation of Electrode

The porous hydrogen electrode consisted
of the catalytic layer and gas diffusion layer.
The fabrication process is shown in Fig. 1. For
the catalytic layer, polytetrafluoroethylene
(PTFE) dispersion was homogenizing with an
ultrasonic generator (US-300T, Japan) in
small amount of water and then mixed with
INCO. 287. After homogenizing again, it was
dried overnight at room temprature until it be-
came a paste. The content of PTFE added in
catalytic layer or gas diffusion layer was cal-
culated by percent in weight against the dry
powder.

The obtained paste was pelleted by press-
ing, calendering or rolling method with iso-
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propyl alcohol on 60 mesh stainless steel net
for mechanical support and by sintering at 300
C~1000C in N, atmosphere for 1 hr. The
heating rate was 2°C/min.

The gas diffusion layers were prepared with
carbon paper containing 40wt% of PTFE dis-
persion and dried in room temperature. They
were attached to the catalytic layer with hot
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Fig. 2. Scheme of half cell.
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press at 300°C, activated for lhr in H, gas at-
mosphere, and stored in vacuum prior to elec-
trochemical investigation, an additional acti-
vation was done in the same way.

2. 3. Method of Measurement

Fig. 2 shows the apparatus for measuring
the electrochemical characteristics. Potentio-
stat/Galvanostat(EG & G PARC Model 173)
connected with IBM computer system was
used for this experiment. The counter elec-
trode was Pt gauze and the reference elec-
trode was NHE. The IR drop was reduced by
making close the reference electrode through
the luggin capillary to the working porous
electrode. The whole cell assembly was sealed
to prevent from the precipitation of potassium
bicarbonate and/or carbonate.

For calculating the conductivity, four-probe
method with the instrument manufactured in
our laboratory was performed. Investigtation
of morphology was carried out with SEM(JSM
350, JEOL).

Surface sreas were measured with CO
adsorption method. The apparent porosity of
the electrode was determined from the weight
difference between dry electrode and wet elec-
trode with known density of the catalyst.

3. RESULT AND DISCUSSION

3. 1. Influence of Temperature and Concen-
tration of Electrolyte

The changes of current density according to
the electrolyte concentration and operation
temperature of electrolyte were measured at
the nickel plate electrode and the porous
hydrogen electrode with a catalyst of 0.3g/an’
and shown in Fig. 3 and Fig. 4. As shown
there, the electrochemical characteristics of
the nickel plate and the porous hydrogen elec-
trode was improved linearly with the increase
of temperature. Considering the vaporization

of water and decrease of the ionic conductivity
of electrolyte with the increase of temperture, the
following experiment was carried out at 80°C.
They were also influenced considerably by
the concentration of electrolyte. Over 6N KOH
it showed almost similar tendency but high
concentration of KOH caused the increase of
the solubility of Raney-Ag used[14] for cath-
ode catalyst and the decrease of O,-reduction
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Fig. 3. Plots of current density vs. temp. in vari-
ous KOH electrolyte concentrations at
nickel plate electrode.
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Fig. 4. Plots of current density vs. temp. in vari-
ous KOH electrolyte concentrations at
30wt% PTFE bonded hydrogen electrode.
(a) 7N, (b) 6N, (c) 5N and (d) 4N.
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rate. So 6N was selected as the optimum con-
centration of KOH electrolyte.

3. 2. Effect of Electrode Thickness

The dependence of current density accord-
ing to the various catalyst loading amount and
thickness of the active layer at porous
hydrogen electrode sintered at 340°C with
10wt% of PTFE has been studied and the
results are presented in Fig. 5. The load-
ing amount of catalyst at catalytic layer was
varied between 0.2 and 0.4g/cn. Before 0.29g
/om*  of catalyst loading, the polarization
characterictics was increased with the in-
crease of catalyst loading amount but showed
the tendency of decreasing after loaded more
than 0.3g/cm’,
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Fig. 5. Influence of catalyst loading of the active
layer on the polarization charaterictics.

These results indicated that thickness of the
catalytic layer had a profound influence on the
electrochemical performance. Below 0.9mm of
catalytic layer thickness, the current density
of the electrode was increased while above of
this thickness the electrode showed a little
decay of current density.

It could be explained with the electrolyte
film model that catalyst loading is proportional
to the thickness and the polarization resistance
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w is expressed as the fuction of catalytic layer
thickness d.

L2
w= JpK coth %

where p is the electrolyte resistivity in the cat-
alytic layer and K is the polarization resi-
stance of the catalyst.

For obtaining the accurate data, calibration
in each experiment is needed from the differ-
ent catalyst loading and thickness, Fig. 5 was
provided as the parameter for the next experi-
mental run.

3. 3. Effect of PTFE Contents in Catalytic Layer

In general, micropores of the catalytic layer
are filled with electrolyte and the fuel gas
stream into via macropores[ 15]. Thus the con-
trol of porosity and structure of electrode is an
important factor for the increase of electrode
performance. The electrochemical characteris-
tics and properties of the hydrogen porous
electrode with various PTFE contents which
was used as binder and wet-proof agent were
examined.

In Fig. 6 the conductivity and apparent po-
rosity of active layer produced with different
PTFE contents from 5wt% to 50wt% were
calculated. With the absence of PTFE, it was
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Fig. 6. Plots of conductivity and apparent porosity
vs. PTFE content of porous hydrogen elec-
trode (sintered at 340°C).
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difficult to produce the electrode which had
mechanical endurance. As the PTFE content
was increased, it showed the tendency of di
minishing the conductivity and apparent poros-
ity. In the case of mixing with 5wt% PTFE, it
is expected to have the best result in electro-
chemical characteristics.

But as shown in Fig. 7, a rapid increase of
current density with the increase of PTFE con-
tent was observed and a sharp decrease cur-
rent density was occured with the further
adding of the PTFE. The maximum current
density was appeared when 10wt% of PTFE
was contained in the electrode. It could be 1l-
lustrated that the role of binder was not suffi-
cient at the electrodes in the case of mixing
with 5wt% PTFE. When 10wt% of PTFE was
mixed, the uniformity of pore size and prevent
of gas leak could be reached as a well-dis-
persed electrode and high activity of electrode
was accomplished with the catalysts which
had a large surface area.

The polarization resistance @ and Tafel
slope showed the same rezult caused the loss
of surface area due to the excess PTFE cover-
age at the surface of catalyst as shown in Fig.
8 and Fig. 9. This was concurred with the
result of chemisorption shown in Fig. 10. In
the case of active layer containing 10wt%
PTFE had maximum surface area of 75m/g.
From the SEM photographs in Fig. 11, the
changes of morphology were confirmed that
the distribution of nickel particles became
sparse with the increase of the amount of
PTFE.

3. 4. Effect of Sintering Temperature

In Fig. 12, TGA curves of PTFE and PTFE
mixed with nickel powder were shown. The de-
composition temperature of PTFE was 536°C
and shifted to the right when nickel powder
was mixed. For obtaining the suitable sintering
temperature, the investigation of electrochemi-
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Fig. 7. Plot of current density vs. PTFE content of
porous electrode (6N KOH, 80°C).
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Fig. 9. Plot of CO chemisorption vs. various
PTFE contents.

J. of Korean Ind. & Eng. Chemistry, Vol.3, No.2, 1992



236 Hong-Ki Lee and Ju-Seong Lee

200

150

100

Tafel slope(mv/decade)

50

0 5 10 15 20 25 30 3
Content of PTFE(wt% )

wn

Fig. 10. Change of Tafel slope according to vari-
ous PTFE contents in catalytic layer.

cal performances with the electrode prepared
at different sintering conditions was carried
out.

Under the given experimental condition, Fig.
12 illustrated that 340°C was the most appro-
priate temperature for the optimal electro-
chemical behavior of the hydrogen electrode;
the temperature of 340C means the melting
point of PTFE and provides the good disper-
sion on the electrode. For the comparison of
the structure of nickel powder sintered at 400
C or 1000°C, SEM photographs were shown
in Fig. 13.

Fig. 11.  SEM photographs of porous hydrogen electrode containing PTFE sintered at 340C.
(a) 5wt% of PTFE, (b) 10wt% of PTFE, (c) 15wt% PTEE and (d) 20wt% PTEE.
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Fig. 12. TGA curve of PTFE.
(a) PTFE only
(b) PTFE + Ni powder mixture

Skeleton structure was found when sintered
at 1000°C and not obtained when sintered
below 400°C. With those two electrodes con-
taining the catalyst which had different struc-
tures, the almost similar current density of
210mA/cni was obtained. For the simplifica-
tion of the electrode manufacturing process,
sintering at 340°C could be recommended.

3. 5. Different Manufacturing Processes of
Hydrogen Electrode
Effects of different processes for manu-

facturing the hydrogen electrodes with the-

above mentioned condition were investigated
and the results are reported in Table. 1.
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Fig. 13. Plot of current density va sintering tem-
perature(6N KOH, 80C, 10wt% of
PTFE and catalyst loading 0.29g/cnt ).

Table 1. Effect of Different Process on Proper-
ties of Ni Hydrogen Electrode (10wt%
of PTFE, catalyst loading 0.25 g cri)

process | apparent porosity | current density(mA /ari )
cold pressing 33.66 170
hot pressing 30.12 200
rolling 41.25 156
calendering (1 63.31 160
calendering (2 38.72 205

The electrode obtained from hot pressing
method showed good current density due to
the good adhesion of catalytic layer and gas
diffusion layer compared with cold pressing or
rolling method. The apparent porosity of each
electrode showed in the range from 30.
1% to 41.2%. In the case of calendering meth-
od, 160mA/cmi of current density was im-
proved to 205mA/ci when the apparent po-
rosity of electrodes droped from 63.3% to 38.7
% due to the uniform pore size -and to the pre-
vent of gas leak. As controlled the apparent

porosity arounds 40%), the maintenance of uni-
form pore size and prevent of gas leak was ac-
complished.

J. of Korean Ind. & Eng. Chemistry, Vol.3, No.2, 1992



238 Hong-Ki Lee and Ju-Seong Lee

X1588 080822 .
(a) | (b)

pSKU X10088 08ES
(c)

Fig. 14. SEM photographs of nickel particle.
(a) nickel powder
(b) INCO. 287
(c) sintered at 400°C containing 30wt% of PTFE
(d) sintered at 1000°C containing 30wt % of methyl cellulose

4, CONCLUSIONS of nickel was below 0.3g/cni.
3. The electrode mixed with 10wt% of PTFE
From these results, the following conclusions in nickel powder showed well-dispersed
can be drawn; characteristics and highest electrode per-
1. It suggested that the optimum condition of formance.
electrolyte concentration and operating 4. Sintering the electrode around the melting
temperature was 6N KOH and 80°C, respec point of PTFE showed good electrochemical
tively. characteristics and there was no difference
2. The maximum thickness of active layer was whether sintered at 340°C or at 1000°C.
0.9mm and proper catalyst loading amount 5. For the large-scale production calendering
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method is recommended. 6. J. Freel, W. J. Pietres, and R. B. Abderson,
J. Catal., 16, 281 (1970).
ACKNOWLEDGMENT 7. A. R. Despic, D. M.
Diaz, and V. Li. Vujcic, J. Electrochem. Soc.,
This work has been supported by the long- 111, 1109 (1964).
term basic reseach program of ADD in 8. C. E. Pearce and D. Lewis, J. Catal, 26,
KOREA. 318 (1972).
9. T. Kenjo, Bull. Chem. Soc. Jpn, 54, 2553
REFERENCES (1981).
10. K. A. Kloinedinst, W. M. Vogel, and P.
1. A. A. Adams, F. T. Bacon, and R. G. H. Stonehart, J. Mat. Sci., 12, 693 (1977).
Watson, Fuel Cells, W. Mitchell, Jr., Aca- 1. T. Katan and H. F. Bauman, J.
demic Press, NY(1963). Electrochem. Soc.; Electrochemical Science
2. A. J. Appleby, B. E. Conway, and J. 0" M. and Technology, 122, 77 (1975).

12. T. Tomida and I. Nakabayashi, J. El-
ectrochem. Soc., 136, 3296 (1989).
13. U. A. Tracey, Powder Metallurgy, 2, 45

Bockris “Electrocatalysis in Modern As-
pects of Electrochemistry” Vol. 9, 369

(1974).
3. A. J. Appleby and F. R. Foulkes, “Fuel (1979).
Cell Handbook” Von Nostrand Reinhold, 14. A. J. Appleby and F. R. Foulkes, “Fuel
NY (1989). Cell Handbook” Von Nostrand Reinhold,
4. H. Ewe, E. W. Justi, and H. J. Selbach, En- NY, 90, 384 (1989).
ergy Convers. Mgmi., 24, 97 (1984). 15. S. Motoo and M. Watanabe, J. Electroanal.

5. K. Mund, G. Richter, and F. von Strum, J. Chem., 160, 351 (1984).

Electrochem. Soc., 124, 1(1977).

J. of Korean Ind. & Eng. Chemistry, Vol.3, No.2, 1992



