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ABSTRACT 
 
As part of the development of a portable fuel cell using 

direct Borohydride fuel, method for deposition of the 
catalysis on the diffusion layer have been studied. The 
undesirable tendency for pore clogging due to sodium 
metaborate formation in the small pores where the high 
reaction and low flow rate cause a high metaborate 
concentration is observed. As one alternative, a nickel 
substrate based diffusion layer with larger pore size is under 
evaluation. However, a revision of the catalyst deposition 
method is needed for the application of nickel substrate. 
Three diffusion layer materials including open weave 
carbon cloth, Nickel Micro Fiber felt (NMF), and a nickel 
foam, were used along with  a new catalyst deposition 
method to realize maximum uniform surface coverage. The 
catalyst coated diffusion layers were then run and compared 
in a test cell. A significant increase in cell power was 
obtained with nickel foam compared to nickel felt, or with 
carbon cloth substrate. Run time test results of catalysis 
coated Ni felt-foam and carbon cloth diffusion layers will 
be presented. 
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1 INTRODUCTION 
 
Since Indig and Snyder reported a practical 

demonstration of direct electricity generation from 
borohydride ions in the early 1960s, borohydrides are 
considered to be a promising fuel for fuel cell due to their 
high potential based on high hydrogen contents, for 
example, NaBH4 contains 10.6 wt% of hydrogen [1]. 
Therefore various studies have been performed to study the 
effective hydrogen generation as well as the direct 
electricity generation.  The advantages of the Direct 
Borohydride Fuel Cell (DBFC) are its higher Open Cell 
Voltage (OCV) > 1.75 V and operational voltage > 1.0 V 
which result in higher power density than that of PEMFC or 
DMFC. However, different from other types of fuel cell, 
the water management issue has to be imminently 
considered [2]. Management is based on the unique features 
of the electro-chemical reaction described in below that 
continuously produces a reaction byproduct i.e. metaborate 
which has a lower solubility than Borohydride. 
Simultaneously the water concentration in fuel solution 
decreases due to the proton migration to the cathode [3]. 

 
The anodic half reaction : 
NaBH4 +2H2O → NaBO2 + 8H+ + 8e-   (1) 
 
The cathodic half reaction : 
4H2O2 + 8H+ + 8e- → 8H2O   (2) 
 
These features cause a tendency for metaborate pore 

clogging in the small pores of the diffusion layer of anode 
substrate. This tendency is enhanced by the high local 
reaction and low flow rate in these regions. This effect can 
cause a rapid fall-off of the cell performance.  

In earlier studies it was found that the extended space 
with high fuel flow rate among the anode substrate does not 
prevent ion and electron migration because of the fuel itself 
is an electrolyte [4]. Based on this experience, use of a 
substrate structure with a larger pore size is proposed here 
for the DBFC anode electrode to avoid clogging.  

 
2 EXPERIMENTAL 

 
2.1 Preparation of Anode  

In the other earlier studies deposition of the catalyst 
onto a porous carbon cloth diffusion layer was studied [5]. 
Results from using the same electro-deposition method to 
directly apply a Pd catalyst onto a carbon cloth substrate are 
shown in Figures 1 and 2. 

  

Figure 1: Carbon cloth substrate structure. 
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Figure 2: Pd catalyst on carbon fiber surface using electro-
deposition method. 

As an alternative substrate material, two types of Nickel 
based substrate structures, Nickel foam and Nickel Micro-
fiber Felt (NMF), are selected for study (Figures 3 and 4). 
The same Pd deposition method onto these Nickel surfaces 
did not work well. Therefore several electrochemical and 
chemical techniques, related to surface coverage and 
catalysis effective area, have been surveyed and employed 
in the present work. Electroless barrel plating method was 
successfully employed to deposit Pd on the Ni surface of 
both substrate structures [6]. This deposition method 
employs a solution of hydrazine which is injection pumped 
into a solution of ammonium hydroxide, sodium (EDTA; 
Ethylene Di-amine Tetra Acetic Acid), and a tetra-amine 
complex of palladium. 

  

Figure 3: Nickel Foam with 0.5 mm pore size. 

In order to confirm successful Pd deposition on the Ni 
surfaces, SEM/EDS analysis was performed utilizing a 
Hitachi S4700 SEM at the University of Illinois Materials 
Research Laboratory. As presented in Figure 5, a thin 200 
nm of Pd layer was deposited on Ni surface as marked 2. 
Marked 1 in Figure 5 is the area where Pd deposition is 
peeled, which is attributed to the non-uniformity of Ni 
surface cleaning when the Pd deposition process is carried 
out. 

  

Figure 4: Nickel Micro-fiber Felt structure with 20~30 μm 
diameters of Ni fiber. 

The EDS peaks in Figure 6 and 7 clearly show that the 
material in the peeled areas is pure Ni and the other areas 
are well covered with Pd. It is shown that the Ni peak also 
appears in Figure 7 from the Pd plated surface area marked 
2 in Figure 5 indicating the penetration of electron beam 
through the thin Pd layer.  

  

1 

2 

Figure 5: Pd plated on Ni foam. (1) Area where Pd 
deposition is peeled. (2) Pd plated area 

 

Figure 6: EDS analysis on the spot marked 1 in figure 5. 
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Figure 7: EDS analysis on the spot marked 2 in figure 5. 

In the case of the NMF substrate structure, the plated Pd 
layer was thicker than the Ni foam owing to the uncertainty 
of the surface area estimation due to the randomized size of 
the fiber shape and its surface morphology characteristics. 
The over saturated lump shape of Pd layer on the Ni Micro-
fiber surface is shown in Figure 8. As expected, the EDS 
peak in Figure 9 shows that most of its surface contributes a 
higher Pd but a lower Ni peak than that obtained in Figure 7. 

  

Figure 8: Pd plated on Ni Micro-fiber Felt. 

  

Figure 9: EDS analysis on the Pd plated NMF surface in 
figure 8. 

The SEM/EDS analysis results confirmed that 
palladium coated the vast majority of the surface area. 
Besides these 3 different anode electrodes are prepared in 5 
x 5 cm size of square shape that provides 25 cm2 of active 
areas to fit in the DBFC test cell. 

 
2.2 DBFC Test Cell 

DBFC test cell shown in Figure 10 has been used to 
evaluate MEA performance with the various anode 
electrode structures. The test cell structure and materials 

selection were made for ease of use in the laboratory where 
components are frequently interchanged. A more compact, 
lighter structure would be used in a practical cell for 
commercial applications. 

  

Figure 10: Assembled DBFC test cell with 25 cm2 of active 
areas. 

As presented in Figure 11, a serpentine flow channel 
design is employed in the graphite end plates. Stainless 
steel end plates are attached to both anode and cathode side 
for current collection and coolant circulation in order to 
carry out the performance evaluation under the controlled 
temperature conditions. 

  

Figure 11: Structure of the DBFC test cell. 

 
2.3 Experimental Results 

Experiments were performed under optimized 
conditions determined from prior experiences [3-5].  The 
anode fuel consisted of 10 wt.% sodium borohydride, 5 
wt.% sodium hydroxide and 5 wt.% ammonium hydroxide 
in water. The purpose of ammonium hydroxide is to 
stabilize borohydride from its hydrolysis and to help 
dissolve the reaction product NaBO2. The cathode oxidizer 
was 10 wt. % hydrogen peroxide and 5 wt.% phosphoric 
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acid in water. The controlled running temperature is 25 oC. 
All tests were conducted using Nafion NRE-212 as the 
proton exchange membrane. Total catalyst loadings were 
maintained constant among the substrates tested. The 
results of these initial tests presented in Figure 12 indicates 
that a significant increase in cell power is obtained with 
nickel foam anode (384 mW/cm2) compared to nickel felt 
anode (216 mW/cm2), and even more increase when 
compared to that with carbon cloth substrate anode (180 
mW/cm2). 

 

Figure 12: I-V and I-P performance of DBFC test cell. 

 
3 CONCLUSION 

 
As expected these tests indicate that the anode electrode 

with larger pore size substrate is effectively prevents or 
reduces the clogging tendency caused by metaborate 
byproduct precipitation. The possible reduction of the ion 
conductivity due to the lengthened transport path created by 
the larger pore size appears to be negligibly minor. Thus the 
new designs are quite attractive to apply in simplified 
DBFC system design with a less complexity of BoP.  

 

 

Figure 11: Conceptual design of the simplified DBFC for 
PRC-77 Military Radio 
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