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ABSTRACT

B QAF%E Chemical hydride Hele] FALHAE EFT AHARE o1 4T Ay @
Zete dadAYY §4¢ 2AsAch Chemical hydrides ABAAS $4FFAo2H
AH8d 5 e, B d79L KOH dsjdd] $2 2442 Sodium Borohydride (NaBH,)&
A7hste] AzE AANQRE G2 AuAA ) FFFLA F2olA vl 5 WY
ety 4eaAE 4e £ AN oW §F FBAR ZCrNi: FLAZTF] 145
Qom, FZe wsAeld sHEA o] BAE PC 7t AHLHQL, airrh lamo g P
FFIAT. &3 dIF XRD ¥MEH $FMY Aol s Sodium Borohydride
(NaBH)7b E3igo] 47t 245w, d&x02 W87 FAHNE AA7t A5t
AL g 4 Jdut oluf P == 6,000 Alvkg (for NaBH, or KBHa)o) t}.

FRIIEE0 : Alkaline fuel cell(@Zetl A=A A]), Chemical hydride(3} 82} 4= A Al A)),
Metal hydride(7= 4 A§3F), Sodium borohydride(NaBH.) (A& B 23lo]| =g
o] &), Alkaline solution(g7]14 £€9), Hydrogen fuel (429 8)

by the electrochemical reaction of hydrogen
1. Introduction with atmospheric oxygen’ ™. Generally, fuel

Fuel cells produce the electric current directly cells whose anode is directly supplied with
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hydrogen gas as a fuel have been utilized
because the electrochemical reaction can also
occur at a normal temperature and its efficiency
is very high. However, the hydrogen fuels
have the disadvantages that their storage
density is lower than that of other fuels, and
thus their economical efficiency is low.

In the meantime, the studies of fuel cells of
the type which employ a hydrogen-containing
hydrocarbon  compound methane,
propane, methanol, hydrazine, ammonia, and the
like in place of the hydrogen gas in the solution
of electrolyte, or of the type which supplies
hydrogen reformed from such a compound for
the anode, have been developed® ™. However,
these fuel cells have the disadvantages that
they require high temperature (e.g., 100-300T)
for effective oxidation/reduction reactions of
hydrogen/oxygen and that the reaction rate is
Thus, the reaction efficiency is
degraded as compared with cells using
hydrogen gas.

As a new fueling concept, it can be
suggested that the chemical hydrides act as
new fuel media supplying hydrogen at normal
temperature. Chemical hydrides (NaBH,, LiH,
NaH, etc.) are very reactive with water, which
results in releasing a large amount of Ho.
Generally, to minimize the hydrolysis, the
borohydride ion should be stabilized by
hydroxide ions ([OH-] > 5 M), which is
confirmed by empirical rule!”.  The solution
can release hydrogen gas if catalyzed or
acidified. =~ Therefore, in battery application,
gas-releasing conditions are to be avoided.

such as

slower.

Release of hydrogen gas is undesirable because
it can reduce the energy available and causes a
variety of other undesirable characteristics for
the cell. The chemical hydride, reducing agent,
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plays a role in reducing a metal hydride in

alkaline solution through producing the
hydrogen atom in the oxidation/reduction
reaction.

As a representative example, C. Iwakura et al
have suggested that KBH. acts as a reducing
agent for improving the activation properties of
MH electrode'”’

They have also found that the lattice volume
of alloy was expanded due to the absorption of
hydrogen atoms released from BH; into the
alloy particles and the formation of the new
electroactive surfaces. It has been suggested
that a key factor in modification by a reducing
agent for improving the characteristics of MH
electrodes is due to both the electrons and
atomic hydrogen released.

5. Wakao et al have also investigated the
behavior of Zr~based hydrogen storage material
in the alkaline solution containing the reducing
agent such as hydrazine (N;H)™. When these
alloys were immersed into the hydrazine
solution, they rapidly extracted and absorbed
hydrogen from hydrazine molecule until they
were saturated by hydrogen. As a result of the
extraction of hydrogen, the evolution of nitrogen
gas occurred. Immersing hydrogen-absorbing
alloys into the hydrazine solution is one of the
interesting techniques of hydriding. Eventually,
as a similar concept, to know MH electrode
characteristics of the «cell reaction in
borohydride solution is important to its
application to the electrode of a borohydride fuel
cell.

In this work, the approaches for overcoming
these disadvantages of prior art are reported.
As a result, it was examined that when a
hydrogen-releasing agent, NaBHj, is added to
an aqueous alkaline solution of electrolyte as
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hydrogen fuel, the elecirochemical reaction rate
is higher at a normal temperature than that of
cells containing other hydrogen fuels.

2. Theoretical backgrounds

According to the present work, an alkaline
fuel cell is provided which contains a
hydrogen-releasing agent (chemical hydride)
selected from the group consisting of NaBH,,
KBH,, LiAlHs, KH and NaH, The reactions at
the electrodes of the alkaline fuel cell containing
the hydrogen-releasing agent are as mentioned
below.

First, the added hydrogen-releasing agent
releases hydrogen and electron in the aqueous
electrolyte through an
electrochemical decomposition and oxidation by
the hydrogen storage alloy catalyst. Where the

solution of

hydrogen-releasing agent is NaBH, the
following reactions will occur:

NaBH, — Na* + BH (1)
BH -Salabst, pp- 4 g (2)
BH; +OH  — BH3;0H + e (3)

BH,O0H~ <aabst, pyon- + H @

BH ,0H  + OH —BH,(OH) ; + e~ (5

BH, (OH) 7 ~44bt, prr(om) 7 + H  (6)

BH(OH), + OH —BH, (OH) ; + e~ (7)

BH (OH) ; S48t pomy; +H @

BH(OH); + OH —B(OH) 4 t+ e )

B(OH) ; —Salabst, po 1 om0 (10

The above equations (2) to (10) can be
represented by the following single equation:

BH{ +40H™ — B0, +2H,0

(1D
+4H + 4e”

Where the hydrogen-releasing agent is KBH4
or the others, similar decomposition reactions to
the equations (2) to (10) will occur in the
aqueous solution of electrolyte to produce
hydrogen in the solution.

Hydrogen, which is generated by the above
hydrogen-releasing agent, is stored in a
hydrogen storage alloy anode as a hydrogen
storage material, e.g., metal hydrides to supply
the hydrogen fuel. The reaction involved can
be represented by the equation:

M+ XxH reversible, yp i Xeap  (12)

wherein M represents a metal or an
intermetallic compound (hydrogen storage
alloy), and MHX represents a metal hydride.
Thus, the generation of hydrogen and
electron in the alkaline solution containing a
hydrogen-releasing agent, and the subsequent

storage of the hydrogen in the hydrogen

storage alloy can be represented by the

equation

X/4BH [ + XOH +M _Mr_ogzn_me_l,(m
X/4BO 7 + MHx+ X/2H,0+ Xe~
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Hydrogen, which has been stored in MH
electrode, produces electrons by dehydrogenation,
ie, oxidation of the hydrogen storage alloy at
the anode, as in the anode of nickel/metal
hydride (Ni/MH) cell [see Equation (14)].

MHx + XOH~ ~reversible, yr 4 x11,0 »
+ Xe™
In addition, the reduction reaction of

hydrogen released from the hydrogen-releasing
agent as shown in the following equation (15),
and the electron-releasing reaction as in the
following equation (16) can occur in the alkaline
solution of electrolyte.

H+ OH — H,0+e (15)
BHy +80H — BO,; +6H,0+8¢ (16)
(X/8BHy + XOH —X/8BO; +3X/4H,0+ Xe™)

In the meantime, atmospheric oxygen fuel is
supplied for the oxygen cathode to cause the
reduction reaction of the following equation (17)
at the interfaces between the electrode and the

aqueous solution of electrolyte, and thus
electrons are consumed.
0, + 2H,;0+ 4e” — 40H™ (17)

( X/40, + X/2H,0+ Xe™ — XOH )

Thus, where the hydrogen-releasing agent is
either NaBHs or KBHj, the overall reaction of
atmosphere/hydrogen alloy cell
containing the hydrogen-releasing agent can
produce electric energy by the following

storage
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three-electrochemical
reactions.

oxidation/reduction

X/ABH; + X/40, + M -~ X/ABO;
(18)
+ MH,

X/40,+ MH, — M+ X/2H,0 (19)

X/8BH; + X/40, — X/4H,0+ X/8B0; (20)

The key half reaction which defines the fuel
side (anode; negative electrode) of the cell is
based on borohydride ions. Equation (18) is
written for an aqueous system but is not
limited to such a system. The new type of fuel
cell use as air electrode to provide the other
half-cell reaction (equation (17)) required to
make a complete cell. The theoretical voltage
for net reaction of the cell is 1.64V.

3. Experimental details

An aqueous solution containing lg of NaBH,
in 500cc of 6M KOH was used. A ZrCrpsNii2
alloy was used as an anode. The hydrogen
storage alloy electrode was prepared by melting
the weighed amount of each pure metal under
an argon atmosphere, mechanically pulverizing,
and then mixing with an appropriate amount of
copper or nickel powder and TEFLON powder.
The resulting mixture was pressure-molded.
The hydrogen storage alloy electrode was made
in disc form, and has a size of 1 cm in diameter
and 1 mm in thickness. The weight of the disc
alloy electrode was 024 g A platinum-
dispersed carbon electrode (Pt/C) was used as a
cathode. The Pt/C electrode was made by
dispersing 5% by weight of platinum in
VULCAN XC-72. The hydrophobic/hydrophilic
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1. Cell case, 2. KOH electrolyte
3. Separator, 4. Air electrode(cathode)

5. MH electrode(anode), 6. Electric load

Fig. 1. A schematic structure of developed fuel cell.

treatment was carried out as follows. The Pt/C
powder and polytetrafluoroethylene were mixed
in weight ratios of 70/30 for the hydrophilic side
of the electrode, and 60/40 for the hydrophobic
of the electrode.
intimately mixed in distilled water by ultrasonic
agitation, and rolled in a carbon paper. The
rolled powder was covered by a carbon paper
which was made by dispersing and coating 20
% by weight of platinum in VULCAN XC-72
at a laboratory, and the moisture was removed
by pressing, followed by drying at 120 C in a
nitrogen atmosphere.

The mixed powder were

The reaction layer was
attached with the carbon paper by pressing and
calcining at the melting point of PTFE, ie. 300
‘C for one hour to obtain a specimen. The final
pressure had a diameter of 15 mm and a
thickness of 0.2 mm. In order to increase the

ionic conductivity of the electrolyte 2, for
example, LIOH may be added to the alkaline
solution of electrolyte in an amount of 0.01 to
0.19 by weight.

4. Resuits and discussion

The developed fuel cell will be further
illustrated with reference to Fig. 1.  The
electrolyte which can be employed in this work
is an alkaline electrolyte at pH>12, for example,
KOH, NaOH, etc. NaBH; containing solution is
stabilized in alkaline one, retarding the evolution
rate of hydrogen gas. A hydrogen-releasing
agent was selected from the group consisting of
NaBHy, KBHs; LiAlH, KH, and NaH. The
NaBH; has the highest specific hydrogen
storage capacity of all hydrogen-releasing
agents. The hydrogen-releasing agent should
be used In an amount of 0.01 to 50.00% by
weight on the basis of the total weight of the
alkaline solution of electrolyte.  When the
amount of hydrogen-releasing agent used is
less than the lower limit of the range, the
amount of hydrogen to be released will be
lowered. This degrades the efficiency of the
cell. When the amount of hydrogen-releasing
agent used is more than the upper limit of
range, the hydrogen-releasing agent is not
dissolved in the alkaline solution, resulting in
This also
degrades its utility and efficiency. Oxygen

the formation of solid precipitates.

electrodes are made of materials which oxygen

can be easily engaged in an oxidation/reduction
reaction on its surface. For example, such
include carbon electrodes,
platinum-dispersed carbon electrodes, nickel
electrodes, and the like which have a double or

triple structure consisting of a hydrophilic side

electrodes may
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Fig. 2. X-ray diffraction pattern of a pressure-molded
hydrogen storage alloy electrode, (a) is not
exposed to the alkaline solution of electrolyte,
(b) () after the electrode is impregnated in the
alkaline solution of electrolyte.

interfaced with electrolyte and a hydrophobic
side interfaced with atmosphere. The preferable
hydrogen storage alloy is one, which can
reversibly absorb and hydrogen
irrespective of the hydrogen storage capacity.
It should reveal the properties of a fast
hydrogenation reaction rate, and a good stability
in the electrolyte. The aqueous electrolyte
provides an electrode/electrolyte
interface by means of capillary action through
the separator. It also acts as an ion conductor
between the electrodes. It was observed by an
X-ray diffraction analysis that upon exposing
the hydrogen storage alloy anode to the solution
of electrolyte containing the hydrogen-releasing
agent without ant external treatment, the
reaction at the alloy electrode caused a change

release

solution
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from an intermetallic compound to a metal
hydride by the action of the hydrogen-releasing
agent added. It can be seen from Fig. 2(a), (b)
that the hydrogen fuel could be supplied to the
hydrogen storage alloy electrode without any
treatment.

After the hydrogen storage alloy absorbed
hydrogen, the cell was discharged at 10 mA
with measuring of its discharge voltage. The
results are indicated by a discharge curve in
Fig. 3. It can be seen that the discharge
voltage is about 0.7 V and that the overpotential
of about 0.3 V is generated. Such overpotential
is mostly generated from the oxygen cathode.
However, if pure oxygen gas, not air, is
supplied to the oxygen cathode and the volume
of oxygen to be supplied is increased, the
overpotential decreases as shown in Table 1. A
glass tube for gas feeding was inserted into the
rear side of the oxygen electrode, and the tube
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Fig. 3. A current discharge curve of a fuel cell

containing a hydrogen-releasing agent.
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Table 1. Discharge voltage of the cell depending on the flow rate of either oxygen gas or air

Flow rate of air Discharge voltage

Flow rate of oxygen

Discharge voltage

(liter/min) (V) (liter/min) (V)
0 0.7 0 0.8
0.1 0.73 0.1 0.84
0.2 0.78 0.2 0.88
0.5 0.85 0.5 0.95

was connected with the pressurized oxygen
cylinder. The flow rate of oxygen (or air) was
controlled by a valve or a ventilator. Table 1
below shows the discharge voltage of the cell
depending on the flow rate of either oxygen gas
or air.

Consequently, the developed cell has a higher
electro-chemical reaction rate than those of the
prior art fuel cells. It can operate at a normal
temperature and produce a large amount of

09 T 4 T T T T T

04 1 i ! n [l N Il

DISCHARGE TIME (Hr)

Fig. 4. A current discharge curve of a fuel cell, where
the hydrogen-releasing agent is intermittently
added to the fuel cell.

solution  of

energy due to its high energy density of 6,000
Ah/kg or more (for NaBHs or KBHa).

Whenever the discharge voltage of the cell
decreased to below 05 V, 1 g of NaBH; as a
hydrogen fuel source was supplied for the
solution electrolyte, the continuous generation of
current was monitored. Continuously, the
continuous generation of current was monitored.

It can be shown in Fig. 4 that the fuel cell
continuously  generates when the
hydrogen-releasing agent is added to the
electrolyte solution.  That is, the fuel cell
(electrochemical oxidation /reduction reaction)
continuously operates as long as oxygen and
hydrogen fuel are supplied.

current

5. Conclusion

The present work has been described to
provide a fuel cell having a high electrochemical
reaction efficlency and a good discharge
capacity, which comprises an aqueous alkaline
electrolyte  containing a
hydrogen-releasing agent selected from the
group consisting of NaBH4, KBH,, LiAlH,, KH
and NaH, a hydrogen storage alloy electrode as
an anode, and an oxygen electrode as a cathode.

If air is supplied to the oxygen electrode and
the hydrogen-releasing agent is fed to the
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alkaline solution of electrolyte, the cell can
produce electric current continuously.
Therefore, it can operate at a normal
temperature and produce a large amount of
energy due to its high energy density of 6,000
Ah/kg or more (for NaBHs or KBH,).
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