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57 ABSTRACT

This invention discloses the synthesis of a bifunctional La,,
«Ca, ,Co, Ir O, (x=0~1) perovskite compound with a

(73)  Assignee: National Chiao Tung University, superb bifunctional catalytic ability for the oxygen reduction
Hsinchu (TW) and generation in alkaline electrolytes. Synthetic routes dem-
onstrated include solid state reaction, amorphous citrate pre-
(21) Appl. No.: 12/453,286 cursor, and mechanical alloying. The interested compound
demonstrates notable enhancements over commercially
(22) Filed: May 6, 2009 available La, ,Ca, ,CoO;.
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FIGURE 1{a)
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FIGURE 1{c)
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SYNTHESIS FOR CATELYSIS OF
BIFUNCTIONAL PEROVSKITE COMPOUND

BACKGROUND OF THE INVENTION

[0001] 1.Field of the Invention

[0002] The invention discloses the synthesis of a bifunc-
tional perovskite compound, particularly to the synthesis of a
bifunctional perovskite compound used as the cathode of fuel
cell.

[0003] 2. Description of the Prior Art

[0004] The fuel cell has been recognized as green environ-
mental energy with excellent development potential in the
21st century. As for the research of fuel cell at present, the
main research direction is the Proton Exchange Membrane
Fuel Cell (PEMFC) and the Direct Methanol Fuel Cell
(DMFC). In the PEMFC system, the anode uses hydrogen as
the reactant. The source of hydrogen is mainly from the
natural gas. Even though the conversion rate is high, there are
still storage problems. In the DMFC system, the serious dif-
fusion of methanol will shorten the life of cell. The conversion
rate is low and the anodic platinum catalyst is easy to be
poisoned by the carbon monoxide. These problems should be
solved urgently. As for the comparison, the alkaline fuel cell
has been successfully used in the electronic produce with low
power consumption, due to the advantages, such as simple
structure, high energy density, stable performance, high elec-
tricity generation efficiency and low environmental impact
etc.

[0005] In the alkaline fuel cell system, the cathode is oxy-
gen diffusion electrode, and the electrolyte is the alkaline
solution, such as potassium hydroxide etc. Compared to the
acid electrolytic solution system, the reduction rate of oxygen
1s faster in the alkaline electrolytic environment. In addition,
the corrosion rate of metal is much lower under the alkaline
solution compared to the acid solution as well. Thus, non-
platinum system can be used as the catalyst to reduce the cost,
which is the greatest advantage for the alkaline fuel cell.
Compared to the anode, the cathode has larger electric current
and potential when the electrochemical reaction takes place.
Thus, the quality of cathodic air electrode plays a very impor-
tant role.

[0006] In many previous literatures, it is known that many
kinds of catalyst can be used for accelerating the oxygen
reduction, wherein the platinum or platinum alloy has the
highest reduction efficiency. However, due to the price of
platinum is too expensive and the selectivity of platinum is
100 low, so that the research trend is towards to look for the
catalyst which can substitute the platinum and can own high
catalysis activity, such as the perovskites, spinels, pyro-
chlores, metal chelating compound, metal or metal and metal
oxide mixture.

[0007] In various catalysts, the research of perovskites is
paid much more attention. It has been understood that the
perovskites own good catalysis property in the oxygen reduc-
tion condition. On the other side, in 2005, S. Trasatti et al.
discovered that the ruthenium tin oxide alloy had there is
remarkable oxygen generation ability in the electrochemical
reaction. One of the improvement trends is to develop a cata-
lyst with good electrochemical effect for the oxidization and
reduction of oxygen at the same time, and can be applied to
the recharable alkaline fuel cell and various metal air cells.

SUMMARY OF THE INVENTION

[0008] Theinvention discloses the application of a catalyst
and its cathodic air electrode, and the synthesis of a bifunc-
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tional La, (Ca, ,Co,_Ir,O; (x=0~1) perovskite compound
with a superb bifunctional catalytic ability for forming as the
cathodic air electrode.

[0009] Moreover, the invention discloses the application of
a bifunctional perovskite compound with a superb bifunc-
tional catalytic ability for the oxygen reduction, oxidization
and the cathodic air electrode for forming as the cathodic air
electrode.

[0010] According to the above-mentioned description, the
synthesis of a perovskite compound comprises the following
steps:

[0011] Dissolve lanthanum nitrate, calcium nitrate, cobalt
nitrate and iridium chloride in water respectively to form a
plurality of aqueous solutions; Mix up and agitate these aque-
ous solutions to form a mixture; Prepare a saturated citric acid
aqueous solution, wherein the citric acid and total metal ion
have the same moles; Mix up the mixture and the saturated
citric acid aqueous solution; Heat up the mixture and the
saturated citric acid aqueous solution to form a metal sol; Dry
up the metal sol; Grind up the dry metal sol to obtain a
precursor powder; Heat up the precursor powder; and cool
down the precursor powder.

[0012] The synthesis of a perovskite compound comprises
the following steps:

[0013] Mix up lanthanum nitrate, calcium nitrate, cobalt
nitrate and iridium chloride powders to form a powder mix-
ture; Sinter up the powder mixture; Cool down the sintered
powder mixture; Dry up the powder mixture; Heat up the
powder mixture; and cool down the powder mixture.

[0014] The advantage and spirit of the invention can be
understood further by the following detail description of
invention and attached Figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The foregoing aspects and many of the attendant
advantages of this invention will become more readily appre-
ciated as the same becomes better understood by reference to
the following detailed description, when taken in conjunction
with the accompanying drawings, wherein:

[0016] FIG.1(a)showsthe SEM diagram ofLa, ;Ca, ,Co,
slr, ,O, catalyst powder synthesized by the ACP.

[0017] FIG. 1(b) shows the SEM diagram ofTa, (Ca, ,Cog
slr, ,Oj; catalyst powder synthesized by the SSRM.

[0018] FIG. 1(c) shows the SEM diagram of La, ,Ca,
4Colr, ,50; 5 5 catalyst powder ground by the MA.

[0019] FIG. 2 shows the polarization curves of potential
versus current density for La, (Ca, ,Cog 4lr, ,O; catalyst
powder synthesized by the ACP (ACP-La, (Ca, ,Co, Ir,
20,/CNCs), La, {Cag 4Coq gl 504 catalyst powder synthe-
sized by the SSRM (SSRM-La, ;Ca, ,Co 3Ir, ,O5/CNCs),
and La, (Ca, ,Colr, ,s0; s catalyst powder ground by the
MA (MA-La, (Ca, ,Colr, 5505 5 s/CNCs).

[0020] FIG. 3 shows the polarization curves of ACP-La,
6Ca, 4Co, 5l ,O5/CNCs,  SSRM-La, ;Ca, ,Co, (Ir, .05/
CNCs, and MA-La, Ca, ,Colr, ,50; 5 /CNCs) under
charging.

[0021] FIG. 4 shows the curves of potential versus time for
ACP-La,, ,Ca, ,Co, Ir, ,0.,/CNCs under 10 mA/cm?® 50
mA/en?, 100 mA/em? and 200 mA/cm? of current density.
[0022] FIG. 5 shows the curves of potential versus time for
ACP-La, (Ca, ,Co, ¢Ir, ,O;5 under different discharge cur-
rent density.
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[0023] FIG. 6 shows the curves of potential versus cycle
numbers for ACP-La, (Ca, ,Cog ¢t ,O5 under continuous
charge and discharge state.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0024] The method for the synthesis of a perovskite com-
pound of the invention is described in detail as follows:

1. Prepare the Perovskite Compound with Different Chemical
Dosage:

[0025] Intheinvention, change the element at Site B in the
perovskite (ABO,) structure firstly. In the amorphous citrate
precursor (ACP) process, weigh required proportion of
chemical dosage of lanthanum nitrate, calcium nitrate, cobalt
nitrate and iridium chloride powders, dissolve them in water
respectively, mix up the above aqueous solutions uniformly
and agitate it for 1 hour. This is solution a. On the other hand,
prepare a saturated citric acid aqueous solution, wherein the
citric acid and total metal ion have the same moles (citric
acid:metal ion=1:1). Add the above solution a slowly and
agitate it. Then, heat up the solution to 100° C. for 6 hours to
form the metal sol. Put upon the sol in a 70° C. oven to dry it
for a day. Grind up 1o obtain the precursor powder. Under the
air atmosphere and 5° C. per minute of temperature rising
rate, heat up the precursor powder to 650° C. for 4 hours. Cool
down to room temperature in the oven. Grind up and filteritto
obtain the perovskite compound, and the general chemical
formula is La, (Cag ,Co,_Ir, 05 (x=0~1).

[0026] In another preferred embodiment, the solid state
reaction method (SSRM) is employed. Weigh lanthanum
nitrate, calcium nitrate, cobalt nitrate and iridium chloride
powders in accordance with required proportion and mix up
them uniformly. Under the air atmosphere and 5° C. per
minute of temperature rising rate, sinter up the powder mix-
ture at 600° C. for 4 hours in the tube furnace. Cool down to
the room temperature at about 25° C. Grind up and filter it.
Under the air atmosphere and 5° C. per minute of temperature
rising rate, sinter up it at 800° C. for 4 hours in the tube
furnace again. Cool down it to the room temperature in the
furnace. Grind up and filter it to obtain the perovskite com-
pound, and the general chemical formula is La, (Ca, ,Co,.
«Ir, 05 (x=0~1).

[0027] In another preferred embodiment, the Mechanical
Alloying (MA) method is employed. Firstly, the amorphous
citrate precursor method is used to synthesize the La, (Ca,,
4Co0; powder. Then, weigh the La, ,Ca, ,CoO; and iridium
chloride powders in accordance with required proportion and
mix up them uniformly. Grind up the powder mixture in a
star-type high-energy ball mill with constant revolution for 12
hours. Filter it to obtain the perovskite compound, and its
general chemical formula is La,, (Ca, .Colrg 550; 5.

[0028] FIG. 1(a) shows the scanning electron microscope
(SEM) diagram of La, ,Ca, ,Cu, ¢lr,,O; catalyst powder
synthesized by the ACP. The particle is slightly irregular
sphere, and the distribution of particle diameter lies between
15 nm to 50 nm.

[0029] FIG.1(d)shows the SEM diagram of La, Ca, ,Coy,
alr,, ,O; catalyst powder synthesized by the SSRM. The par-
ticle size is about 500 nm, because it is sintered at 600° C. for
4 hours and at 800° C. for 4 hours.

[0030] FIG. 1(c) shows the SEM diagram of La, ;Ca,
4Colry 5505 55 catalyst powder ground by the MA. The
irregular particle can be observed in the figure clearly. The
particle size is about 300 nm to 500 nm, and the particles are
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aggregated together. Before grinding, the particle size of La,,
6Cag 4Co0; and IrO, 1s 10~30 nm and 100~200 nm, respec-
tively. Thus, after high-energy grinding, the particle size is
grown slightly.

2. Preparation of the Catalyzed Air Electrode:

[0031] Employ a homo mixer to mix 30 wt % of catalyst
powder, 30 wt % of polytetrafluoroethylene (PTFE), 30 wt %
of carbon nanocapsules (CNCS) and 10 wt % of polyvinyl
alcohol (PVA)in 10 mL deionized water uniformly. Agitate it
for 5 minutes to get an uniform slurry. Coat it on an air
diffusion layer evenly. Then, in order to remove the residual
solvent, put the electrode in a 350° C. furnace for minutes.
After heat treatment, roll the electrode to about 0.3 pm thick
to get the working electrode for electrochemical measure-
ment.

[0032] Then, the electrochemical measurement is con-
ducted by a cell with 3 electrodes, wherein the working elec-
trode is the air electrode, the auxiliary electrode is the tita-
nium net coated with ruthenium oxide and iridium oxide, the
reference electrode is the zinc bar, and the electrolyte is 30 wt
% of potassium hydroxide (KOH). In the polarization curve
test of current versus potential, increase the output of current
gradually (1 mA/sec) and measure the corresponding output
of potential. In the curve, the polarization phenomenon dem-
onstrates the polar property of electrode deviated from the
ideal electrode, which can be used to judge whether the prop-
erty of catalyzed electrode is good or bad.

[0033] FIG. 2 shows the polarization curves of potential
versus current density for Lag (Cag 4Cog glrg 505 catalyst
powder synthesized by the ACP (ACP-La, ;Ca, ,Co, gIry.
20,/CNCs), La, [Ca,, ,Co, (Ir, ,O, catalyst powder synthe-
sized by the SSRM (SSRM-La, ;Ca, ,Cog Ity ,O5/CNCs),
and La, ,Ca, ,Colr, ,;O; 5 o/catalyst powder ground by the
MA (MA-La, (Ca, ,Colr, 5,505 5 o/CNCs). Three catalysts
are used to make air electrodes, and CNCs is used as the
carrier. In addition, the noncatalyzed air electrode is used to
get the background value. In these four electrodes, the ACP-
La, (Ca, ,Co, Ir, ,0,/CNCs demonstrates the highest cata-
lytic ability. For example, it still keeps 1.065 V of potential
under 100 mA/cm? of current density. It is worthy to note that
the polarization curve drops sharply for the electrode without
La, (Cag 4Coy olr, 505 catalyst. It proves the presence of per-
ovskite compound can improve the electrochemical perfor-
mance significantly.

[0034] FIG. 3 shows the polarization curves of ACP-La,
6Cag 4Co, g1t ,O5/CNCs,  SSRM-La, ;Ca, ,Co, Ir, ,05/
CNCs, and MA-La, Ca, ,Colr, ,50; 5 /CNCs) under
charging. Three catalysts are used to make air electrodes, and
CNCs is used as the carrier. In addition, the noncatalyzed air
electrode is used to get the background value. Compared to
the discharge polarization curves, in the mechanism of charg-
ing reaction, the OH™ in the solution reacts with the catalyst
on the interface of electrode to form oxygen mainly and the
oxygen passes through the electrode into air. The electrode is
apt to be destroyed because the oxygen is generated on the
interface of electrode and has to diffuse to the atmosphere
through the electrode. Thus, generally speaking, under the
same current, the slope of oxidization curve under charging
will be much higher than that of reduction curve. At the initial
steady state, the potential is maintained at about 1.4 V
steadily. When the power is switched on, the potential rises to
1.6 V sharply. And then the potential is risen at about 45°
degree corresponding to the increase of current for catalyzed
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electrode. On the other hand, the potential is risen at about 90°
degree corresponding to the increase of current for noncata-
lyzed electrode.

[0035] Then, the charge or discharge experiment is con-
ducted. The same cell with 3 electrodes is used. In the experi-
ment, measure the charge and discharge ability of air cathode
under constant current, The range of current is 5 mA/cm? to
200 mA/cm?, and the stability for output value of potential is
observed.

[0036] FIG. 4 shows the curves of potential versus time for
ACP-La, (Ca, ,Coy, 4l ,0,/CNCs. The current density is
kept at 10 mA/cm®, 50 mA/cm®, 100 mA/cm® and 200
mA/em?, respectively. After it is discharged for 10 minutes
continuously, the discharge curve is very stable. The curve
presents slightly sawtooth shape under high current density,
due to the influence of oxygen supply. But the curves are still
kept at nearly horizontal and stable state macroscopically. In
addition, charge it continuously for 10 minutes at constant
current density of 5 mA/em?, 10 mA/cm?, 30 mA/cm?, 50
mA/cm® and 100 mA/cm?.

[0037] FIG. 5 shows a nearly steady state is kept under
different current density. Meantime, the result meets the mea-
surement result in FIG. 3.

[0038] Inorder to prove the bifunctional property of ACP-
Lag ¢Cag 4Coy 51t ,O3/CNCs, a cyclic test is conducted and
the result is shown in FIG. 6. A cycle consists of half an hour
of discharge, an hour of rest, half an hour of charge and an
hour of rest. At the first 5 cycles, the potential is dropped
slightly. In addition, when the measurement reaches 70
cycles, the potential is increased steadily and slowly. The
potential is increased 1.59 mV per cycle. The potential is
increased to 2.08 V at the 70th cycle. On the other hand, the
potential drop presents a steady curve at discharge state.
During 70 cycles, two sections of slope are presented. The
first section is 1~40 cycles, and the slope is 0.61 mV/cycle.
The second section is 41~70 cycles, and the slope is 4.24
mV/cycle. The potential is kept at 0.97 V at the 70th cycle.
Thus, the flat charge and discharge curves can be obtained,
and the conversion efficiency of electrochemical energy can
be improved for 4.1%, which is raised for 32%.

[0039] Itisunderstood that various other modifications will
be apparent to and can be readily made by those skilled in the
art without departing from the scope and spirit of this inven-
tion. Accordingly, it is not intended that the scope of the
claims appended hereto be limited to the description as set
forth herein, but rather that the claims be construed as encom-
passing all the features of patentable bifunctionality that
reside in the present invention, including all features that
would be treated as equivalents thereof by those skilled in the
art to which this invention pertains.

What is claimed is:
1. A method for synthesizing a bifunctional perovskite
compound, comprising:
dissolving respectively a lanthanum nitrate, a calcium
nitrate, a cobalt nitrate and a iridium chloride in a water
to form a plurality of aqueous solutions;
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mixing and agitating the plurality of aqueous solutions to

form a mixture;

preparing a saturated citric acid aqueous solution, wherein

the saturated citric acid and a plurality of metal ions
having the same moles;

mixing the mixture and the saturated citric acid aqueous

solution;

heating the mixture and the saturated citric acid aqueous

solution to form a metal sol;

drying the metal sol;

grinding the dry metal sol to obtain a precursor powder;

heating the precursor powder; and

cooling the precursor powder to prepare the perovskite

compound.

2. The method according to claim 1, wherein the chemical
composition of perovskite compound comprises La, Ca,
4Co, _Ir, 05 (x=0~1).

3. The method according to claim 1, wherein the mixing
and agitation time for a plurality of aqueous solutions com-
prises more than 1 hour.

4. The method according to claim 1, wherein the mixture
solution and the saturated citric acid aqueous solution com-
prises heating to temperature 100° C. about more than 6
hours.

5. The method according to claim 1, wherein the metal sol
comprises drying in at about temperature 70° C. oven for
more than a day.

6. The method according to claim 1, wherein the precursor
powder comprises heating to temperature 650° C. for more
than 4 hours.

7. A method for synthesizing a bifunctional perovskite
compound, comprising:

mixing lanthanum nitrate, calcium nitrate, cobalt nitrate

and iridium chloride powders to form a powder mixture;
sintering the powder mixture;

cooling the sintered powder mixture;

drying the powder mixture;

heating the powder mixture; and

cooling the powder mixture to prepare the perovskite com-

pound.

8. The method according to claim 7, wherein the chemical
composition of perovskite compound comprises La, ;Ca,
4Colr, 5505 5.6

9. The method according to claim 7, wherein the powder
mixture comprises sintering at temperature 600° C. for more
than 4 hours under the air atmosphere and having 5° C. per
minute of temperature rising rate.

10. The method according to claim 7, wherein the powder
mixture comprises heating to temperature 800° C. for more
than 4 hours.

11. A bifunctional perovskite compound, wherein the
chemical composition of perovskite compound comprises
La, Ca, ,Co, _Ir,O5 (x=0~1).

12. A bifunctional perovskite compound, wherein the
chemical composition of perovskite compound comprises
La, ¢Cag 4Colrg 5505 5.5
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