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Study of the Oxygen Reduction Process on Air Cathode
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Abstract: The volume of oxygen generated from the electwlysis bath made up of an air cathode and nickel anode is measured, and the propor-

tion of the wo courses, 2e and 4e path oxygen reduction process, can be distinguished quantitatively according to the relation between the gas

generation per minute and the current. The results show that the 2e path reaction covers 74% on the air cathode using active carbon as electro-

catalyst, while the 4e path reaction covers up to 100% when the percentage of the catalyst MrO, in the air catalyst layer of air electrode reach-

es 33%. Thismethod can demonstrate the corresponding changes with time in the two kinds of oxygen reduction reaction.
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Air cathode can be used as positive in fuel cell and
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metal air battely[ !

or used as cathode in electochem-
ical reactor, such as H202 generation by electrolyzing,
It can be in-
stead of the hydrogen evolution electrode in Chlorine alkali
industry and chlorate producinglg'gj . The electro catalyst
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electrochemical oxygen generator etd

of cathode is different in various application fields. The
electro catalyst of the oxygen reduction in aqueous solution
can be classified into two types: one type catalyst reacts
following 2 electron path which forms peroxide, such as
graphite and multiple carbon, aurum, hydrargyrum, nick-
el oxide, transition metal macrocyclic complex cwmpounds
such as CoTsPc, CoTMPP etc. The other type catalyst re-
acts mainly following 4 elections path, such as platinum
group of metals and alloy, silver, palladium metal, per-
ovskite type oxide and niobpywchlore type oxide, transi-
tion metal macwcyclic complex compound such as FeTsPc
etc. The electron transfer number in the two reaction types
and the electrode potential are both different.

The air electrode used in fuel cell and metal air bat-
tery is made with carbon carrier on whidh sufficient amount
of highly dispersed electinde catalysts are supported. The
catalyst should let that the oxygen reduction react following
4 electrons process, in order to obtain high capacity and
voltage to a battery[zl . Two elections path reaction is ex-
pected in the electrolytic formation of inowanic penxide.
The author did not read any report about how to measure
the proportion of each reaction. Momwover, the perfor-
mance of air cathode is related not only to the activity and
amount of the electrocatalyst, but also to the ratio of the
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electrode component in the mixture. The pore surface and
structure of the cathode will change with the reaction
time, and the change will influence the oxygen reduction
pocess. The methods of linear polarization, rotating ring -
disk electrode (RRDE) , electrochemical impedance spec-
troscopy (ER) ., ete, provide a plenty of infomation for
study on the reaction dynamics of electrode. But these
can t simulate the active state on line of the cell and elec-
trochemical ractor.

The paper introduced the method to calculate the ra-
tio of the two types of oxygen reduction reaction in the air
electrode on an electrolysis bath. The variation with time
in the oxygen reduction reaction can be detemined
through measuring the volume oxygen generated and the
current without considering the intermediate product and

pocess.

1 Experimental

1.1 Eledrolysis device

Fig. 1 shows a schematic drawing of electrolysis bath
with an oxygen reduction cathode. It is composed of nick-
el sheet as the anode, ashestos paper as the membrane
and air electrode as the cathode. The electiode area is 150
an’, and the electrolyte is 6 M KOH. Measuring the oxy-
gen purity firstly, then measuring the gas generaling
amount while the oxygen purity is more than 99. 8 %4. Cal-
culating the oxygen output per anpere minute acwrding to
the gas amount, time, current, water temperature and at-
mosphere pressure. The dala can be used to illustrate the
operation state of the air cathode.
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1.2 Test of oxygen purity

Test the oxygen purity according to the GB8982-1998
of medical oxygen.
1.3 Preparation of air electrode

Active carhon and acetylene black are mixed with
MnO: catalyst. Stirring the mixture while disgregated with

supersonic wave.

B

Fig 1 Schematic illustration of the oxygen

evolution electrdysis cell

1. power 2. air cathode 3. asbestos membrane

4. nickel anode 5. electrolyte and oxygen chamber

6. pipe 7. measuring container

Polytetrafluoroethylene ( PTFE) 60wt % emulsion is add-
ed to the mixture to form a dough which can be pressed
into catalyst layer with a roller. Acetylene black, ethanol,
PTFE emulsion are mixed with pore foring agent to ob-
tain the waterproof layer by the same technique. The cata-
lyst layer, current collector and the waterproof layer were
stacked and pressed with a hydraulic press to be a cath-
ode, which is to undergo thermal treatment in inert gas
atmosphere to 350 C for 1 h.
1.4 Test of polarization curve

The overpotential of the air electrode was evaluated
on TD3691 potentialstat using a Lugin capillary twbe
placed close to the cathode and merculy mercuric oxide
electrode as a reference electnde, 6M KOH as the elec-
trolyte, Nickel sheet as the auxiliary electrode. The area
of working electrode is 1 om’ , and the scanning rate is 10

mV 4. The electrode overpotential is measured with the
Hg /HgO reference electrode.

2 Theory analysis and results

2.1 The relationship between final reaction process

and oxygen evolution reaction

It is normally regarded that the oxygen reduction re-
action on the air cathode takes place as the following two
paths in aqueous alkaline solution

(1) 2 electrons process:

0,+H,0+2¢e—>0H +HO, (D

¢’ ——0 065V

Following the electrochemical reduction reaction of

HO, :

HO, +H,0+2e—>30H (2
¢'=0.867 V
Or the chemical decomposition:
2HO>» —2HO —+02 (3)
(2) 4 electron path:
02+ 2H20+ 4e—>40H (4)
¢"=0. 401 V

The sum of reaction Eqs (1) ~(3) is equal to reac-
tion Eq (4). According to the standard electrode voli-
age, we know that the dynamic obstacle of reaction (4) is
much mowe than that of reaction (1) . The reaction (1) is
unavoidable in aqueous alkaline solution for the electrode
voltage of reaction (1) is very low. It is hamful to the in-
creasing the electromotive potential. The catalyst added in
electrode leads to the occurrence of reaction (4) . Without
regarding the interim process, the reaction can be mainly
classified into 2 electrons and 4 electrons path in the cath-
ode. Correspondingly, there are mainly two types of oxi-
dation reactions as following in the anode.

OH +HO, —2e—>0,+H,0 (5)
40H —4e>02+2H20 (6)

FANG et al' ” have testified that the concentration of
OH in the electrolyte didn t change when the electrolysis
bath worked and there is not other discharge type in the
anode. Corresponding to the two types of reduction reac-
tion, there are two routes for the oxygen generating
through the oxidation reaction at anode: one demands 2
mol electrons to generate 1 mol oxygen following reaction
(5), the other demands 4 mol elections to generate 1 mol
oxygen following reaction ( 6). The generated oxygen
anount can be determined by the ratio of reaction (5) and
(6) in a definite time and current.

2.2 The relationship between oxygen generation
and current

According to the rule of Faraday, the electrolytic
substance amount is proportional to the quantity of elec-
tricity:

It = nzF (7)
The oxygen generating volume can be calculated as follow-

lng:

n= PVIRT (8)
ItRt
V="Zrp (9)

V—gas volume, 1; ¢—electolysis time, s; R—
gas constant, 0.08206 atm ° L ‘mol ' °K ' T—gas tem-
perature, K; Z—electron number of electrode reaction;
F —Faraday constant, 9. 648X 104(] °m0171; P —atmo-
spheric pressure, atm.

The measured volume is _conversed 1o, the state at 1
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am, 298 K and the partial pressure of water vapor must
be emendated according to formula ( 10) .

p o B o o0 s
Po T

V' —conversed gas volume, I; Pr.mo— partial pres-

4 (10)

sure of saturation water vapor at the test temperature,
am. P

measured  atmospheric  pressure, —atm.
Po—standard atmospheric pressure, atm.
According to equation (9), the oxygen amount,
Vie, through 4 electrons reaction process, is 3. 80 ml °
A min Vais 7.6l ml*A '
min . Measured value, V;, can be expressed as;
v,=V I (11)
Assume the percentage of 4 electwons reaction is X, and
that of 2 electrons reaction is 1— X, then the generated
gas volume V; is as following:
V:="1761(1—x) +3. 80x (12)
x= (7.61— Vi) B 80 (13)
Thus the percentage of 4 elections reaction can be caleu-
lated.
2.3 The influence of catalyst amount on the oxygen
reduction

L Correspondingly,

Four types of air electrode are made in which the cat-
alyst MnO, content, showing in Tab. 1, is different.

Tab. 1 The catalyst content in the electrode
sample A B C D
Content of MnOz/( %) 0 20 33 50

The state and variation of oxygen reduction process at
the cathode were mvestigated. The results are shown in
Fig. 2 and Fig. 3.
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Fig 2 The variation of oxygen -generating amount
with the electrolysis time

Fig. 2 shows that oxygen generating amount decreas-
es with the electrolysis time when all the cathode sample
work first time. The reason may be that the three phase
boundary of the porous electrode changes with the reaction
time. The thickness of liquid film increases, leading to
the higher diffusion. resistance of reaction product, HO:2
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Fig 3 Polarization curve of the air electrode

and OH ', diffusing to fluid phase. The other reason may
be that the temperature of electrolytic system increases
with working time and accelerates the reaction speed of
chemical decomposing (Eq (3) ). It manifests that the re-
action trends Eq (4), for the reaction Eq (1) and Eq
(2), Eq(1) and Eq (3) are equal to reaction Eq (4).
The three phase boundaty of air cathode gradually turn to
be stable when the air cathode woik for 60 minutes, and
the oxygen evolution at the cathode turns to be stationary.

The catalyst of air cathode A which foms peroxide is
only active carbon. The percentage of 2e process reaction
(Eq (1)) is 74% as shown in Fig. 2. The balance of re-
duction reaction on cathode A can be repeatedly got when
the electrolysis set restarts after a certain time of pause, as
line 2, but the time will be shorter and the oxygen evolu-
tion amount will decrease. It testified that the state of po-
rous surface in the air cathode depends on the component
of the air cathode and changes with the cathode reaction.
The hydrophility of the porous surface in the air cathode
enhances with the work time of the air cathode. This
change will lead to the decrease of the synthesis efficiency
of electochemical reactor. So the technique can be used
to evaluate the properties and life of the air cathode as a
reference.

The three phase mterface in the porous structure will
stable electrode can quickly become for hydrophilic cata-
lyst is added in cathode B, C and D. There would be no
apparent drop in the volume oxygen generated even at the
very beginning of the process when the cathode works
again, i e. the three phase boundary would remain in a
relatively stable state. It will get to a balance state at the
beginning when the cathode works again. It means that the
amount of product HO, will not be much enough to influ-
ence the properties of the battery.

The percentage of reaction (4) in the air electrode
can be increased through adding catalyst MnO, without re-
garding the intermediate process. Four electrons path re-
action can t take, place completely when the catalyst is
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shortage (as air cathode B). The reaction of 4 electrons
path is 97%. The polarization is great, for HO, , the
electrode reaction product, isnt decomposed completely.
It is not fit for the usage in cell because a little of HO,
still exists in the electrolyte which will cause the anode
passivation. All the reaction will follow the 4e path when
the catalyst amount increases ( as air cathode C and D) to
a certain value and the polarization decreases ( as line C,
line D in Fig 3). The difference of polarization voltage
between the air cathode C and D is no more than 50 mV
when the current density is lower than 100mA “em ~. But
the content of catalyst in cathode D is much more than that
in cathode C. The concentration of HO, can decrease to
minimum to prevent the anode from passivation for cathode
C. Regarding the operation life of air electrode and manu-
facturing cost, cathode with lower catalyst content is man-
ufactured. The open wircuit voltage and other properties of
battery are not affected, for the working arrrent density of
zine air battery is usually below 100 mA lem’ .

3  Conclusions

(1) Experiments show that the anount of oxygen ev-
olution in the electrolysis indicates directly the degree of
oxygen reduction. The percentage of the 2e or 4e path re-
duction reaction can be calculated through measuring the
volume of the gas generated fiom an electrolysis bath and
the current of the electrolysis bath with a given period of
time

(2) The amount of carbon carrier and catalyst has
much influence on the product of the oxygen reduction re-
action at the cathode. The 2e path reduction reaction on
the cathode covers 74 % with only active carbon as cata-
lyst at 45~50 C as working temperature when the reac-
tion is stabilized. The reaction at air cathode will follow
the 4e path when the concentration of catalyst MnO, is
over 33%. The method can simulate the working state of

K&, R, &

the battery and electrochemical reactor and measure the fi-
nal state of oxygen reduction in air electrode ( without re-
gard for the intermediate product and process) and the
change of the electrode reaction with time.
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