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Abstract

A new electrochemical type oxygen gas sensor without any harmful substance for environmental protection has
been developed to meet RoHS regulation. This sensor consists of Au cathode sputtered on tetrafluoroethylene-
hexafluoropropylene copolymer membrane, Zn anode, KOH-KCI electrolyte solution, and electric control circuit.
The oxygen gas detection function is based on the principle, originally found by us, that the discharge current
of O,-Zn electrochemical cell is proportional to O, concentration of environmental atmosphere. The test sample
showed a good linearity characteristic in the concentration range of 0 — 100%, and temperature compensation of
output was ensured from -10 to 50 C. The characteristic of 90% response time in changing oxygen gas concen-
tration from atmosphere to 0% turned out to be around 18 seconds. Moreover, the good accuracy was remained

even after 4.2 years of life test.
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Fig.1 Schematic structure of conventional oxygen gas sensor.
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Fig. 2 Schematic diagram of new type Pb free oxy-
gen sensor.
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Fig. 3 X-ray diffraction pattern of anode precipi-
tate of new type Pb free oxygen gas sensor (a). The
tick marks indicate allowed peaks of simonkolleite (b)
and ZnO (c) by JCPDS cards.
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Fig. 4 V-I characteristics of new type Pb free oxy-
gen gas sensor in nitrogen gas (<> ), atmosphere
(CJ), and oxygen gas (&).

Cathode: Au; Anode : Zn

Oxygen gas permeable membrane: FEP 25 um
Electrolyte : KOH-KCI solution

Ist [j Thermistor

B Anode

+V

Sout

Cathode

+—3
"

Fig. 5 Electric circuit of new type Pb free oxygen gas sensor.
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Fig. 6 Linearity characteristic of new type Pb free
oxygen sensor under the condition of ambient atmo-
spheric pressure at 24 C.
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Fig. 7 Temperature—-output characteristic of new
type Pb free oxygen sensor under the condition of
balanced temperature after 3 hours holding in atmo-
sphere.
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Fig. 8 Response characteristics of new type Pb
free oxygen sensor in changing flow gas from nitro-
gen gas to atmosphere (a) and from atmosphere to
nitrogen gas (b). The outputs after 30 minutes were
calculated as the saturation value.
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Fig. 9 Response characteristics of new type Pb
free oxygen sensor in changing flow gas from atmo-
sphere to oxygen gas (a) and from oxygen gas to
atmosphere (b). The outputs after 30 minutes were
calculated as the saturation value.
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Table 1 Interference by other gases.

Gas components Gas concentration Interference
(Note 1)

NO 0.996% (N, balance) None

NO, 1.000% (N, balance) +0.4%

CcoO 405 ppm (Air balance) None

H, 400 ppm (Air balance) None

SO, 0.996% (N, balance) None

H.S 50.2 ppm (N, balance) None

NH; 0.995% (N, balance) +0.4%

CO, 100% +1.2%

Toluene (Note 2)  Saturated vapor Deterioration
pressure in atmosphere  of output and
degradation of
part or resin

Note 1:

"Interference" is converted into oxygen gas concentration (%).
For example, when "1.000%NO.," gas coexists in atmosphere
(oxygen 20.7%), the sensor output will be ca. 0.4% larger,
and the measured oxygen concentration will be 20.7 + 0.4 =
21.1 (%).

Note 2:

When the sensor is exposed in an organic solvent gas, such
as toluene, for a certain time, the sensor jackets made of
ABS resin degenerate and degrade, resulting in unstable
sensor output. Condensation attached on the oxygen
concentration detection part at the tip of the sensor will
reduce the output and response speed. In addition to toluene,
the following organic solvents have been verified to be
harmful to the sensor : benzen, xylene, acetone, methyl ethyl
ketone, metylene chloride, kerosene, gasoline, naphtha, and
gas oil.
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Fig. 10 Estimated life performance of new type Pb
free oxygen sensor. The case of 20 ‘C atmosphere
is accelated to 10 times in comparison with in 40 C,
100% oxygen gas.
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