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Table 1 Composition of solution for the sol-gel reaction.

TIP |TiO, (P-25) |CHsO (CH.).OH| H,O | HNO;
0.90 0.10 18.00 0.90 | 0.09

Molar Ratio
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Fig.1 Picture of assembled self-cleaning electrode.
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Fig.2 Microscope picture of TiO. —coated responsive glass
fundamental properties of the self-cleaning pH electrodes.

400M N
Mf\m - ® Anatase ]

300 | W’L B Rutile

200 - M u 4

100 | M"‘Wmm ‘ N _

Intensity / a.u.

20 l 30 ‘ 40 l 50 ‘ 60 l 70
20 (deg.)

Fig.3 XRD Pattern of TiO. Coated Glass
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Table 2 Standard property of the self-cleaning pH electrodes.
Coating Potential (mV) Response Sensitivity (%)™
number | pH 6.86* | pH 4.0l | pH 9.18 |time™* (T90) | pH6.86-4.01 | pH6.86-9.18 | pH4.01-9.18
0* —10.1 157.2 —148.7 6 98.7 101.2 100.0
1 —19.9 148.0 —157.0 15 99.1 100.1 99.6
3 —41.2 126.5 —176.7 28 99.0 98.9 99.1
* Uncoated
** Asymmetry potential
** Measured by BS EN 60746 **
*** Sensitivity (%)
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Fig.4 Methylene Blue decomposition by the Self-Cleaning pH electrodes. The picture of decomposed
Methylene Blue solution after UV light irradiation for 360 minutes. The upper and under
beakers correspond to the result of the uncoated and the three times coated electrodes.
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Fig.5 Penetration Test using B heavy oil.
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Fig.6 Comparative pictures between conventional and the Self-
Cleaning pH electrode after 3 months.
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Fig.7 Difference of response time between the conventional and
the Self-Cleaning pH electrode after 3 months in-situ test :
a) From pH6.86 to pH4.01:b) From pH6.86 to pH9.18: ¢)
From pH4.01 to tap water.

Table 4 Summary of Cost & Value.

Conventional Self-Cleaning
Electrode Electrode
(Standard type)
Maintenance
Labor (¥/Year/Place) 43.200 14400
Reagent (¥/Year/Place) 7.560 2,520
Electrode price (¥) 12,000~72,000 Not Decided
Value
Accuracy /
. < Better
Security L
Safety

3% ! Simulation case : Monthly cleaning and caliblation for 30 minutes.
One minute labor cost corresponds to ¥120
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Fig.8 Schematic diagram of Self-Cleaning function.
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Abstract

A unique pH electrode equipped with a small UV-LED lamp inside stem glass tube and titanium
oxide (TiO,) coated glass membrane was developed. TiO; was coated on the pH-responsive glass
and liquid junction by sol-gel dip—coating method. The electrode thus obtained showed about 98%
sensitivity between pH 4.01 and pH 9.18, whereas the response time and asymmetry potential
increased. The TiO,-coated area of this electrode decomposed methylene blue, which is often used as
a model compound to evaluate photocatalytic activity, under UV irradiation. The in—situ test has also
been performed in a chemical factory. As a result, the pH-responsive glass under the UV irradiation
kept clean for 3 months without any manual cleaning. The response and drift value of the newly
developed pH electrode was shorter and smaller compared with conventional TiO.-uncoated pH

electrode.

Key words : no maintenance, pH, glass electrode, self-cleaning, TiO.




