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Development of solid-state sensors for on-site monitoring of acidity in oils
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The deterioration of machine lubricants and engine oils can be commonly estimated
through total acid number (TAN), which is the acidity measured by a general titration using KOH(ag.)-
However, its operation is quite complicated and thus online monitorin? the TAN is quite difficult.
Therefore, development of solid-state sensors using ion-sensitive field-effect transistor (IS-FET) has
been attempted in this study. Both the IS-FET and a reference Ag/AgCl electrode, which were set at the
tip surface of general pH sensors, were coated with a cation-conducting polymer film. The sensors
obtained were capable of monitoring the acidity of both as-received and heat-treated oils, and the pH
values, which were directly measured by the sensors, were relatively correlated with the derived pH
values, which were calculated from TAN measured by the general titration method.
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Fig. 1. Schematic drawing of a tip of a
pH sensor, which consists of an IS-FET
and a reference electrode.

Table 1. Total acid number (TAN) and
pH calculated from TAN (pHy) of
as-received and oxidized oils.

Oil sample (n treatment 1

time for 0)(<idation hy) TAN® PHr

Non- 1(0) 0.19 2.58

biodegradable 1(504) 0.23 2.48

oil, 1(n) 1(800) 0.30 2.37

’ 1(1104) 0.35 2.31
Biodegradable E(0) 0.83 1.899
oil, E(n) E(200) 62.7 0.005
Biodegradable = B(0) 0.53 2.105
oil, B(n) B(504) 37.4 0.236

1) TAN mg KOH/g

(a) CE(1) film
film (ca. 14 um thick)

(b) CE(2) film

{ CE(2) film (ca. 10 um thick)

Fig. 2. SEM  photographs of
representative CE(m) films on an Si
substrate.
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Fig. 3. Variations in pHy, measured
by CE(2)IS-FET with time.
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Fig. 4. Relationship between pHy

and pHy measured by CE(2)IS-FET.
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