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Influence of Filtration Oil Temperature on the Membrane Patch Color of Oxidized Turbine Oil

Tomomi HONDA*

(Received September 1, 2019)

Oxidation of turbine oil used in combined cycle power plant has become a serious problem.

Oxidation of turbine oil causes varnish generation finally and affects the operation of machine. To

prevent this problem, the method that can diagnose the oxidation of turbine oil at early period of

oxidation is required. Authors have been clarifying the relations between color of membrane patch

and degradation of lubricating oil. In this study, we investigated the effect of filtration oil temperature

on the membrane patch color of the oxidized turbine oil by using a colorimetric patch analyzer (CPA)

and FT-IR (Fourier transform infrared spectrometer) with cooling and heating stage. As a result, we

found that high oil temperature cause oxidation products by cutting hydrogen bond. So, it became

difficult to trap with membrane filter and the membrane patch color became light. Moreover, we

found not only oil temperature but incubation time affects the property of oxidation products and the

color of membrane patch.
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Fig.1 Filtering equipment.

Table 1 Details of membrane filter.

Material Cellulose acetate
Pore size, pm 0.8
Diameter, mm 25
Thickness, mm 0.125

Fig.2 Magnified image of membrane filter.
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Fig.3 Measurement principle.
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Table 2 Physical properties of non-additive oil.

Sample oil, g 50+0.5
Distilled water, ml Sample beaker >
Pressure chamber 5
Temperature, °C 150
Rotational speed, rpm 100+5
34.5 kPa 68.9 kPa 103 kPa
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Fig.4 RPVOT test result without copper catalyst.
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Table 3 Images of sample oil.
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Table 4 Images of membrane patch.
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Fig.5 Relations between oil temperature and RGB
values with transmitting light.

HMCD : Maximum color difference

250 300
200 1230
sl 1200

Q — m

o | 1150 2

> 100 100

50 1s0

0 L | L | L | L | L | L | L | L 0
10 20 30 40 50 60 70 80 90
Filtration oil temperature, °C
Fig.6 Relations between oil temperature and MCD,
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Fig.8 Total ion chromatogram.

Table 5 Detected ingredients by GC-MS.

Peak NO.
®

Estimated ingredient
2,6-Di-tert-butyl-1,4-benzoquinone
2,6-Di-tert-butyl-4-methylene-2,5-
cyclohexadienone
2,6-Di-tert-butyl-p-cresol
Unidentified ingredient
3,5-Di-tert-butyl-4-hydroxybenzaldehyde
4,4’ -ethylenbis (2,6-Di-tert-butylphenol)
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Fig.9 Schema of cooling and heating stage.
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Fig.10 IR spectra of sample oils from 1800 to 1650 cm™.

Table 6 Wave number of peak A to D.

Peak Wave number at each Oil temperature, cm’!
20 30 40 50
A 1710.6 1711.5 1714.4 1714.4
B 1698.0 1698.0 1699.0 1699.0
Wave number at each Oil temperature, cm’!
Peak
60 70 80 -
A 1714.4 1714.4 1714.4 -
B 1699.0 1699.0 1699.0 -
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Fig.11 IR spectra of sample oils from 3600 to 3200 cm™'.
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