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Influence of the Contaminant Amount and Its Type in Oils on the Membrane Patch Color
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Degradation of lubricating oil and hydraulic oil is roughly classified into two types, one is

caused by solid particles and the other is caused by oil oxidation products. Current diagnosis

methods for detecting solid particles such as a spectrometry oil analysis program, particle count

method and ferrography method are very useful for it. However, there are few diagnostic methods

for the oil oxidation products. The authors have developed a new diagnostic method for lubricating

oils by the colorimetric analysis of membrane patches. In the present paper, color characterization

of membrane patches was discussed using degradation oils which were prepared in the laboratory.

We also investigated the relation between reflectance of membrane patch and transmittance of

lubricating oil using a spectrophotometer.

As a result, we found the coloration of membrane patch was different by degradation of the

amount and type of contaminant. It seems that new color parameters basis of the RGB value can

distinguish them and evaluate the contamination level of the oil.
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Table 1 Property of sample oil.

Sample No. QOil composition

WDO0O0 New base oil + Wear debris

WDO03 3 hours oxidized oil + Wear debris
WDO06 6 hours oxidized oil + Wear debris
WDO09 9 hours oxidized oil + Wear debris
WD12 12 hours oxidized oil + Wear debris
WD15 15 hours oxidized oil + Wear debris
WD18 18 hours oxidized oil + Wear debris
OP00 New base oil + Oxidation products
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Table 2 Physical properties of non-additive oil.

Density, g/cm3 0.863

ASTM color 0.5
Kinematic Viscosity, @40 °C 30.6
mm’/s @100 °C | 5.29
Viscosity Index 104
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Fig.1 Relationships between particle diameter and

relative frequency of the number of particles.
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Fig.2 Changes of total acid number and kinematic

viscosity as a function of heating time.
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Table 3 Membrane patch images
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Fig.3 Relationships between average reflectance of
visible light and amount of contaminant.
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Fig.4 Relationships between amount of contaminants

and transmittance.
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Fig.5 Relationships between amount of contaminants
and RGB value

BUsRKEEERSNDOMETHIY, FR@xEL
By L ORR%E Fig7 (R d. BlzE, DA
> 7T 3y F D RGBEA R:120, G:42, B:10 D
B, RKZEIZR E BOEND 110 70 b. K
ZZIFFEHIIC L0 B m s Aoz, Eilb L
UXEB LI EERER) 2 1R L 72 30BHH (No.WD00 ~
WDIS)YD A L7 Z 8y F T 5. WO
2R RREEICITEN RN, RA LB
MEOEIMINE, TOET/NEL 72, RREE
X 0TS W, —F, EMICEbARY ZIRA L



- @O O WDO00

® WD03
A WDO06
A WD09
0O wD12
| WD15
v WD18
© OP00

0.2 04 06 08 1.0
Amount of contaminants, mg/10 ml

Fig.6 Relationships between amount of contaminants

andAERGB.
1205
o | o D03
2100 A WD06
o !@@ [C) A WD09
5] O WD12
£ 80 © ® WD15
5 ok g g
o
Bafﬂ
(&) ) ©
E 40f o
E |7 v
4 AA
T 20Fa W
& “I .
% QL_‘! A0,
: | A RndA NN | AV
0 02 04 06 08 1.0

Amount of contaminants, mg/10mi

Fig.7 Relationships between amount of contaminants

and maximum color difference.
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Fig.9 SEM and OM photos of the membrane patch.
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