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Motivation

• Mineral insulating oil (MIO) oxidation produces acidic 
compounds responsible for accelerating insulating paper 
degradation. Advanced oil oxidation can lead to "sludge" 
formation, which is an oil-insoluble material and forms 
deposits that hinder transformer cooling. 

• In spite of being less stable to oxidation, natural ester 
insulating oil (NEIO) forms degradation products less harsh to 
insulating paper, there is no sludge formation and acids are 
weaker than those released by MIO. The main effect of NE 
degradation is viscosity increase along with oxidation and, 
when viscosity rises above 10% compared to the initial value, 
reducing oil viscosity through regular regeneration process is 
unfeasible. Among factors that led to NE and MIO oxidation, 
oxygen concentration and temperature can be mentioned. 

• To prevent early oil regeneration or change, controlling 
oxygen intake is very important. Regarding the differences 
between NEIO and MIO, it is assumed that oxygen level limits 
to maintain adequate condition of both fluids are different. 

Experimental setup 

Method/Approach
• Physicochemical parameters of aged MIO and NEIO were 

compared with limits defined in Brazilian standards for NEIO 
and MIO immersed transformers (ABNT NBR 16518 for 
NEIO and ABNT NBR 10576 for MIO).

• A polyunsaturated NEIO was used.

• To assess effect of different oxygen concentrations on 
oxidation susceptibility MIO and NEIO samples were 
prepared with five different oxygen volume concentrations 
(~3000 ppm, ~5000 ppm, ~10000 ppm, ~15000 ppm and 
20000 ppm). Dry nitrogen and pure oxygen bubbling were 
used to achieve desired gas concentration.

Objective of investigation
To study the effect of different oxygen concentrations on MIO 
and NEIO in accelerated oxidation ageing tests.

Identification of MIO and NE samples according to their initial 
oxygen concentration

• NEIO and MIO aging at required oxygen content was 
carried out in stainless steel cells containing metallic 
copper (catalyst) under vacuum. 

• Accelerated aging was performed at controlled 
temperature (200 °C) and oil conditions were evaluated 
at time intervals of 326, 768, 980 and 1175 h,  
identified as t1, t2, t3 and t4, respectively

Physicochemical analysis performed in aged MIO and NE 
samples

Test results
Physicochemical analysis of non-used and aged MIO samples

a Power factor measured at 90 °C; b Power factor measured at 25 °C.
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Test results
Physicochemical analysis of non-used and aged NE samples

Conclusions

• This study allowed to conclude that different 
concentrations of oxygen did not affect MIO behavior 
during testing as shown by unchanged 
physicochemical characteristics, with exception of 
water content that was increased in all aged samples.

• NEIO aged oils presented significant increase on TAN 
and viscosity under all oxygen concentration.

• Laboratory accelerated aging tests are a powerful tool 
for insulating oils properties evaluation such as 
thermal class. To stablish a useful standard procedure 
for NEIO is necessary to define a range of acceptable 
oxygen concentration for this oil, moisture and 
maximum test temperature as well. Therefore, a 
standard aging test procedure for NEIO with oxygen, 
water and aging temperature limits must be defined. 
Further studies are going on to contribute on this 
goal.

DGA analysis of non-used and aged NEIO samples

DGA analysis of non-used and aged MIO samples
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