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INTRODUCTION 

 

Ageing assessment of transformer paper insulation is 

commonly conducted through measurement of 

different chemical indicators in oil such as carbon 

oxide gases and furanic compounds [1]. Apart from 

these conventional paper ageing indicators, recent 

research success has shown that methanol and 

ethanol in transformers can also be used to indicate 

the degradation of transformer paper insulation [2].  

 

Methanol and ethanol in transformer oil are 

commonly measured through methods developed 

using headspace gas chromatography units combined 

with either mass spectrometry or flame ionisation 

detection units [3, 4]. Laboratory ageing 

experiments have shown a linear variation of 

methanol against the paper ageing. Therefore, it was 

suggested to use methanol to indicate normal paper 

ageing, which occurs mainly through the hydrolysis 

process [2]. On the other hand, a high amount of 

ethanol was observed from the ageing of 

laevoglucosan, a pyrolysis by-product of paper 

ageing. Therefore, it was suggested to use ethanol to 

indicate abnormal paper ageing that occurs at very 

high temperatures [2, 5]. 

 

Apart from paper, oils themselves produced 

methanol and ethanol during their ageing process 

[6]. During a laboratory ageing experiment 

conducted at 120 °C under sealed conditions, the 

amount of methanol measured during an oil-only 

ageing experiment conducted with hydrocarbon oils 

was less than 10% of the amount measured during 

the oil-paper ageing experiment [6]. However, under 

the same conditions the amount of ethanol generated 

during the oil-only ageing experiment was much 

higher than that measured during the oil-paper 

ageing experiment [6]. The generation of methanol 

and ethanol from the components other than the 

paper could mislead the data interpretation and 

hence affect the paper ageing assessment. Therefore, 

it is important to investigate the generation of these 

indicators from oil itself at different conditions. 

 

This paper investigates further into the generation of 

methanol and ethanol from a mineral oil. The effects 

of temperature and the amount of air on the 

generation of methanol and ethanol from the mineral 

oil are investigated through various laboratory 

ageing experiments conducted with oil-only 

samples. 

 

DESCRIPTION OF THE AGEING 

EXPERIMENTS 

 

Ageing experiment was conducted with inhibited 

IEC high-grade, naphthenic mineral oil. The oil has 

about 0.38% of inhibitor content in it. Prior to the 

ageing experiments, oil was filtered and degassed to 

remove particles and other contamination. First, the 

oil was filtered through a nylon membrane of 0.2 µm 

to remove the particles. Then, the filtered oil was 

degassed inside a vacuum oven (<500 Pa) at 85 °C 

for 48 hours. Samples for the ageing experiments 

were prepared by adding 80 g of pre-processed oil 

into 100 ml glass bottles. Finally, the samples were 

sealed with thermoplastic polyester caps that have 

PTFE sealing gaskets (withstand temperatures up to 

180 °C) and left inside an air circulation oven at 

required temperature. 

 

The first ageing experiment was conducted under 

sealed conditions at 110 °C, 120 °C and 130 °C for 

up to 70 days, to investigate the effect of 

temperature on the generation of alcohols from the 

mineral oil. 

 

The second ageing experiment was conducted at 

130 °C with an intermittent air supply for up to 154 

days to investigate the generation of the alcohols 

from highly aged mineral oil. Oil samples used for 

this experiment were taken out from the oven once 

every 14 days and cooled down for three hours at 

room temperature (about 20 °C). After the cooling 

period, one sample was used for the measurements 

while other samples were left open for one minute to 

allow air into the system. Then the samples were 

sealed tightly and put back into the oven to continue 

the ageing process. This way the fresh air was added 

into the samples while minimising the loss of the 

volatile compounds in oil including methanol and 

ethanol. 

 

Methanol and ethanol in transformer oil were 

measured through an in-house method [4] developed 

based on [3]. In addition, acidity in oil was 

measured according to BS EN 62021 standard. 



RESULTS AND DISCUSSIONS 

 

Ageing Experiments Under Sealed Conditions 

 

Methanol in oil.  Figure 1 shows the variation of 

methanol during the ageing experiment conducted at 

different temperatures under sealed conditions. At 

the investigated temperatures of 110 °C, 120 °C and 

130 °C, methanol in oil was less than the detection 

limit during the early stage of ageing, and then 

increased gradually till levelling-off at the late stage 

of ageing.  

 

The duration that the concentration of methanol in 

oil is less than the detection limit reduced with the 

increase of temperature. The levelling-off 

concentration of methanol in oil increased with the 

increase of temperature. The levelling-off 

concentration values were about 0.2 mg/kg, 

0.25 mg/kg and 0.5 mg/kg for ageing experiments 

conducted at 110 °C, 120 °C and 130 °C, 

respectively. Alcohols are known to be one of the 

intermediate products of oil oxidation [7]. Therefore, 

the partial oil oxidation could be the main reason for 

the production of methanol from mineral oil. The 

stabilisation of methanol at the later stage of ageing 

might have occurred as a result of the lower rate of oil 

oxidation in the sealed glass bottles. 

 

 
Figure 1  Variation of methanol in oil during the 

ageing experiment conducted under sealed 

conditions (without an intermittent air supply) 
 

Acidity of oil.  Figure 2 shows the variation of 

acidity of the mineral oil during the ageing 

experiments conducted under sealed conditions. The 

acidity of oil showed a generally increasing trend 

with maximum values of 0.025 mg KOH/g oil, 

0.045 mg KOH/g oil and 0.040 mg KOH/g oil for 

the experiments conducted at 110 °C, 120 °C and 

130 °C, respectively. These maximum acidity values 

were still low and within a range that is classified as 

“good” condition in BS EN 60422 standard for 

power transformers of any voltage level. Therefore, 

the ageing experiment with an intermittent air 

supply was conducted to investigate the generation 

of the alcohols from oil samples at high acidity 

levels. 

 
Figure 2  Variation of acidity of oil during the 

ageing experiment conducted under sealed 

conditions (without an intermittent air supply) 
 

Ageing Experiment with Intermittent Air Supply 

 

Acidity of oil.  Figure 3 shows the variation of 

acidity of mineral oil during the ageing experiment 

conducted at 130 °C with an intermittent air supply. 

The acidity of oil showed a continuously increasing 

trend, and reached 0.44 mg KOH/g oil by the end of 

the ageing period. The continuous increase in the 

acidity confirms the continuous oil oxidation in the 

present experiment. Furthermore, the final acidity 

value in oil is well above 0.30 mg KOH/g oil 

margin, which is considered as “poor” condition in 

BS EN 60422 standard for power transformers of 

any voltage level.  

 

 

Figure 3  Variation of the acidity of oil during the 

ageing experiment conducted at 130 °C with an 

intermittent air supply 

 

Methanol in oil.  Figure 4 shows the variation of 

methanol in the mineral oil during the ageing at 

130 °C with an intermittent air supply. Methanol in 

oil increased rapidly up to 0.90 mg/kg during the 

first 56 days with a rate of about 0.016 mg/kg per 

day. Methanol in oil levelled off at around 0.9 

mg/kg for the next 70 days of the ageing period. 

However, at the end of the ageing period methanol 

in oil decreased to 0.51 mg/kg. The variation clearly 

indicates that the amount of air has an effect on the 

methanol production from oil. 

 



It is interesting to note that methanol in oil levelled 

off even with the continuous oil oxidation. The 

levelling-off concentration of methanol obtained 

during the ageing experiment conducted with an 

intermittent air supply was about twice the value 

obtained during the ageing experiment conducted at 

the same temperature without an intermittent air 

supply.  

 

The levelling-off observed during the experiment 

conducted with an intermittent air supply might have 

occurred as a result of the consumption of methanol 

in the system. Alcohols in highly acidic mediums 

can undergo esterification process, which converts 

alcohols into esters. Equation (1) shows the reaction 

between methanol and formic acid, which produces 

methyl-formate. An equilibrium between the 

generation of methanol through the oxidation and 

the consumption of methanol through esterification 

likely resulted in the levelling-off of methanol in oil. 

At very high acidity values esterification starts to 

dominate resulting in an overall reduction of 

methanol in oil. Theoretically, a consumption of 

acids through esterification was expected, which 

unfortunately was not reflected by acidity 

measurement. The availability of a much larger 

amount of acids than the alcohols could be the 

reason for this observation. 

 

𝐶𝐻3𝑂𝐻 +  𝐻𝐶𝑂𝑂𝐻 
𝐻+

↔ 𝐻𝐶𝑂𝑂𝐶𝐻3 + 𝐻2𝑂 (1) 

 

 

Figure 4  Variation of methanol in oil during the 

ageing experiment conducted at 130 °C with an 

intermittent air supply 
 

Ethanol in oil.  Figure 5 shows the variation of 

ethanol in oil during the ageing at 130 °C with an 

intermittent air supply. Ethanol in oil increased 

rapidly up to 1.77 mg/kg within 70 days with a rate 

of about 0.025 mg/kg per day, which is higher than 

that of methanol in oil. Beyond 70 days, ethanol in 

oil kept increasing with a lower rate till reaching 

2.01 mg/kg at the end of the ageing period. Similar 

to methanol, the levelling-off in ethanol might be 

due to the esterification of ethanol in oil. 

 

Figure 5  Variation of ethanol in oil during the 

ageing experiment conducted at 130 °C with an 

intermittent air supply 
 

Methanol and ethanol generation against the 

acidity of oil.  The variation of methanol and 

ethanol in oil was plotted against the acidity of oil as 

shown in Figure 6. Methanol in the oil showed a 

generally increasing trend at low acidity values and 

increased up to 0.9 mg/kg at an acidity value of 

0.15 mg KOH/g oil. Methanol in oil then levelled off 

with further increase in acidity. When the acidity of 

oil is higher than 0.4 mg KOH/g oil, methanol in oil 

reduced with further increase in acidity. 

Ethanol in oil increased continuously with the 

increase in acidity. However, the rate of increase 

gradually decreased and finally reached a peak value 

at an acidity value of 0.4 mg KOH/g oil. Above this 

acidity value, ethanol in oil also showed a reduction 

trend with further increase in acidity. 

 

 

Figure 6  Variation of methanol and ethanol in oil 

against the acidity of oil measured during the 

ageing experiment conducted with an 

intermittent air supply 

 

The concentration of ethanol measured in the 

mineral oil was higher than the concentration of 

methanol in oil, and the difference increased with 

the increase of the acidity of oil. When the acidity of 

oil increased beyond 0.3 mg KOH/g oil ethanol in 

oil was about twice the amount of methanol in oil. 

 



The results of the ageing experiments indicate a 

three-stage process in the variation of methanol and 

ethanol in the mineral oil. 

 

 At low acidity values, methanol and 

ethanol in oil increased with ageing, due to 

the generation from oil partial oxidation. 

 When the acidity of oil increased beyond a 

certain level, methanol in oil levelled off 

while ethanol in oil continued to increase 

with a lower rate. This could have occurred 

due to the consumption of some of the 

alcohols generated from oil through the 

esterification process. 

 Methanol and ethanol in oil reduced at very 

high acidity values. This might have 

occurred due to the domination of the 

consumption of the alcohols through 

esterification over the generation of 

alcohols through oxidation. 

 

CONCLUSIONS 

 

Effect of temperature on the generation of methanol 

from an inhibited mineral oil was investigated 

through a laboratory ageing experiment conducted at 

110 °C, 120 °C and 130 °C. The increase in the 

temperature resulted in an increase of the rate of 

methanol production from oil. However, methanol in 

oil levelled off at the later stage of the ageing 

experiments conducted at all the three temperatures, 

possibly due to the lack of oxygen in the sealed 

system. 

 

Another laboratory ageing experiment was 

conducted at 130 °C with an intermittent air supply 

to investigate the effect of continuous oxidation on 

the generation of methanol and ethanol from the 

mineral oil. The experiment was conducted until the 

acidity of oil increased up to 0.45 mg KOH/g oil. 

Adding new air to the system led to a substantial 

increase in the production of alcohols from the oil. 

This indicates the possible contribution from oil 

oxidation to the generation of these alcohols from 

the mineral oil. However, a reduction trend of 

methanol and ethanol was observed at high acidic 

levels of about 0.4 mg KOH/g oil, which might have 

occurred due to the consumption of the alcohols in 

oil through the esterification.  
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