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Abstract - New insulating oils were developed by fermenting 
sugarcane juice and obtaining a base oil made up of β-farnasene 
(C15H24). One of the two types of such oils (Evoshield XFo3), and  
a reference mineral insulating oil (Ergon Hyvolt II) were aged in 
the laboratory during 21 days at 120 ºC both with air bubbling 
through the oils at a flow speed  of 0.15 l/h, and  with no air 
bubbling. Evoshield XFo3 performed better as compared with 
Ergon Hyvolt II taking into consideration all the tests conducted. 

To confirm such preliminary results, transformer prototypes 
were built to assess the performance of Evoshield XFo3 under 
another laboratory accelerated aging condition. Regular Kraft, 
thermally upgraded Kraft, and Nomex were used as paper 
insulation.  Transformer prototypes were aged during 21 days at 
130 ºC. Evoshield XFo3 presented a compatible performance as 
compared with that observed for Ergon Hyvolt II.123456 
 

Index Terms – Accelerated aging, insulating paper, sugarcane 
based insulating oil, transformer. 

I.  INTRODUCTION 

The fermentation of sugarcane juice by utilizing yeast can 
convert sugars present in the juice into a base oil constituted 
by β-farnasene (C15H24), a hydrocarbon that can be 
hydrogenated for producing over 50,000 applications, among 
which insulating oils are included. 

Two types of sugarcane based oils were developed. A more 
viscous one (Evoshield XFo1), and another (Evoshield XFo3) 
which presents viscosity values close to the maximum upper 
limit established for mineral insulating oils.  

Typical oil characterization laboratory tests were conducted 
by the manufacturer of these sugarcane based insulating oils, 
which demonstrated that the oils presented good performance. 
However, some laboratory accelerated aging experiments were 
planned to be conducted in the present study. 

Because of the lower viscosity of Evoshield XFo3, it was 
the sugarcane based insulating oil selected to be used in the 
accelerated aging experiments. Ergon Hyvolt II was the 
mineral insulating oil used a reference for performance 
comparison between the two types of oil studied. 
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In order to collect data on the performance of the sugarcane 
based insulating oil under accelerated laboratory aging 
condition, we decided to age it in accord with IEC 61125 
standard, Test Method C [1], which  determines to bubble the 
oil with an air flow during aging.  We considered it would also 
be of benefit to age the oils with no air bubbling through them. 

In a second phase of the study, the objective was to 
accelerate the oil aging in transformer prototypes in which 
typical materials used in transformers would be employed. A 
set containing three transformer prototypes was built. In each 
prototype one of the following types of paper was used as 
solid insulation:  regular Kraft, thermally upgraded (TU) 
Kraft, and Nomex. 

II.  EXPERIMENTAL 

A. Accelerated Aging Experiments with and with No Air 
Bubbling Through the Oils 

Samples of Evoshield XFo3 sugarcane based insulating oil, 
and of Ergon Hyvolt II mineral insulating oil inhibited with 
0.3% in weight with 2,6-di-tert-butyl para-cresol (DBPC) were 
utilized in the accelerated aging experiments in the laboratory. 

These oils were aged during 21 days, and in accord with the 
condition established in IEC 61125 standard, test method C 
[1].  

This IEC method assesses the oil capacity to withstand 
oxidation under thermal stress in the presence of oxygen, and 
a copper catalyst. Therefore, the test results allow to compare 
the expected life of oils with that of other oils with known 
records. During the test, the oil acid number, the sludge 
content, and the dissipation factor at 90 ºC are measured. IEC 
61125 Standard determines test duration must be 164 hours. 
However, in the case of inhibited oils (like those under 
analysis in the present study) which have higher oxidation 
stability, the standard establishes test duration can be extended 
by 168-hour multiples until a significant oil degradation level 
is reached. 

The IEC 61125 Standard also mentions that a 500-hour test 
duration has been considered adequate to assess inhibited 
insulating oils. So, in order to standardize the time interval for 
collecting samples during the accelerated aging, test duration 
was extended to 504 hours (21 days), and samples were 
collected every 72 hours (3 days). 

Bare copper wires having 1 mm in diameter and 305 mm in 
length were wound forming coils with 50 mm in length and 16 
mm in external diameter. The coils were put in glass oxidation 
tubes.  

Assessment of the Performance of Sugarcane 
Based Insulating Oil in Accelerated Aging 

Experiments 
Armando Bassetto F., Milton Marques Júnior, Lázaro Partamian Carriel, Claudio Aparecido Galdeano, 

José Hugo Aguiar, Eduardo Heraldo dos Santos Silva 



THE 12th LATIN-AMERICAN CONGRESS ON ELECTRICITY GENERATION AND TRANSMISSION - CLAGTEE 2017 2

The oxidation tubes were filled with 25 grams of insulating 
oil and were placed in a cast aluminum block heated 
previously at a stable temperature of 120 ºC. During all the 
accelerated aging procedure, test tubes were bubbled with air 
at a flow speed of 0.15 l/h. Aging was repeated under the same 
condition, however with no air flow in order to assess the 
performance differences of the two oils under study. 

At the established time intervals, oils samples were 
collected for testing. The dissipation factor at 90 ºC, the oil 
acid number and the sludge content were measured. Initially, 
the soluble acid number of the oil was measured. However, 
part of the acids generated during aging was carried away 
together with the air flow that was bubbled trough the oil. So, 
another tube for collecting and measuring the volatile acids 
was placed at the exit of each oxidation tube in the heating 
block. Consequently, the total acid number of the oil was 
calculated by summing up the soluble to the volatile acid 
number. 

When oxidation tubes were taken for tests, the oil was 
transferred to a 500 ml Erlenmeyer flask. The tube and the 
copper catalyst were rinsed with five aliquots of n-heptane, 
each one containing 40 ml, and the resulting extract was 
transferred to a flask containing the oil sample collected. 

After adding another aliquot of 100 ml of n-heptane to the 
mixture and allowing a resting period of 14 hours at 25 ºC, the 
mixture was filtered through a filter paper with a porosity 
ranging 5-15 µm, which was placed on a Buchner funnel 
attached to a Kitasato flask.  

The filtration residue, that is, the soluble sludge in the oil, 
was rinsed with 5 portions of n-heptane, each one containing 
30 ml, and was placed in an oven at 110 ºC until a constant 
mass was obtained. 

Thereafter, the oxidation tube and the copper catalyst were 
rinsed with two aliquots of chloroform, each one containing 
15 ml, for extracting the remaining sludge, which is insoluble 
in n-heptane. These aliquots were transferred to porcelain 
capsule. After chloroform evaporation, the capsule was put in 
an oven at 110 ºC until a constant mass was obtained. The 
total sludge content was calculated by summing the soluble 
sludge content to the insoluble one. 

B. Assessment of the Useful Life of Insulating Paper Aged in 
Conjunction with Sugarcane Based Insulating Oil 

Accelerated aging experiments were conducted in the 
laboratory both in the sugarcane based insulating oil and  
mineral insulating oil for comparison purposes in order to also 
assess the performance of regular Kraft, thermally upgraded 
Kraft, and Nomex insulating papers.  

The accelerated aging experiments were performed in 
transformer prototypes specially developed for such an 
objective. 

To assess the performance of Evoshield XFo3 sugarcane 
based oil comparatively, a sample of Ergon Hyvolt II mineral 
insulating oil was used as a reference once again. 

The coils of the transformer prototypes were insulated with 
one of the following types of insulating papers: regular Kraft 
(PKN type, 0.30 mm thickness, 0.95-1.05 g/cm3 apparent 
density, manufactured by Weidmann Electrical Technology), 
thermally upgraded Kraft (TUK type, 0.254 mm thickness, 
0.9-1.1 g/cm3 apparent density, manufactured by Weidmann 

Electrical Technology), and Nomex (410 type, 0.30 mm, 
thickness, 1.00 g/cm3 apparent density, manufactured by 
DuPont). The core and coil assemblings were placed in an 
oven with air circulation for drying at 80 °C during 24 hours. 
Table I presents an example of the amount of materials used in 
each core and coil assembling.  

After paper drying process was conducted, each one of the 
core and coil assemblings insulated with one of the three 
insulating paper types used in this study was put in a stainless 
steel tank containing 18 l of Evoshield XFo3 sugarcane. After 
aging such core and coil assemblings, the same procedure was 
repeated with new ones filled with Ergon Hyvolt II mineral 
insulating oil for comparison purposes. 

 
Table I. Example of the amount of materials employed in coils insulated with 

each one of the three types of paper used. 
Type of Paper Clamping 

Structure (g) 
Paper 

(g) 
Copper 

(g) 
Silicon Steel 

(g) 
Upgraded Kraft  1,623.6 195.7 1.732.9 9,434.8 
Regular Kraft 1,601.7 159.0 1.714.5 9,638.0 

Nomex 1,623.0 180.9 1.726.1 9,446.1 

 
Fig.1 shows the testing set, which is fitted with an oil 

heating system. 
 

 
Fig.1. Testing set containing three transformer prototypes utilized in the 

accelerated aging experiments in the laboratory. 

 
The transformer prototypes were energized on the low-

voltage side (220 V), and were short-circuited on the high 
voltage side. The oil was heated at 130 °C for 21 days. Paper 
and oil samples were collected for analysis every 7 days (168 
h).  

A set of samples composed of the same type of paper used 
in the coil insulation was placed in each oil tank of the 
transformer prototypes, forming a paper test specimen. This 
procedure enabled paper collection without either causing any 
damage to the paper insulation in the coils or interrupting the 
accelerated aging experiments. After collecting paper samples 
from test specimen every week, the remaining samples in the 
specimen were put back into the oil tank until the following 
week when another set of samples was collected. Paper 
samples for the degree of polymerization (DP) test were 10 
mm wide and 50 mm long, while samples for the tensile 
strength test were 10 mm wide and 150 mm long.  

The following tests were performed in the oil samples: 
interfacial tension [2], acid number [3], dissipation factor at 
100 ºC [4], dielectric breakdown voltage [5], water content 
[6], DGA analysis [7], and 2-furfural content [8].  

DP tests [9] were performed in the cases of regular Kraft 
and thermally upgraded Kraft papers, whereas the tensile 
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strength tests [10] were conducted on the three types of paper 
studied. All paper tests were performed in duplicates. 

III.  RESULTS AND DISCUSSION 

A. Accelerated Aging Experiments with and with No Air 
Bubbling Through the Oils 

Fig. 2 presents the results of the acid number tests 
performed on Evoshield XFo3 sugarcane based insulating oil, 
and on Ergon Hyvolt II mineral insulating oil during 21 days 
of accelerated aging at 120 ºC with air bubbling through the 
oils at a flow speed of 0.15 l/h. 
 

 
Fig. 2. Acid number of Evoshield XFo3 and Ergon Hyvolt II insulating oils 

with air bubbling through the oils. 

 
Fig. 3 shows the results of the acid number tests performed 

on Evoshield XFo3, and on Ergon Hyvolt II insulating oils 
during 21 days of accelerated aging at 120 ºC with no air 
bubbling through the oils. 
 

 
Fig. 3. Acid number of Evoshield XFo3 and Ergon Hyvolt II insulating 

oils with no air bubbling through the oils. 

 
Fig. 4 presents the results of the sludge content tests 

performed on Evoshield XFo3, and on Ergon Hyvolt II 
insulating oils during 21 days of accelerated aging at 120 ºC 
with air bubbling through the oils at a flow speed of 0.15 l/h. 
 

 
Fig. 4. Sludge content of Evoshield XFo3 and Ergon Hyvolt II insulating oils 

with air bubbling through the oils. 

 
Fig. 5 shows the results of the sludge content tests 

performed on Evoshield XFo3, and on Ergon Hyvolt II 
insulating oils during 21 days of accelerated aging at 120 ºC 
with no air bubbling through the oils. 
 

 
Fig. 5. Sludge content of Evoshield XFo3 and Ergon Hyvolt II insulating oils 

with no air bubbling through the oils. 

 
Fig. 6 presents the results of dissipation factor at 90 ºC tests 

performed on Evoshield XFo3, and on Ergon Hyvolt II 
insulating oil during 21 days of accelerated aging at 120 ºC 
with air bubbling through the oil at a flow speed of 0.15 l/h. 
 

 
Fig. 6. Dissipation factor at 90 ºC of Evoshield XFo3 and Ergon Hyvolt II 

insulating oils with air bubbling through the oils. 

 
Fig. 7 presents the results of dissipation factor at 90 ºC tests 

performed on Evoshield XFo3, and on Ergon Hyvolt II 
insulating oils during 21 days of accelerated aging at 120 ºC 
with no air bubbling through the oils. 
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Fig. 7. Dissipation factor at 90 ºC of Evoshield XFo3 and Ergon Hyvolt II 

insulating oils with no air bubbling through the oils. 

 
As Figures 2-7 show, Evoshield XFo3 presented lower acid 

numbers, sludge contents, and dissipation factor at 90 ºC test 
results during 21 days of accelerated aging at 120 ºC both with 
air bubbling at a flow speed of 0.15 l/h, and with no air 
bubbling through the oils as compared to the results obtained 
for Ergon Hyvolt II. 

B. Assessment of the Useful Life of Insulating Papers Aged in 
Conjunction with Sugarcane Based Insulating Oil 

Figures 8-19 present the results of the tests conducted on 
the insulating oils during 21 days of accelerated aging at 130 
ºC. 

When analyzing the total set of data obtained during the 
accelerated aging experiments, it can be observed that the 
Evoshield XFo3 did not always present a better performance 
as compared to Ergon Hyvolt II used as a reference oil. For 
example, in the case of interfacial tension (Fig. 8), and the 
acid number (Fig. 9) of Evoshield XFo3 aged in conjunction 
with regular Kraft paper.  

The test results of the dissipation factor at 100 oC showed 
that Evoshield XFo3 always performed better than Ergon 
Hyvolt II did (Fig. 10), independently of the type of paper 
tested. 

The results of the dielectric breakdown voltage test of the 
Evoshield XFo3 aged in contact with regular Kraft and Nomex 
papers (Fig. 11) were lower than those of Ergon Hyvolt II 
aged in contact with all the three types of paper studied. This 
occurred because the initial water contents of Evoshield XFo3 
aged in contact with regular Kraft and Nomex papers were 
much higher than those of all the other oil samples (Fig. 12). 
 

 
Fig. 8. Interfacial tension of Evoshield XFo3 and Ergon Hyvolt II insulating 

oils during 21 days of aging at 130ºC. 

 

 
Fig. 9. Acid number of Evoshield XFo3 Evoshield XFo3 and Ergon Hyvolt II 

insulating oils during 21 days of aging at 130ºC. 

 

 
Fig.10. Dissipation factor at 100 ºC of Evoshield XFo3 and Ergon Hyvolt II 

insulating oils during 21 days of aging at 130ºC. 

 

 
Fig.11. Dielectric breakdown voltage of Evoshield XFo3 and Ergon Hyvolt II 

insulating oils during 21 days of aging at 130ºC. 

 

 
Fig.12. Water content of Evoshield XFo3 and Ergon Hyvolt II insulating oils 

during 21 days of aging at 130ºC. 
 

Carbon monoxide and dioxide gas contents (Figures 13 and 
14) tended to present higher values for the Ergon Hyvolt II 
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when comparing the results obtained for the Evoshield XFo3 
taking into consideration the same type of paper tested.  
 

 
Fig. 13. Carbon monoxide gas content of Evoshield XFo3 and Ergon Hyvolt II 

insulating oils during 21 days of aging at 130ºC. 

 

 
Fig. 14. Carbon dioxide gas content of Evoshield XFo3 and Ergon Hyvolt II 

insulating oils during 21 days of aging at 130ºC. 

 
Ergon Hyvolt II tended to present higher hydrogen, 

ethylene, and ethane gas contents (Figures 15, 16, and 17, 
respectively) when comparing them with the results obtained 
for Evoshield XFo3 aged in contact with the same types of 
paper. However, in the case of ethane, very low levels were 
generated, which prevented a deeper analysis. 
 

 
Fig. 15. Hydrogen gas content of Evoshield XFo3 and Ergon Hyvolt II 

insulating oils during 21 days of aging at 130ºC. 

 

 
Fig. 16. Ethylene gas content of Evoshield XFo3 and Ergon Hyvolt II 

insulating oils during 21 days of aging at 130ºC. 

 

 
Fig. 17. Ethane gas content of Evoshield XFo3 and Ergon Hyvolt II insulating 

oils during 21 days of aging at 130ºC 
 

The 2-furfural contents (Fig. 18) were very low in most 
cases because of the experiment short duration. The only 
exception was observed in the case of the regular Kraft paper 
aged in Evoshield XFo3 when the highest concentrations of 
such a compound were observed.  

DP testing was performed only on the regular Kraft, and 
thermally upgraded Kraft papers (Fig. 19) since cellulose is 
their major constituent, whereas Nomex paper is composed of   
polyaramide, a synthetic polymer. 
 

 
Fig. 18. 2-furfural content of Evoshield XFo3 and Ergon Hyvolt II insulating 

oils during 21 days of aging at 130ºC. 
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Fig. 19. Degree of polymerization (DP) test results of regular Kraft and 

thermally upgraded Kraft papers aged in Evoshield XFo3 and in Ergon Hyvolt 
II insulating oils during 21 days at 130 ºC. 

 
Fig. 20 shows that regular Kraft paper presented a better 

performance during the experiment when it aged in 
conjunction with Ergon Hyvolt II, whereas thermally 
upgraded Kraft paper performed better when it aged in 
Evoshield XFo3. 

The tensile strength test was conducted in order to assess 
the performance of the three types of paper comparatively. As 
Fig. 20 shows, Nomex paper presented a very close 
performance no matter the type of oil in which it was aged. 
Regular Kraft paper performed better when it aged in Ergon 
Hyvolt II, whereas thermally upgraded Kraft paper presented a 
better performance during aging in Evoshield XFo3.  
 

 
Fig. 20. Tensile strength test results of regular Kraft, thermally upgraded 
Kraft, and Nomex papers aged in Evoshield XFo3 and in Ergon Hyvolt II 

insulating oils during 21 days at 130 ºC. 

 

IV.  CONCLUSION 

A. Accelerated Aging Experiments with and with No Air 
Bubbling Through the Oils 

The comparative assessment between Evoshield XFo3 
sugarcane based insulating oil and Ergon Hyvolt II mineral 
insulating oil demonstrated that Evoshield XFo3 presented 
lower acid number, sludge content, and dissipation factor at 90 
ºC test results when the oils were aged during 21 days at 130 
oC both with air bubbling (0.15 l/h) and with no air bubbling 
through the oils. 

B. Assessment of the Useful Life of Insulating Papers Aged in 
Conjunction with Sugarcane Based Insulating Oil 

When analyzing the total set of data obtained for the 
physicochemical test results obtained from insulating oil 

samples aged in transformer prototypes during 21 days at 130 
ºC, we observed that the Evoshield XFo3 did not always 
present a better performance as compared to Ergon Hyvolt II, 
the mineral insulating oil used as reference. For example, in 
the case of interfacial tension, and the acid number of 
Evoshield XFo3 aged in conjunction with regular Kraft paper. 
However, the test results of the dissipation factor at 100 oC 
showed that Evoshield XFo3 presented a better performance 
than Ergon Hyvolt II did for all the three types of paper tested 
(regular Kraft, thermally upgraded Kraft, and Nomex).  

Ergon Hyvolt II tended to present higher hydrogen, 
ethylene, and ethane gas contents when compared with 
Evoshield XFo3 when both oils had been aged in contact with 
the same types of paper. However, in the case of ethane, very 
low levels were generated, which prevented a deeper analysis. 

In general, 2-furfural content of the two oils were very low 
because of the experiment short duration. The only exception 
was observed in the case of the regular Kraft paper aged in 
Evoshield XFo3 when the highest 2-furfural concentrations 
were measured. 

DP (only for regular Kraft and thermally upgraded Kraft 
papers), and tensile strength test results of paper samples aged 
in Evoshield XFo3 were not significantly different when 
taking into consideration each type of paper tested, and 
comparing such results with those measured on the samples 
aged in Ergon Hyvolt II. However, regular Kraft paper 
presented a better performance during the experiment when it 
aged in conjunction with Ergon Hyvolt II, whereas thermally 
upgraded Kraft paper performed better when it aged in 
Evoshield XFo3.   

Evoshield XFo3 presented a compatible performance as 
compared to that observed for Ergon Hyvolt II when the two 
types of insulating oil were aged under the same accelerated 
laboratory condition. 
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