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The thermochemical stability of a MOL (mineral oil) electroinsulating mineral oil was studied by the gas
chromatography technique, compared with a Voil (vegetable oil) electroinsulating fluid based on natural esters (oil),
exposed to a longer (1000 hours) thermal treatment (110 £ 5 °C) in contact with the core transformer plate (silicon
steel sheet) both blank and covered by immersion with three different types of lacquers (L-G epoxide, L-528 alkyl
epoxy-melamine copolymer and L-S polyurethane). Experimentally it was noted that during the thermal treatment
applied and in contact with the silicon steel sheet, the investigated oils have produced mainly CoH., CH, and Hz. The
total amount of flammable gases formed in Voil (vegetable oil) is about 7.5 time lower than in MOL. It has also been
found that the lacquer coating of the silicon steel sheet does not change the mechanism of gas formation processes in
the investigated oils, as well as the fact that the oxygen content of the investigated oils decreases monotonously during
the thermal treatment applied due to either the formation of CO, and CO and the oxidation processes of investigated
lacquers.
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In sustainable development perspective, the continuous and secure supply of electricity to consumers of all
categories (domestic, hospital, industrial, etc.) is a priority issue.

Safety in operation of installations and equipment for the transmission and distribution of electricity is largely
determined by the functional characteristics degradation (ageing) of the materials used to make them.

Materials ageing of the electrical installations and equipment is due to the concerted and synergistic action of
several stress factors (chemical, electrical, mechanical, microbiological, etc.) specific to the operating environment.

The power transformers are indispensable to the power system. In their construction there are a number of
materials, such as silicon steel sheet, copper conductors, Kraft insulating paper, electroinsulating fluid (transformer
oil), etc., materials that operate under the synergic action of stress factors [1]:

- electric power (working voltage and frequency);

- chemical (interactions of the insulating fluid and it components - compounds with sulphur [2-4], dissolved
oxygen [5] etc., with solid components (steel, copper [5, 6], Kraft paper [7, 8] polymeric films [8-12], etc.), and

- mechanical (mechanical stresses, magnetic circuit shocks, etc.).

The result consists in significant changes of the functional characteristics which, in the absence of efficient and
functional protection systems, can lead to damage to power transformers with special material and social implications
and a harmful impact on environmental factors (Figure 1), [13, 14].
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Fig. 1. Explosin and simultaneous fire of three power transformers in Botosani city,
RO [13, 14] - soil / surface water pollution by drain about 10 tons of mineral oil and
air pollution by burning about 11 tons of oil
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During power transformers operation, under the synergic action of electrical, thermal and chemical stress factors
(due to interactions between the electroinsulating fluid and Kraft paper in the presence of oxygen dissolved in oil), the
electroinsulating fluid and Kraft degraded paper produce gases [15-18] and furanic compounds [19-22] which are
persistent toxic products with harmful impact on the quality of environmental factors [23-29].

Recent studies [30-35] showed that the formation of gases (including flammable) and furan products is
substantially lower when electroinsulating fluids based on natural esters (vegetal oils) are used comparing to the use of
the traditional oils of transformer based on mineral oil. This way, the risk of events (such as those illustrated in Figure
1 [14, 15]) is significantly reduced.

In different electrical applications, including the contact with electroinsulating fluids, coatings and / or
impregnation lacquers are often used [36, 37]. In view of these considerations, the paper purpose is to determine the
flammable gases formed in a mineral electroinsulating fluid as compared to a vegetal oil that is in contact with three
different types of electroinsulating lacquers used.

Experimental part

In 0.5 L Erlenmeyer flasks with ground glass joint and glass stopper were introduced about 400 mL oil in which
silicone steel sheets (strips of 15 x 100 mm, # 0.2 mm - total surface 60 cm?) was immersed blank or covered by
immersion with investigated lacquers (~ about 0.03 mm). After the excess lacquer has drained, silicon steel sheets
have been exposed to a thermal treatment for 3 hours at 160 + 5 °C for lacquer film polymerization. The Erlenmeyer
flasks with the prepared samples were exposed to thermal treatment at 110 = 5 °C in a France Etuve 980 XL type
thermostatic oven.

Initially and periodically from 7 to 7 days of heat treatment, oil samples were taken in order to determine the gas
content with a chromatograph gas manufactured by Perkin EImer 600 CLARUS (US).

The measurements were performed for both electroinsulating fluid based on MOL mineral oil (usually used in
transformers) of origin [43] and Voil (vegetal oil) used for electrical applications [44]. The investigated lacquers are
shown in Table 1.

Table 1
TYPES OF INVESTIGATED LACQUERS [36, 37]
Sample Cod Type of lacquer Structure Solvent
L - 528 528 EZ [45] monoc_omponent alkyl-epoxy-|Thinner 528 EZ - a mixture of aromatic
melamine hydrocarbons and alcohols

L-G ROPOXID 501 [46] |bicomponent - epoxy Acetone
L-S SIGMADUR™ bicomponent - polyurethane Thinner 21-06 a mixture of aromatic

CLEARCOAT [47] hydrocarbons and alcohols

Results and discussion

The gas formation evolution during thermal treatment applied at 110 = 50 °C in the MOL mineral electroinsulating
fluid in contact with a silicon steel sheet is shown in Figure 2.

Comparative, Figure 3 shows the evolution of gas formation in the Voil (vegetal oil) exposed to the same
treatment.
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Fig. 2. Formation of flammable gases in MOL (mineral oil)

MATERIALE PLASTICE ¢ 56 no. 4 ¢ 2019 952 http://www.revmaterialeplastice.ro



12

10 Gas formation in Voil+OL
B —— H2
38 —-0— C2H4
= —— C2H6 /
56 ——CH4
= —e— Total flammable gas
Q4
(&)
3, / /D/»/CP
O //-/

O L T T T !
0 200 400 600 800 1000
Exposure time [ hours]

Fig. 3. Formation of flammable gases in Voil (vegetal oil)

By comparing Figures 2 and 3 one can observe that during the thermal treatment applied (110 + 50 °C) and in
contact with the silicon steel sheet, immersed in the types of oils investigated, after the aliphatic chain breaks, CzHa,
CHs and Hz are formed before other flammable gases.

It is also noted that, the total amount of gases formed in Voil (vegetable oil) is about 7.5 times less than in the
mineral oil MOL (mineral oil), which is in accordance with [15, 17, 22, 38] and indicates a higher thermochemical
stability of Voil (vegetal oil) [39-42].

Figure 4 shows the evolution of flammable gas volumes (in L / kg of oil) in the MOL and Voil oils at 110 £ 50 °C,
with silicon steel sheet coated with three different types of lacquer: L-G epoxide, L-528 alkyl-epoxy-melamine
copolymer and L-S polyurethane.
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Fig. 4. Comparative evolutions of flammable gases in the MOL
and Voil in contact at 110 + 5 °C, with silicon steel sheet (OL)
uncovered and covered with investigated lacquers
(OL/L-G, OL/ L-528 or OL/L-S)

Analyzing Figure 4 is noted that the total volume of flammable gases formed during the 1000 hours of thermal
treatment applied at 110 £ 5 °C in MOL is about 2 times higher than in the case of Voil. It is also noted that coating
with lacquer a silicon steel sheet does not change the mechanisms of gas formation in oils, which shows that the gas
formation is the result of successive processes that are produced by free radicals whose formation is not influenced by
silicon steel sheet.

In this context, by comparing the trend of flammable gas formation in MOL and Voil, it is observed that the process
at 110 £ 5 °C in MOL evolves linearly in the first 700 hours of thermal treatment followed by an acceleration of the
process.

When Voil, was used the gases formation required a starting time of about 550 hours, showing that in this case the
activation energy associated with the free radical formation process is substantially higher than in the case of MOL
use.

MATERIALE PLASTICE ¢ 56 no. 4 ¢ 2019 953 http://www.revmaterialeplastice.ro



The fact that, in both case of using MOL and Voil the formed gases volume decreases due to the silicon steel sheet
coating with the investigated lacquers (the decrease being influenced by the lake type) shows that, during the thermal
treatment applied, the lacquers consume the reactant (e.g. the dissolved oxygen) which influences the kinetics of gas
formation in oil. A similar finding was reported in [8-11] for paints used for the inner protection of transformer tanks.

Figures 5 and 6 shows the dissolved oxygen content evolution of the investigated oils
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Fig. 5. Oxygen content evolution of MOL during thermal treatment applied
in contact with silicon steel sheet (OL) uncovered and covered with investigated
lacquers (OL/L-G, OL/L-528 or OL/ L-S)
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Fig. 6. Oxygen content evolution of Voil during thermal treatment in contact
with silicon steel sheet (OL) uncovered and covered with investigated
lacquers (OL/L-G, OL/L-528 or OL/ L-S)

By comparative analysis of the Figures 5 and 6, one can conclude that the solubility of atmospheric oxygen in
MOL (mineral oil) is about 6 times higher than in Voil.

It is also noted that during the thermal treatment applied, the oxygen content in the investigated oils decreases. This
fact can be due to oxygenation reactions of the oils and / or lacquers investigated.

Oxygen content in the oil is influenced by the presence and type of the lacquer in system, which during the thermal
treatment applied to the lacquers undergoes thermal oxidation processes. Thus, there is a reduction in the
thermooxidative stress on the oil (antioxidant effect) and in the oil oxygen content.

In order to assess the antioxidant effect of investigated lacquers the evolution during the thermal treatment applied
of the CO, and CO content in the MOL and the Voil was determined and compared. The results are shown in Figures 7
and 8.
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Fig.7. Evolution during the thermal treatment applied of the CO2
content in the investigated oil samples
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Analysing Figure 7 is noted that the initial CO; content in the investigated oils is equal to 15 ppm in the MOL and
12 ppm in the Voil. It can be observed that the CO, formation in MOL shows a continuous increases trend without
kinetic limitation, which can be explained by the relative high content of oxygen (over 3000 ppm after 2000 hours of
thermal treatment — Figure 5).

Comparing Figures 5 and 7 one can affirm that the CO. formation in the presence of lacquers investigated is
directly related to the MOL oxygen content, which decreases monotonous either by the CO; (Figure 7) and CO
formation (Figure 8), or through the investigated lacquers oxidation processes.

In Figure 7 it is observed that the forming process of CO- in the Voil during the thermal treatment applied, requires
a start period of about 400 hours after which up to about 700 hours there is an exponential acceleration, and over 700
hours there is a kinetic limitation of the process, which is probably explained by the decrease in oxygen content to less
than 1000 ppm (Figure 6).
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Fig. 8. Evolution during the thermal treatment applied to the
CO content of the investigated oil samples

Analysing Figure 8 one can see that the CO formation in MOL is much more pronounced than in the Voil
(after1000 hours of thermal treatment, almost 10 times higher) showing a higher thermochemical stability of the Voil.

Conclusions

The thermochemical stability of a MOL mineral insulating fluid was studied by the chromatography gas technique.
It was compared to an electroinsulation fluid based on natural esters, Voil (vegetal oil) exposed to a thermal treatment
(110 = 5 °C) extended (1000 hours) in contact with a transformer core plate (silicon steel sheet) both blank and
immersed (about 30 um) in three different types of lacquers (L-G epoxide, L-528 alkyl epoxy-melamine copolymer
and L-S polyurethane).

Experimental dates have shown the following:

» during the thermal treatment applied and in contact with the silicon steel sheet immersed in the investigated
oils, the follwing main products are formed: C,H4, CH4 and Ha.

»  The total amount of flammable gases formed in Voil is about 7.5 times smaller than in mineral oil MOL;

» the coating with lacquer of the silicone steel sheet does not change the gas formation processes mechanism in
the investigated oils;

» the flammable gas formation process in MOL is linearly in the first 700 hours of the thermal treatment
followed by an acceleration of the process, while in the case of Voil, use the gases formation requires a start time of
about 550 hours;

» the oxygen content of the investigated oils decreases monotonous during the thermal treatment applied due to
either the CO, and CO formation and the oxidation processes of the investigated lacquers;
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