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Prof. Dr. Hossein Borsie studied and received his PhD in elec-
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The transformer factory „Reza Trans factory“ was founded in 
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high-voltage measurement technique, solid and liquid insulation, monitoring and diagnosis of vari-
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Requirements of insulating oils

1. To meet the Insulation function, the oil must have high dielectric 
strength and low dielectric dissipation factor to withstand the electric 
stresses imposed in service.

2. To meet the Heat transfer and Cooling functions, the oil must 
have viscosity and pour point that are sufficiently low to ensure that 
oil circulation is not impaired at the most extreme low temperature 
conditions for the equipment.

3. To meet the Arc quenching function, the oil requires a 
combination of high dielectric strength, low viscosity and high flash 
point to provide sufficient insulation and cooling to ensure the 
arching is extinguished.
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Requirements of insulating oils

4. To have low viscosity to enable 
Optimum impregnation of the solid 
insulation in transformer

5. Measuring different parameters of the 
oil such as Gas in Oil analysis allows a 
Diagnostic of the condition of 
transformer

Institute of Electric Power Systems –
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Functions of an insulating liquid 

Insulation
Impregnation
Heat transfer (cooling)
Fire Extinguishing
Dielectric
Diagnostic
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Oxidation begins as soon as the oil is placed in the transformer. Deterioration 
results from the effects of oxidation. Contamination results from moisture or 
other foreign substances and starts after the transformer is energized. 

Unstable hydrocarbons plus oxygen, moisture, heat, vibration, and electrical 
stresses result finally in the terminal stage of oil degradation as an 
insulating medium, that is the formation of sludge. Sludge is the first visible 
sign that oil needs to be regenerated. 

Sludge precipitates out of the oil where it attacks solid insulation and can 
reduce effective cooling. The sludge builds up in layers whose hardness 
depends on how the unit has been operated and how long maintenance has 
been ignored. 

Sludge formation depends on the presence of oxygen in an energized 
transformer. This oxygen may come from outside air, but also comes from 
the breakdown of the Kraft paper insulation. 

The probability of sludge accumulation increases if the oil shows an increase in 
neutralization (acid) number, a drop in interfacial tension, and a deepening 
of color.

Sludge Formation in Oil 
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Ref: 
Oil condition 
based on ASTM 
D 1500 color 
testing 
comparisons 

0.5-1.0

1.0-2.5

2.5-4.0

4.0-5.5

5.5-7.0

7.0-8.5 >  8.5

Color no
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  Effects of Oil Re-generation and Oil Changing

Both oil change and Re-generation has been performed on two 
identical transformer. 

Oil change:- The acidity increases rapidly after oil change. After few 
years the acidity level is nearly same as before the oil change. This 
increase is caused by contamination from the residual oil left in the 
tank, core and in the winding insulation, which contaminates the new 
oil faster.

Oil Re-generation:- Considering the transformer from which the oil 
was re-generated, six years later the acidity level is approximately at 
the same low level. According to our world wide experience the acidity 
and other aging parameters, have acceptable values many years after 
oil re-generation process.  
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• When should reclaiming take place?
• When the oil shows unacceptable values for neutralization, interfacial tension and dissipation 

factor, then reclaiming should be considered. Since the ageing of cellulose insulation is an 
irreversible process, it is important to reclaim oil before the degradation has gone too far.

• The state of a transformer’s oil-cellulose insulation system is one of the key parameters 
influencing the transformer’s life expectancy and reliability

• The aging rate of insulating materials depends on parameters such as:
• - Original insulation material quality
• - Oil temperature
• - Moisture content
• - Acid content
• - Particle content
• - Sludge content
• Oxidation is the main reason for oil aging. The aging rate of oil is influenced by temperature, as 

well as metals like copper and iron. 
• Moisture, acids, particles and sludge are the oxidation products that cause the most concern. 
• Reclaiming of transformer oil is a measure to restore the oil’s properties to very near those of 

new oil. 
   But it is important to point out that reclaiming is not a drying process. If the transformer insulation is very wet, 

drying of the transformer should be considered in combination with reclaiming.

Oil regeneration  or Oil reclaiming

Institute of Electric Power Systems –
Schering Institute

10/xTransformer life expectancy by Oil Re-Gen & 
Oil change
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Whenever possible, re-Generate used transformer oil 
since it will be a better transformer fluid than new 
transformer oil.

At least 80 percent of the hydrocarbons of even 
heavily used oil can be reused after oxidation 
products are eliminated.

It will be necessary to add the oxygen inhibitor BHT 
(2,6-Ditertiary-Butyl-Para-Cresol (DBPC)) to re-
generated oil.

Re-generated Oil
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According to IEC, “it is a process 
which eliminates, by chemical 
and adsorbent means, the 
acidic and colloidal 
contaminants and products of 
oil deterioration from the oil, to 
obtain an oil with many 
characteristics similar to those 
of a new product”.

Degassing and filtering is not a re-
generation Process.

What is Oil Re-generation ?

Institute of Electric Power Systems –
Schering Institute

14/x

For removing acids, sludge and other degrading 
products from the oil.

  “aging rate of the oil is lowered. This will also 
have a beneficial effect on the aging of the 
paper”.

WHY OIL REGENERATION FOR 
TRANSFORMER? 
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When the oil shows unacceptable results 
for neutralization number, interfacial 
tension and dissipation factor then the 
regeneration should be considered.

Since the aging of insulation is an 
irreversible process, it is important to 
reclaim at the right time before the 
degradation has gone too much

When should Re-generation take place?  

Institute of Electric Power Systems –
Schering Institute
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Fuller’s Earth

•mineral substance, 
generally classified as a 
sedimentary clay,
characterized by the 
property of absorbing basic 
colors and removing them 
from oils.

•used chiefly in bleaching 
and clarifying petroleum and 
secondarily in refining oils.
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Fuller’s Earth

• dirty oil being cleaned by fuller’s earth
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• Fuller’s Earth is 
permanently  installed in 
regeneration plant

• Fuller’s Earth is 
reactivated without its 
removal from the plant.

• Waste disposal problems 
are eliminated.

• Loss of product is 
minimized

Institute of Electric Power Systems –
Schering Institute
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Transformer De-sludging
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Oil-regeneration System

Regeneration Part Drying and degassing 
Part

Institute of Electric Power Systems –
Schering Institute
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Colour of regenerated oil after different passes
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Example of re-generated oil in Golshahr plant

40.5
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Oil data before regenerationOil data after re-generation



16 S9Prof.Dr.Ing Hossein Borsi, University of Hannover

Transformer Life Extension - Part 2 
Regeneration of Transformeroil

Institute of Electric Power Systems –
Schering Institute

29/x

Online re-generation of a 132 kV, 30MVA Transformer
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Oil bevor re-generationOil after one pass
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Onste re-generation of a transformer in a 

Steel company
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Oil of the transformer in the steel company after 3 passes


