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TRANSFORMER MAIN COMPONENTS

Sollicl Insuletion

* Life of transformer is highly effected by the life of insulation

* Insulation represents the weakest point in the transformer

* It is critical to maintain the insulation system in any transformer
* Damage to insulating paper is irreversible
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* Heat: Chemical reaction proceed faster at higher temperatures
Each 8 °C rise above design will cut the life of the paper in half

* Oxygen: The more oxygen, the faster the reaction of oil
10 times the life at same temperature if oxygen is < 300 ppm

*  Water: Doubling moisture content will cut transformer life by half
Moisture content in insulation paper is hundreds of times that of the oil

* Oil oxidation by-products: Acids, Alcohols, Aldehydes, Epoxides,
Kentones, Peroxides and Soaps

Insulation paper has an affinity for acids, peroxides and other oxidation
products
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REQUIREMENTS OF INSULATING OILS
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The three main functional requirements of Insulating oils are:

* 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.

* 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.

* 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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* Water is frequently found at the bottom of transformer tanks but is relatively
harmless at this point. Water is found in suspension in the oil (emulsified) but
is usually only a problem when polar contaminants are dissolved in the oil that
the water can cling to.

* Water is also found dissolved in the oil and this water will migrate into the
cellulose depending on the temperature (and temperature depends on load).
Migration of water between the oil and the cellulosic paper will eventually
reach equilibrium.

* At equilibrium the moisture concentration in the paper will be hundreds of
times greater than in the oil. Moisture content in the oil can be measured by
laboratory test but does not by itself establish insulation dryness. However, 50
parts per million (ppm) of water from a top oil

Moisture in the Oil
Sample is critical as it indicates the paper insulation is wet.
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SLUDGE FORMATION IN OIL

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.

\,
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Interfacial Tension Dynelcm

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 precipitates out of the oil where it attacks solid
insulation and can reduce effective cooling. The sludge builds up ® el s g s
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 The probability of sludge

energized transformer. This oxygen may come from outside air, ~ 2ccumulation increases if the
oil shows an increase in

but also comes from the breakdown of the Kraft paper neutralization (acid) number, a

insulation. drop in interfacial tension, and

a deepening of oil colour g
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Both oil change and Re-generation has been performed on two
identical transformer.

* Oil change:- The acidity increases rapidly after oil change. As
early as few months the acidity level could reach nearly same as
before the oil change. This increase is caused by contamination
from the residual oil/sludge left in the tank, core and in the
winding insulation, which contaminates the new oil faster.

* QOil 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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OIL CHANGING
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* Transformer insulation paper
has high content of moisture
and other contaminates that
will not be removed by
changing oil

* Sludge and contaminates are
still available in the transformer

* Oxygen and gases trapped in
transformer will not be
removed by changing the oil

* Sludge/Colour are the first
visible sign that oil needs to be
regenerated.

Insuleting
Sludge -
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OIL WILL NOT SOLVE THE PROBLEM
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Regeneration of transformer oil

is energy efficient, Ol Sludige willl form aft
environmentally friendly and the lower section of the
electrical transformer

less expensive than refilling an
older transformer with new oil.
Further, it must be appreciated
that simply replacing poor
quality oil with new or
reclaimed oil is not the answer,
as the oil will in turn, rapidly
deteriorate due to re-
contamination by internal
components of the transformer.
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Ol Regeneration
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Transformer
Regeneration of Oil is a oifl System
process which #" - — T

eliminates, by chemical
and adsorbent means,
the acidic and colloidal
contaminants and
products of oil
deterioration from the
oil, to obtain an oil with o o
many characteristics

similar to those of a s e 1

new product

oil
Regeneration
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OIL REGENERATION ADVANTAGES
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* Interfacial Tension Improvement by

Removing Oxidation Products P
* Colour Improvement and Restoration = 4
* Acid Removal and Improve Neutralization .

Number %%
¢ Sludge Removal .
* Depolarization by Removing Corrosive \

Sulfur and DBDS Products @)
* Dehydration by Water Removal Through

High Vacuum Process to improve R ¢

Dielectric Breakdown Voltage / .
* Gas Removal i )
* Filtration by Particulate Matter Removal ~
* Qil Passivation to Prevent Copper Sulfide J

Formation in Transformer Winding .

14
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* No transformer service interruptions

* Saves resources

* Additional removal of moisture

Great and stable long-term cleaning effect
Optional desludging possible

Regeneration process provides a clear improvement in ageing stability when compared to oil
changing option. During oil change, up to 15% of the old oil and almost all embedded and
deposited ageing residue products remain in the transformer and cause the rapid onset of
ageing of the new oil filling; meanwhile oil regeneration process will treat the electrical
transformer and oil at the same time. Qil regeneration is recommended for high-aged
transformers that must continue to operate. The condition of the solid insulation is preserved
in this way, counteracting progressive ageing.
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® e s WHEN SHOULD
REGENERATION TAKE PLACE?

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 far

Limits for oil to be Re-generated

For Group | Oil Maximum 0.1 mg KOH/g Qil
For Group Il Oil Maximum 0.2 mg KOH/g Qil
For Group Il Oil Maximum 0.5 mg KOH/g Qil

16
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CLASS 7 OILS

Fatty Acids coatthe | Inalmost 100% of | Deposi
‘windings. Sludges | the transformers in

inial i
Sludges in coreand cols
insultion voids

bighlyprobable, | Gt e et
arcas.

gfmeu -318

4. Bad Oils
NN 0.16 - 0.40
IFT 18.0-23.9
 (Amben)
— ~ M.N.45-159
5. Very Bad Oils
NN 0.41-065

00510010 01110015 01610040

IFT 14.0-17.9
(Brown)
I 224

6. Extremely Bad Oils

Transformer oil colour and classification chart

* New Oil is Visually Clear in colour P S0 ise .
* Cloudiness, turbidity, visible sludge, carbon and L.Nou.mﬂ?:’.,mo:,mcﬁi.f.';f'“
free water could have effect on oil colour I k)
* Acceptable oil will be clear and bright, free Ol condlition
from and visible contamination @n ASTM D 1500 @@"@1&2“’
testing -

Q‘mm
OIL COLOUR RESTORATION

www filtervac.com

End of Oil Start of Oil

Regeneration Regeneration
Process Process o
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* Recommended when there is a lack in preventive
transformer maintenance.

* It avoids formation of oil sludge in the transformer.

* The regenerated insulating oil possesses excellent sludge-
dissolving properties at sufficiently high temperature
process of transformer oil aniline point. This avoids rapid
failure of the transformer insulating system and improves
cooling effect in the oil during high load condition. Sludged
oil has poor cooling effect.

* In the course of an optional de sludging mode within the oil
regeneration process, oil sludge that has already been
deposited in the transformer core & winding can be
dissolved and removed by Regeneration process.

.\ FILTERVAC INTERNATIONAL INC.

CORROSIVE SULPHUR

a

» “Elemental sulphur and thermally unstable sulphur compounds
in electrical insulating oil that can cause corrosion of certain
transformer metals such as copper and silver” ASTM D2864

» Not formed in transformer’s normal operational conditions
< Known sources of contamination: poorly refined crude oil,

addition of chemical compounds

< Other Suspected sources: gaskets, water-based glues, copper
and Kraft paper

20
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SULPHUR CONIPOUNDS
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« Multiple Sources = Multiple Compounds
- Thiophens, Disulphides, Thio-ethers, Mercaptans, Sulphur

Increasing order of corrosion

- Dibenzyl-disulphide (DBDS) was identified experimentally
to be primary compound in corrosive sulphur related

faults
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ITIGATING TECHNIQUES

- Oil Replacement

<+ 5-15% of contaminated oil remains after retro filling
<+ Quantity of oil absorption materials, shape of the transformer tank, the
location of the drainage valve

=

- 0Oil Depolarisation/Regeneration
Combination of solid reagents, chemicals & sorbents to reduce sulphur in oil
Reduces DBDS content to 10 mg/kg (10 ppm)

Transformer can be processed on or off-load
Also removes Acidity, sludge, additives, metal passivator and water content

R
g
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*

X3

*
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- Oil Passivation

< Metal passivators bind to copper surfaces and create an impermeable boundary
between the bulk of the metal and the surrounding insulating cellulose and oil.

< Metal passivators can only prevent corrosion on copper, but not recover
corroded copper, nor recover paper contaminated with copper sulphide

< Metal Passivator is likely to be consumed with time, therefore monitoring

should be applied every 6 months. .

=
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e Passivation is a technical term used to define the
formation of non-permeable surface layers on metal

e Triazole-based passivators
< 1,2,3-benzotriazole (BTA)
“ Irgamet 39™ (CIBA Speciality, Basel, Switzerland)

* Previous use of passivators:

«» Japan for reducing streaming charging tendency, Australia for improved
oxidation inhibition
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EFFECTS OF PASSIVATION

e Short-term
< Suppress Copper Sulphide
< The increase of H,, CO and CO, concentration is occurs in the first
seven days after passivating the insulation oil.
¢ Long-term
<+ Long term effects are unknown , the passivation is depleted and
oil returns to its corrosive level
<+ Because of the amount of hydrogen that is produced possible
misinterpretation of the results can occur (partial discharge,
electrolysis, effects of passivator, core lamination heating, etc.)
< The production of gasses from the passivator suggest that there
is some degradation of the passivator that is occurring Metal
passivators

24
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REGENERATION SYSTEM FEATUERS
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LY @ptfien
Operaiicn en
Transitormer

* Online transformer oil regeneration

* Fully automated operation with remote
accessibility

* Can be provided for stationary or mobile
applications

* Over 40 systems in operation world wide

* Proven technology through long track
record

* Fuller earth can be reactivated up to 300
times

* Short reactivation time (10 to 12 hours)
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T8est Parameter | ASTM Test Before After
Regeneration | Regeneration
(Dirty Oil) (Cleaned Oil)
Colour D-1500 8.5 0.5 Max. 2.0
2 Corrosive Sulphur ASTM 1a-3b Corrosive Non-Corrosive
1275B
3 Breakdown ASTM D KV 15 40 -60 Min. 30
Voltage (2mm 1816
Gap)
4 Gas content D-3612 % 15 0.1
5 Interfacial D-971 Dynes/cm 10 40 -50 Min. 30
Tension
6 Neutralization D-974e mg KOH/g 0.8 0.01 Max. 0.05
Number
7 Water Content D-1533 ppm 100 >10 Max. 20
27
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srme SAMPLE OF FILTERVAG
ECOIL SYSTEM CUSTOMERS

SAUDI ELECTRIC CORPORATION (over 15 systems)
ABB (3 systems)

ALBA (ALUMINIUM BAHRAIN)

JST TRANFORMATEURS S.A. (LYON, FRANCE)

BC HYDRO (BC, CANADA)

ITOIL - BRAZIL

LAWRENCE LIVERMORE TESTING (UNIVERSITY OF CALIFORNIA) USA
LINEMANS TESTING LABAROTARY (TORONTO, CANADA)

ALTALINK (CALGARY, ALBERTA, CANADA)
* ADMINISTRACION NACIONAL DE USINAS Y (URAGUAY)
GLOBAL TESTING (AUSTRALIA) >
CHRIS-EJIK GROUP, ( NIGERIA)
ORIENT OIL (PAKISTAN)

ROUCH POWER LIMITED (PAKISTAN)
* MODEL (COLUMBIA)
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New power transformers services
* Vacuum oil filling of transformers at the time
of installation
e Continuous moisture content analysis (PPM)

Maintenance of transformer including
* Oil degasification, dehydration / de-sludge (Online and Offline)
* QOil regeneration (Online and Offline)

e Oil depolarization services (physical process to reduce oil corrosive and DBDS level in electrical
transformers)

e Oil passivation services (for transformers containing corrosive oil by adding Irgamet 39 or Nypass
0.10% to prevent further formation of copper sulfide in the transformer winding)

* Gasket leaks
* Tap changer inspection services
* Oil sampling

* Troubleshooting and problem analysis .

: ENVIRO ELEET
%, o
R/AN RVA

Model Number System Description
Combined Oil Regeneration with Vacuum
Degasification System and Additive Injection System

1 RS-M-5000-14- Mobile (Semi Trailer) System- 14 Fuller’s Earth
383-LM-EC-CR1-  Columns,

T-W1-Al System Capacity: 1,200 USGPH (5,000 LPH)
Year Built: 2003
2 RS-S-6000/3000-  Stationary 20ft Containerized System - 6 Fuller’s Earth
6-383-LM-EC- Columns
CR1-20-W1-Al- System Capacity: 6,000LPH
DGA Year Built: 2005

3 RS-M-5000-14- Mobile (Semi Trailer) System — 14 Fuller’s Earth
383-LM-EC-CR1-  Columns,

T-W1-Al System Capacity: 5,000 LPH
Year Built: 2006
4 RS-M-383-5000-  Mobile (Semi Trailer) System 16 Column Regeneration
16/2-EH-LM- System (8 columns x 2)
CR1-T-W1-Al System Capacity: 5,000 LPH
Year Built: 2012 30
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HIGH VACUUM OIL PURIFIGATION/DRY OUT SYSTEMS

m Model Number System Description

1 VPH-MCT/2-383-2400-PF-B- Mobile (Semi Trailer) System for oil purification transformer evacuation
RPVP-MMI/1-V2-H2-FM-LM-  System Capacity: 2400 GPH
XCR1-XV Year Built: 2012
2 VPH-MCT/2-383-2400-PF-B- Mobile (Semi Trailer) System for oil purification transformer evacuation
RPVP-XDVP/B-MMI/1-V2-H2- with double vacuum packages for large transformer evacuation
FM-LM-AI-XCR1-X1/ME System Capacity: 2400 GPH
Year Built: 2013

Sl
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CONCLUSION
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Oil Regeneration

Improves the quality of insulating oil close to new oil quality
Improves the oil dehydration over new oils

Cost efficient and cheaper than changing with new oil

Prolongs the lifetime and increased reliability of old transformers
Preventive action against the progressive insulation ageing process
Sustainable improvement in the condition of the paper insulation
Suitable for all Power & Distribution Transformers

Economically independent of the current price of new oil

. No service interruptions

10. Great and long-lasting cleaning effect

CHNDU R WNE
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