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Oil as an insulating material
Electrical aquipment design is guided by requirements for adequate insulating systems eonsisting of selid and liquid
materials, The liquid portion of an insulating system plays a vital role and must be able to withstand the calculated and§=

designed electrical stresses,
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Oil functions and general requiremants on oil

The ail in a transformer has several main functicns:
-Cocling

-Electrical insulation

<Informaton carrier

Besldes those there s several secondary function /
properties expected from a transformer oil such as
compatibilicy with other equipment, materials, ageing
stability, lack of interference analysis and so an.
Furthermore the oil should fulfill all requirements of health,
safety and environmental legislation's,
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Oil as a cooling medium

Magnetic and electrical fields create losses in a translormer that we categorize as "no load losses” and
"load |osses'. The energy of these losses is converted in the steel sheet core, the copper windings and
other conductors and parts to so called "heating losses" that leads to an increase of temperature in a
transformer. If the transfarmer is not cooled down, the heat wauld guickly lead to overheating of the equipment.

il as an infermation carrier

Transformer oil in a transformer not only serves as a
cooling and insulating liquid, but also as a solvent that
reacts ta all normal and abnormal transformer operacing
conditions, much the same as bloed in a living organism.
Togather with the transfermer, the oil ages and produces
its evvn auidation products. Moreaver, tha oil will dissalve
some materials through norrmal ageing of the transformer's
solid insulation materizls. Among the degradation products
are particles, furanic compounds, water and acids.
The cil indicares abncimial transformer condition if it dissolves
abnormal quantities of particles,

furanic compounds, water and

aciels, The oil is degraded by bath

narhial and abnormal operation

mostly related to higher 1 |
ermpeeraturss et break down ol
malecules producing so called
"dissolved gases'. The production
rate and distribution of these sases
can be analyzed to provide an
indication of the transformer’s
condiLior,
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Cp below 50% 8% 245 Cp | naphthenic et %
Cp50%-56%  +i-3F% .. Cp | intermediate o laugis e,
Cp 56% ard above  &FF § 2w Cp | paraffinic ol Bl g,

~ Basic lehnl'rﬂll:tf of transformer oil

‘mer oil consists of mainly carbon and hydrogen in molecules with different swructures.

' indicate the basic structure of a mineral transformer oil are P N and A. |
Ffor paxafhrﬁa structure, This group of molecules can either be straight or branched. The straight type Normal alianes (N alkanes)
are known as waxes. N indicates naphtanic structure: Molecules of this group are known as cycloalkanes.

Finally A indicates aromatic structure. All of transformer oils contain aromatics.

Variation of Hy:b'l:rca}'han'typa mmpt@shbw in transformer oifs ‘dﬂp-endz on the feadstocl, the procassing type and degrae. Tha oil
nm.x&m:mrcan choose ta use more or less refined s:ﬁls for the intended use.The raw n'mériﬂl used for the production of insulating
ol is mainly from nnphh&[mnrpamﬁi‘nfﬂ bases.
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~_Transformer oil properties and their significance

Viscosity:
18 wiscosity of ol s important for cooling of the ransformer: the lower the
the better the cooling. It is never an advantage to use high viscosiny olls,
ie higher the viscosity the worse the cooling properties.
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Flash point

The flashpoint of an oil is specilied for safety reasons, [EC 60196 specifies the P
clo:sed cup method. In ASTM D 3487 the COC [Cleveland Open
ives a 5 - |0°C higher flashpoint value. The flashpoint depends
f the oil and is extremely sensitive to contaminants from lighter
oils such as gas oil or petrol. Even though both meathods vield relatively poor

reproducibility, the closed cup method is preferred bacause it provides better
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Density

In cold climates it is important to avoid the occurrence of ice floating in the oil at
lowy termperatures and to be able to calculate the total weight of a transformer,
This can accur when there is free water present in non-energized transformers,
which can cause failure during start up.
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In |IEC 80296, this raquirerment is based en a methad
where a silver strip is immersed in the oil at 100°C for
18 hours. lts sensitivity is good versus corrosive sulphur
campounds in the ol and ensures that no corresicn will
take place on sensitive metal parts In electrical equipment.
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Oxidation stability

There are twa types of cils at the market, inhibited and uninhibiced. aﬁ;::ualhﬂ.all ailsare inhibivad - the inhibited

ones with synthetic compounds. dominantly hindered phenol (DBPS and DBP) added (radical destroying) and

the uninhibited with natural inhibitors {mainly peroxide destroying). The majority of all cils used in the world

today are inhibited with phanelic inhibitors at differant lavels, '
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Water content

The wealer solubility in the ofl depends on the teinperature and
the amount of polar {aromatic melecules in the oil. This arnount
depends an the refining processes and to what degroe they are
applied to the sil. Qils wicth high water content may foam
excessively when they are treated in degﬁstmfg ‘equipment. This
is due to the evaporation of water. However real, stable foams
can be found in contaminated systems, for example oils
comaminated with particles or other liquids |ncﬂmpa‘tlb-lmn.ri‘thﬂ1&f°£ﬁl* B g. silican ails. Ase peneral rule, clean
liguid do not foeam.
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sadnimre Electrical breakdown (AC)
21 The property is very complex and the measured value depends on the particle content, type of particles, water
content and the test method used. The cemmoen methods for measurement of AC breakdown voltage are |[EC
1 60156 and ASTM D 1816, With these methods the electirodes are spherically or hemispherically placed at a
distance of 2 - 2.5 mm and the voltage is increased by 2 KVYs untll breakdewn oceurs. The result is statad as
an average of six tests, due to the low repeatability of sach test.
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ctric dissipation factor (DDF / tan delta)

This s 2 pararmeter that will always be found in the transformer
 oil specification. The tan delta depends on the amount of ionisable
and polar molecules in the oil, which will make a small
contribution to the temperature rise of the oil in service. Yveall
- refined oil always gives a low value for this parameter, but it is very sensitive to contaminants during handling,
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Interfacial tension

The interfacial tersion test measures the strength of the interface between ail

_and water. The interfacial tension depends on the polar groups in the oil, while
tan delta (90°C, 50 Hz) tells more about the cantent of ionisable contaminants.
Mewr cils should have a value of at least 40 mMN/m.

MMI
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Acidity

In new well- refined transtormear sil, the acidity valie must be expacted ta be less than 0,01 mg KOH [ g ail,
If a higher value is obtained in new oil this may affect metal parts in the equipment and indicates that poor
ageing can be cxpocted.
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Table 2: Specification of Transformer Oil " Niroo-T-60296 Table 3: Specification of Transformer Oil "Niroo-T296-01"

Property

Test method

Limits

Results fok OUF
product

| - Function

Yiscosity at 40°C

153 3104

Max. 12 mm¥'s

HL2mmEls

Yiscosity at-30"C

ISO 3104

Max. 1800 mmi/s

1240 mind | 5

Pour point’

150 30 &

Max, — 40°C

41°C

Water content

|[EC 60814

Max. 30 mg [ kg for bulke
Max. 40 mg | kg for drum

26mg kg
32mng [ kg

Breakdown voltage

IEC 60156

Min. 30/ 70 KY

32/T76 KV

Diensity at 20°C

ISO 3675 or ISC 12185

Max. 0.895 g/ ml

0861 g/ mi

DDF at 90°C

|EC 60247 or IEC 61620

Max. 0.005

0.001

2- Refining / stability

Appearance

Clear, free from sediment
and suspended matter

OK

Acidity

|EC 6202 -1

Mazx. 001 mg KOH [ g

Interfacial tension

ISO 6295

Mo general requirement

49

Total sulfur content

BS 2000 part 373 or
SO 14596

Ne general requirement

Corrosive sulfur

DIM5 1353

Mot corrosive

Not corrosive

Antioxidant additive
Furfural cantent

IECé0666
IEC&I 198

{U) Uninhibited oil: not
detectable

Max. 0,1 mg/ Kg

Mot detectable

Mot detectable

Orxiclation stability

IEC 61125 (methed ¢)
Test duration:
(LN Uninhibited oil 1164 h

Total acidity

Max. |L.2mg KOH /g

008 mgKOH (g

Sludge

Max. 0. B %6

0.1%

DDF at 90°C

IEC 60247

Max. 0.500

0.l

Gassing

|EC &0628

No general requirement

4- Health, safety and environmeant {HSE)}

Flash paint

1SQ 2719

Min. 135°C

139°C

PCA content

BS 2000 part 346

Max, 3 %0

1 %8

PCB content

EC &l&19

Mot detectable

Mot detectable
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Froperty

Test method

Results for our
preduct

Kinermatics Viscosity @ 40°%

150 3104

15.3 c5t

Flash Ponit

150 2719

=130%

| 44°c

Pour point

130 3016

=-45%

-32%

Appearance
J

IEC 295

Clear, free from sediment
and Suspended matter

QK

] nsity (&0 20%¢

150 3675

=0.895 Kg/dm®

0.85 Kg/dm’

Meurralisation Value

DM 51558

=0.03 mg KOH/gr

0.01 mg KOH/er

‘ iorrosiva Sulphur

150 56632

Man-Crassive

MNan-crassive

Anti-Cridant Addetives

IEC 666

Mot-Detectable

Mot-Detectable

Break down Voltage {lov)

IEC |56

=30 KV befora Treatment
=50 KV after treatment

65kv
befor treatment

Dissipation lactor (@ 90°%

IEC 274

<=0.005

0.0005

Aftar Owidant Stabilicy Test
(164 hf 100°¢)

|EC 1125

MNeurralisation Yalue

[EC 1125

204 (mg KOH/gr)

Sludge

[EC 1125

=0, 19 by mass
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Table 4: Specification of Transformer Oil "Niroo-T-296-02"

Property Test method

Kinematic Viscosity @2 40 1S 3104 < || cSt
Flazh Ponit ISC 2719 =30%

Pour paint 150 3016

Clear, free from sediment and
Appearance 150 296 Suspended marcer

Density @ 207 I50 3675 <0.895 Kg/dm®

Meutralization Walue 150 51558 =0.03 mg KOH/gr

Corrosive Sulphur ISC) 5A62 Mon-Crossve

Cridant-Anti additives IS0 666 MNot-Datectable

=30 KV befora treatrment

e L 150 156 =50 KV after treatment

Dissipation factor (@ 90% 150 274

Results for our
product

|0.7 €5t

ak

0.855 Kg/dm-

0.01 mg KOH/gr

Meon-crossive

Mot-Detectable

65k after treatment

Density at 200

Viscosity at 40°c

Pour point

Flash paint

Cdor

Density at 20°c

Yiscosity at 40°

Pour point

Flash point

Odor

150 3675

150 3104

150 3016

ASTHM D22

150 3675

ISC 3104

150 3016

ASTM D22

Range
<0835 l{g.l'dm3

Mir. &, Max, 10 cet
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Table 7: Specification of solvent "Niroo-s-01"

Property Test method Limits Ouxidation Stability {1 64h/100%) IEC 1125
Censity @ 15°C 150 3675 Report ( kg / dm?)
Color saybolt ASTM D156 Min. 25 Property Range of Control Test Method
Sulphur Total ASTHM D266 M, 0.0 wt %6
i ASTM DI3I9 Min. 30 vol % Meutralizadon Value | =04 mg KOH/gr [IEC 1125 0.2mg KOH/er
Distillation Range ASTH [-Bs

Sludge =0, 195 by mass [EC 1125 Q.06 by mass

I.B.P Min. 45°C
50% approx. 80°C
0% approx. 120°C
Dry point Max. [50°C

Table B: Specification of solvent "Niroo-s-02" + .r""—"*'
Property Test method Limits
Density (@ 15°C B0 3675 Min 0775 | kg / dm7) ¥
Calor saybalt ASTH DISA Mim, 25 i
Flash point ASTM D56 Min. 38
Sulphur Tatal  ASTM DI266 | Max 0.l it % : ;
Aromatic conternt ASTHM D131 Min 50 vol 56 ]
Distillation Range ASTM D-86
|.B.P | 5B | 42°C
0% Min | 5B*C
. 50% Max 179°C
|
L 90% Max 194°C
| Dy point Max 198"C
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Bricf Description of Insulating Oil production process

The rrain raw material for Insulating Oil preduction is Base oil. Depending on the Base ol specifications, various operations
might be required for production of insulating il;

-Distillation: The most suitable cut for use in insulating oil formulation is derived through distillation process.
-Furification: Distilled oil is purified using sobeents in different manners.Sobvent selection is dependent on the impurities, which
are present in the distilled oil. These impurities lower the physical and chemical properties of the oil.
-Dewaxing: after the purification process, dewaxing process could be used for enhancing the physical properties including
pour paint. Proper solvents are used for the separation of waxes, which are

present in the oil.

Laboratory

Inzulation oil product shall meet all the requirements
of IEC standard {rable 2. All of the required tests are
carried out in Tajhiz Mireye Zangan lab in accordance
with international taest procedures. The lab equipments
are calibraved regularly,
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Packing and shipment + ceipt g
Our preduct is deliverable basad on customer requirement as per fallowing altarnatives:
- Standard barrels (Epoxy coated for insulating oil)
- Tank trucks
- Flexy bags

We look forward to serving the purchasers,
nationwide and beyond, constantly through
or dedication to quality, firm belief in
advancement and our solemn pledge to
manufacture the state-of-the art products.
Thus

we always endeavor to stay ahead and
explore the best.
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