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ABSTRACT

The uses of the transformer are important for generation, distribution and
transmission of the electrical system network. High dielectric strength and cooling
performance of its insulating oil are properties that the transformer depends on in
order to maintain normal operation. Several factors affected the dielectric insulation
problem is moisture, acidity, pressure and suspended particle. 0.01% presence of
moisture in the transformer oil can decrease 20% of the breakdown voltage of the oil.
Thus, this project is focusing on reducing the moisture content in the mineral oil
which results in improvement of the breakdown voltage. Three techniques of
moisture reduction have been used which are Vacuum Oven (VO) technique,
Nitrogen Saturated (NS) technique, and Molecular Sieves (MS) technique. The
performance of breakdown voltage (BDV) and amount of moisture reduce are
measured to determine the most effective technique. Karl Fischer Coulometric (KFC)
complies with ASTM D1533 standard is used meanwhile for breakdown voltage
(BDV) Megger OTA60PB follows the standard ASTM D1816. The analysis of
experimental data shows among VO, NS, and MS techniques, the MS no filer
techniques has 82.33% reduction of moisture content but BDV has not been tested
due to MS particle will effect the BDV test. But, NS has 80.79% moisture reduction
which has increased the BDV of mineral oil with enhancement 150%. The low
moisture content value by the NS because theoretically when nitrogen gas saturated
in mineral oil, the nitrogen gas replaced the dissolved oxygen in the oil. The result is
an enhancement of the performance of the mineral oil. MS with a smaller pore size
(0.22um) has a better result than VO and (MS) bigger pore size (1um) because the
smaller pore size has filtered the moisture from re-dissolving with the good oil.
Overall, NS technique has proven the most effective technique throughout the

experiment and the best solution to reduce moisture from the mineral oil.
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ABSTRAK

Penggunaan pengubah adalah penting untuk penjanaan, pengedaran dan
penghantaran rangkaian sistem elektrik. Pengubah bergantung kepada kekuatan
dielektrik yang tinggi dan prestasi penyejukan minyak penebat untuk mengekalkan
operasi normal. Beberapa faktor yang mempengaruhi masalah penebat dielektrik
ialah kelembapan, keasidan, tekanan dan zarah yang digantung. Kehadiran
kelembapan 0.01% dalam minyak pengubah dapat mengurangkan 20% daripada
volum kerosakan minyak. Oleh itu, projek ini memberi tumpuan kepada
pengurangan kandungan kelembapan dalam minyak mineral yang menghasilkan
peningkatan voltan kerosakan. Tiga teknik pengurangan kelembapan telah digunakan
iaitu teknik Ketuhar Vakum (VO), teknik Nitrogen tepu (NS), dan teknik Molecular
Sieves (MS). Prestasi volum kerosakan (BDV) dan jumlah kelembapan yang rendah
diukur untuk menentukan teknik yang paling berkesan. Karl Fischer Coulometric
(KFC) mematuhi. piawaian ASTM D1533 digunakan sementara untuk voltan
kerosakan (BDV) Megger OTA60PB mengikut standard ASTM D1816. Analisis
data percubaan menunjukkan antara teknik VO, NS, dan MS, teknik MS tidak
mempunyai pengurangan 82.33% kandungan kelembapan tetapi BDV belum diuji
kerana MS =zarah akan mempengaruhi ujian BDV. Tetapi, NS mempunyai
pengurangan kelembapan 80.79% yang telah meningkatkan BDV minyak mineral
dengan peningkatan 150%. Nilai kandungan lembapan yang rendah oleh NS kerana
secara teorinya apabila gas nitrogen tepu dalam minyak mineral, gas nitrogen
menggantikan oksigen terlarut dalam minyak. Hasilnya adalah peningkatan prestasi
minyak mineral. MS dengan saiz liang yang lebih kecil (0.22pm) mempunyai hasil
yang lebih baik daripada saiz lubang VO dan (MS) yang lebih besar (1um) kerana
saiz liang yang lebih kecil telah menyaring kelembapan daripada larut semula dengan
minyak yang baik. Secara keseluruhan, teknik NS telah membuktikan teknik yang
paling berkesan sepanjang percubaan dan penyelesaian terbaik untuk mengurangkan

kelembapan dari minyak mineral
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CHAPTER 1

INTRODUCTION

1.1 Overview

This chapter describes the research background, motivation, problem
statement, objectives and scope research. In the research background of the project
will explain the purpose and significance of projects. While a short brief of issues
that need to avoid and solved is explained in the problem statement. In objective, the

goal of the project is been explained in the scope of research.

1.2 Research Background

Power transformers are valuable assets in electrical power network. The
performance of a power transformer mostly depends on its insulation system. Hence,
it is vital for the insulation system to have the ability to withstand all the various
service conditions. As it say the better the insulation condition, the longer the life

span of transformer.

Oil immersed transformer is the most widely used to date. The oil immersed
transformer is still based on mineral oil. Due to generalization and standardization,

the production of the transformer is a worldwide hit. Now the industry is going



toward plant-based insulating oil but technology and knowledge are still lacking. The

oil immersed transformer uses liquid insulation material as a heat transfer agent [1].

The lifespan of the insulating oil used in power transformer suffers from
thermal, electrical and environmental stresses during operation services.
Deteriorating and aging process of the insulation may be accelerated and can be a
direct potential threat to the equipment safety. Slow and irreversible changes in
material properties will result in a process called aging. Hence, oil become

decomposed and oxidized which result in transformer losses and reduce its reliability

[2].

The heat that comes from the transformer winding may cause acceleration of
the reaction between unstable hydrocarbon molecular oil and oxygen, by product
degradation cellulose paper and excess dielectric loss at high temperature [3]-[5].
Therefore, improving the mineral oil dielectric strength properties is important for

improving the lifespan of the transformer.

1.3 Motivation

Mineral oil is widely use insulating oil for transformers but there is still a
room for improving its performance or properties. This is due to the low cost, oil
oxidation stability, cooling performance and good dielectric strength. However, the
process of aging produces a by—product contributes to increment of moisture content.
The existences of this harmful moisture is a well know threat to all liquid insulation
that potentially decrease the breakdown voltage, increases paper degradation rate,
decrease inception voltage in partial discharge and increase risk of bubbling with
moisture content in paper. The dielectric strength and performance of transformer
will decrease when there are existences moisture in transformer[6], [7]. Hence, this

study has proposed a lot of research method for reducing moisture in the oil.



1.4 Problem Statement

There are many techniques proposed in the literature to reduce the moisture
content in the insulating liquid but most of the techniques are costly and time
consuming. But, there is still proper guideline available even there are many
practices has been done in the industry without identifying the most effective to

reduce moisture

Hence, this research work aims to finds the effectiveness of the proposed
methods focusing only on three methods, molecular sieves and filter, bubble and
heating. These three methods have different working principle. Therefore, the most
convenient method with an effective moisture reduction is proposed in this work
based on experimental results. Even so, the presence or existence of moisture can be
put into three parts that are chemically bound water, physically dissolved water and
free water [7]. These methods are chosen due to the availability of equipment
available in the lab. The three methods in theory able reduce moisture content in the

insulating oil and which is easy to conduct due to its simple concept.

1.5 Objective

Based on the title, “Comparative Study of Moisture Reduction Technique in

Mineral Oil”, the following objectives below are pursued:

e To compare the effectiveness of different techniques in reducing moisture
from mineral oil

e To determine effect of molecular sieve on mineral oil

e To analyse the effect of moisture on Breakdown Voltage (BDV) on mineral

oil.



1.6 Scope of Research

In this research the mineral-based insulating oil used is Nytro Libra. The
dielectric strength and its moisture content are measured. Three methods of moisture
reduction are used in example molecular sieves and filter, bubble and heating. Filter
paper with a smaller pore size (0.22um) and bigger pore size (1um) are used in this
experiment. The method used to measure the moisture content in the mineral oil is
using Karl-Fisher method. Breakdown voltages are tested at MeggerOTS60PB
Portable oil Tester



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This chapter gather theory regarding transformer, including the insulating
materials of a transformer and their properties of the insulating material. Methods or
techniques reducing moisture for commercial users and for the previous work also

provided.

2.2 Transformer

Transformer operates by the principles of electromagnetic induction from one
circuit to another, either stepping up or stepping down the voltage. The construction

of transformer consists of the iron core, windings, insulating material and bushings.

Transformers in electric power delivery systems around the world are mostly
oil-filled. The oil transformers are as an electrical insulation and as a heat transfer
fluid. Most of the transformer is petroleum-based which is refined specifically to

meet the requirements. In electric power distribution and transmission systems, the



transformers are to expected function reliably and efficiently for many years. The

quality of the oil plays an important role in a transformer performance[1]

2.3 Insulating Material of Transformer

The insulating material is essential in making the transformer to work
properly. One insulator alone is not enough to ensure the safety due fault can occur
in any type of form for the transformer. There are three categories that use the

transformer that is solid, liquid and gas[9].

2.3.1 Solid Insulation

A good mechanical and bonding strength is the specification of a good solid
insulation. Materials used for solid insulation are organic and inorganic material. If a
solid insulator 1s perfectly homogeneous and doesn“t have any imperfection the

breakdown voltage can be high.

The largest insulation inside transformer is the solid insulation. The forms of
this solid insulation are electro-technical (Kraft) paper and pressboard. The functions
of this solid insulation are mechanical stability, the direction of oil flow, electrical
insulation and creation of space. Hence, every material has its limit same goes to this
solid insulation where the aging will affect the properties of the mechanical and
electrical part. Where aging of the solid insulation depending on the water and

temperature [9].



Figure 2.1: Structure of a transformer.

The figure 2.1 above and figure 2.2 below shows the component inside the
transformer. The insulating paper is used to separate each winding and cover the
conductor. The paper comes in numerous forms like different in structure, density
and thickness depending on the type of application of transformer. As so, the

pressboard for insulation of high-voltage is soaking with liquid insulation[10].

Paper
covering the
conductor

Figure 2.2: More detail location of insulating paper



2.3.2 Liquid Insulation

From figure 2.3 below show that"s liquid insulation in transformer does not
only act as an insulator but also as heat dissipation agent which help to cool the
transformer system. Losses in the transformer can be categorized as “no-load losses”
and “load losses” which is caused by the existing of the magnetic and electrical field.
Types of losses are converted into the copper winding, steel sheet core and other
conductor parts. The losses in this transformer will lead to increase of temperature in
transformer if the transformer system is not cooled, hence overheating the equipment

will lead to fatal damage to the transformer and increased the rate of aging[6], [10].

Thus, it is vital for a transformer to have the transformer oil as it acts as a
cooling medium by extracting the heat to the coolant. The low viscosity of oil also
allows it to penetrate the solid insulation setting up convection current for conveying
heat from core material to the radiators. Hence, to operate for a long period and at

high voltage the liquid insulation oxidation has to be stable.

The liquid portion of an insulating system plays an important role and able to
withstand the designed and calculated stress. It is due to the transformer can increase
in temperature during operation. Furthermore, to prevent and protect the transformer
from overheating is by using liquid insulation. The normal factor of BDV for both
and liquid insulation are temperature, humidity and water content. The temperature
will determine the interactions between two insulations. Hence, all normal and
abnormal transformers operating condition the transformer oil should serve as a

solvent that can tolerate with the transformer [10].



Insulating oil entrance

Connect

Insulation oil exit

Shield

Secondary winding

Primary winding

Figure 2.3: Cooling System of a Transformer

2.3.3 Gas Insulation

Air at atmospheric pressure is the most common gasses insulation. The
breakdown of gasses occurs when collision ionization between free electron and gas
molecule. Chemical inertness and stability are properties that normally chose as an
insulating gas. Nitrogen (NS), carbon dioxide (CO;), Freon (CCL,F,) and sulfur
hexafluoride (SF¢) are some of the common insulating gasses. An ideal condition for
gas insulation is the vacuum, where the absence of gas molecule prevents the
collision between molecules. Hence, for the ideal condition will result in a large

breakdown voltage.

2.4 Properties of Insulating Material

There are 2 types of oil to be compared, palm fatty acid or vegetable oil and

mineral oil. Mineral oil always has been a go-to product for the transformer oil



10

mainly due to its low cost. The other features that make it still in manufacture are it
good dielectric strength and as a cooling system for the oil-immersed transformer.
The births of this mineral oil are from the refined crude oil. Crude oil consists of
many individual hydrocarbon compounds which are complex and the relative amount
of these hydrocarbons can be quite different in crude oil from different sources.
Acceptable transformer oil varies substantially in composition, like the crude oil

from which they are derived. Standard of mineral oil can be seen at [11].

There are not specified limit have been made or stated for the concentration
of the various hydrocarbons in the transformer oil. To analyse it is plainly
impractical for the several hundred individual molecular species present. The
hydrocarbon species somehow reflect the behaviour of broad class the many
characteristics of the transformer oils. Of the entire hydrocarbon compound in the
transformer oils, virtually are the member of three classes: alkanes, naphthenes, and
aromatic hydrocarbons. Alkanes are saturated linear (normal) and branched (iso-)
paraffin (n-hexane and 2,3- dimethylbutane are low molecular weight examples of

linear and branched alkanes respectively).

Figure 2.4: A molecular hydrocarbon structure of classes in mineral oil.

Naphthenes are saturated paraffin whose structures include rings of cyclized
five, six or seven carbons (cyclohexane is a low molecular weight of napthene).

These simple ring structures may be two or more and fuse together in napthene



11

molecule (decahydro - napthene — “decalin”- is the example of a napthene with two
fused six-member rings). In naphthene, the structure may have linear or branched

alkane side chains.

For aromatic hydrocarbons, they contain unsaturated ring moieties. A discrete
benzene ring structure can found only in mono-aromatic hydrocarbon (e.g. methyl
benzene-toluene, biphenyl); but for that contain two or more benzene rings that fused
together are called poly-aromatic hydrocarbons (e.g. naphthalene anthracene). For
mono and poly aromatic hydrocarbon contain discrete or fused benzene rings may
have alkane side chains and naphthenic ring substituents. Acceptable transformer oil
can be made from “paraffinic” crude oils that are richer with the help of modern
technology. The molecular weight of the average hydrocarbon compound in a

distillate fraction can be estimated from its boiling range.

The average molecular weights are estimated at 255 in naphthenic oil
distillate and 300 in this paraffinic oil distillate. Then, the naphthenic and the
paraffinic distillate contain 18 and 21 carbon atoms in the average hydrocarbon. The
limit specified for viscosity and flash point of transformer oils determine the boiling
temperature range over which distillates can be collected from a particular crude oil
in the production of transformer oil. An oil viscosity is colligative properties that
reflect the interaction of the entire molecule of different size and structure present in
the hydrocarbon ensemble. Higher boiling is included in the ensemble in the paraffin
rich distillate, higher molecular weight hydrocarbons that are absent in the
naphthenic distillate, the transformer oil made from both meet the specified viscosity

limit[1].

For vegetable oil which is a natural ester or the synthetic ester that is
categorized as a general classification for the transformer oils. In the late 1880s,
vegetable oil or esters have been used as dielectric liquid since the invention of the
oil-filled transformer. Due lack of knowledge and modern tool, the earliest natural
ester was found to be incompatible with free breathing equipment, due to their

natural oxidation characteristics and were gradually replaced by mineral oils[12].
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Figure 2.5: Development of natural ester as transformer insulating liquid.

Due to the toxicity and low firing point that the mineral possess which can be
dangerous to the environment, because of this the requirement the electrical power
transmission and distribution industry to look for a viable alternative to mineral oil.
To be acceptable, any environmentally acceptable alternative must be safe,
economical, and offer a high standard of electrical performance over a long working
life. Nowadays, vegetable oil is a hit due to their green credentials. Natural esters are
produced from vegetable oils, which are manufactured from plant crops. The
advantages esters oil offer are high fire point as well as good biodegradability, but all
type of natural ester suffer from not being oxidation stable as other types of
insulating liquids. Even though, there are many varieties of crop oil to produced
natural ester liquid, most commonly produced natural ester for electrical applications
are from soya, rapeseed and sunflower oil. This is due to factors such as availability,

cost and performance characteristic[12].

2.4.1 Moisture

The meaning of moisture is simply the quantity of water contained in a
material. Water can be present in 3 forms that are free water, physically dissolved

water, chemically bound water. Free water is when absorption limit is exceeded; free
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water separates from the oil. This can happen when a transformer with moist solid
insulation cools down and can maybe affecting the cold start behaviour of a

transformer.

For physically dissolved water mostly can be found in aged insulating oil.
These substances behave as solutizer for water and change it to finely emulsified
form. The drastic reduction of the dielectric properties of the oil and jeopardising the
oil operation of the transformer is due to the physically absorbed water in cellulose
fibres. Finally, is the chemically bound water where is hard to remove by the
conventional way and also can be found only in aged oils. The only way for removal
of this chemically bound water is if the binding substances (acids, carbonyl
compounds, surfactants) are removed at the same time. The chemically bound is only

released at higher temperatures|7].

Table 2.1: Literature Review on past paper relating to moisture measurement content

Reference i ] B METHOD USE
Number
2] S. Province, “Study on the e Four group oil-paper
Impact of Initial Moisture insulation samples were
Contents on Insulation,” pp. 1— prepared with 1%, 2%, 3%,
4, 2016. 4% moisture content under

laboratory condition.
e After undergo ageing test, all
four group were test with Karl

Fischer to measure moisture

content
[13] A. A. Suleiman, N. A. e The moisture-in-oil samples
Muhamad, N. Bashir, Y. Z. were increased by
Arief, M. N. Abdul Rahman, 0.01%(100ppm)
and B. T. Phung, “Moisture ,0.02%(200ppm),0.07%(700p
effect on conductivity of kraft pm), 0.2%(2000ppm),

paper immersed in power 0.3%(3000ppm).
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transformer  vegetable-based e Karl Fisher Titration was used
insulation oils,” IET Gener. to measure the quantity of
Transm. Distrib., vol. 11, no. 9, moisture in materials

pp. 2269-2274, 2017.

The paper for [2], is about study accelerated thermal aging with different
moisture content under laboratory condition. The oil used in this paper is naphthenic
mineral insulating oil then four group oil-paper insulation samples were prepared
with different moisture content under laboratory conditions. The four group samples
were prepared with 1%, 2%, 3%, 4% moisture content under laboratory condition.
Then the ageing process was setup to see the effect of moisture in the oil-paper
insulation. The research result in this paper shows that the effect of moisture on oil-
paper insulation is not a superposition but mutual coordination. The more moisture it
contains the more the acids content, but with the additional condition that is

temperature.

For [13], is about study presents the effect of moisture increase in vegetable
oil and its effect on its dc conductivity of Kraft paper (KP) samples. The oil used in
this paper was vegetable oil Envirotemp (FR3), palm fatty acid ester (PFAE), and
refined bleached deodorised palm oil (RBDPO). The moisture content of the entire
oil sample was increased by directly introducing distilled water droplet into the
vegetable oil. Moisture in oil samples were increased by 0.01% (100ppm), 0.02%
(200ppm), 0.07% (700ppm), 0.2% (2000ppm) and 0.3% (3000ppm). The final result
shows that the moisture migrated from the oil insulation and immersed into the dry
KP. Hence, the increase of moisture in the oil samples will also increase the
conductivity of the dry KP. The different of [2] and [13] is the type of Karl Fisher
equipment use and where moisture was introduced in the setup and what standard

used in this procedure.




2.5 General Practice in Handling Moisture inside Transformer
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Table 2.2 summary general practices below, for the latest transformer report have a low BDV and reduced the high water content[14].

This is the action or option, each with different characteristics and consequences.

Table 2.2: Summary of general practice related to the study.

No

Action

Process Description

Conclusion

Do Nothing

The failure of the unit is caused by continuous degradation.
The water in paper insulation and oil will lead to breakdown
the designed value. Permanent failure and replacement are

needed as a result.

At first cost was inexpensive,
then next cost will be extreme

costly

Retro fill

The wet oil is exchange with dry oil but moisture still exists
deep within the transformer insulation such as paper
insulation. After process retro fill is done, high moisture keep
reappearing due to moisture will slowly leach from the paper

into new oil.

Moisture remains in the paper
isulation but oil temporary is at
good condition after retro fill
with risk of unchanged oil. The

cost is only of outtake cost

Conventional dehydration

Removing the moisture from the outer layers of the insulation
is a temporary solution by circulates and heats the transformer
oil but still moisture stays deep within the paper. The

moisture will slowly leach into newly processed oil even after

The process will lead high
power consumption and risk of
unchanged still occurs. Good

result only temporary moisture
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the dehydration unit. After some time the breakdown voltage

will be lower.

still remains due hidden behind

good oil during process.

Field vacuum dehydration

Rated for full vacuum inside the transformer, which the
transformer can be disconnected and de-energized from the
system. Same step as conventional dehydration by circulates
and heats the transformer oil. The unit is drained and placed
under vacuum condition after reach certain temperature. The
moisture removing from the internal component begins from
the combination of heat and vacuum. This process requires a
constant and periodic application for a full and proper

moisture removal.

The process requires day and
week for a full and proper
process. The transformer has to
be de-energized. Then, the
transformer has to be refilled
with oil and electrically tested
which risk of vacuum tank could
be lead to failure of the sealing.
Even the effective is good at
remove moisture but it comes

with high outage costs.

Oven Drying

The wet transformer can be dried in an oven same as in
factory during assembly of the transformer. As usual, it needs
to be disconnected and transported into a drying oven. The
drying could take a period of days and week. Reverse process

of installing back the transformer for operation.

Cost is very high which involve
money and time but it only

effective to a small transformer.
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2.6 Review on Previous Related Works

Review on the previous study on moisture removal technique, for comparison and improved the technique of moisture removal for

transformer insulating oil. The table below shows the summary of the literature review based on the purposed of this study.

Table 2.3: Summary based on previous research related to the study

Ref Author Descriptions Remarks
Study on Dielectric Dissipation Factor (DDF), Dissolved Gas No reason is said for choosing a nitrogen
1 . : |
[15] JaIS ?;Dgllloe)t Analysis (DGA) and Water Content of the oil before and after gas

removal process

“Blanketing system” that is referred in the paper where the
use of nitrogen gas as cushion to seal the transformer. The
upper side of the system conservator is filled with nitrogen
where air contain moisture and need to be remove before
sealing

Introduces new system of nitrogen blanketing system called
“Dissolved Oxygen and Moisture Removal System”
(DORMYS).

Moisture content was measure using Karl Fisher Titration in

unit part per million (ppm).

Electrical properties such as BDV of oil
if not measure before and after moisture
is being reduce or (DORMS)

No reason is said for heating oil until
temperature  for moisture removal
system.

No explanation on how reaction between
nitrogen gas and insulating oil during

moisture removal process.
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[16]

H.F.Jin
(2015)

Study the dielectric strength and thermal conductivity of
mineral oil based on Nano fluids with the study moisture
content of mineral oil before and after per-processing of oil.

Pre-processing of oil is dry mineral oil in vacuum oven at

60°C for the moisture removal system.

Electrical properties such as BDV of oil
if not measure before and after moisture
is being reduce.

No explanation about the heat oil the
temperature for moisture removal system
No explanation about reaction inside the
vacuum oven during moisture removal

system

[17]

H.B.H
Sitorus
(2014)

Investigation of physiochemical and electrical properties of
Jatropha Curcas Methyl Esther.

Pre-processing is Jatropha Curcas Methyl Esther with the aid
of molecular sieve to reduces the moisture content.

Process need 2 hour mixing with the molecular sieve with
temperature between 60°C - 75°C with 2.2% molecular sieve

weightage.

No explanation about reaction between
molecular sieve and transformer oil
during moisture removal system

Only Jatropha Curcas Methyl Esther oil
was experiment during the process no
other transformer oil involves.

No explanation about the percentage for
molecular sieves for moisture removal
system

No explanation about the temperature
and 2 hour mixing for moisture removal

system
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2.7 Summary

In this chapter discussed, the theory and principle that related to this work
based on previous research. The selection of insulation is the liquid insulation which
common and made from petroleum call as mineral oil. When the oil degradation is
reduced, this will result in a longer life span of the transformer which it is important
for maintenance and cost for some manufacturer. In this research, the selected brand

of mineral oil available in the UTeM Oil Lab is Nytro Libra.

Nytro Libra Mineral Oil is a product from Nynas Company. A brand new
Nytro Libra colour is colourless. The mineral oil will changes colour to darker colour
when the oil started to age. It is due to the oil is being used for a long period without
maintenances. The existing of moisture somehow influences the aging process,
especially when moisture content in the transformer is high. Standard relating to
mineral oil is ASTM D3487. The required property of insulating mineral oil which

considers as in good condition when the oil:

e  Minimum BDV : 20K (1mm gap of electrode)

e Maximum Moisture Content : 35ppm

Thus, by reviewing previous work discussed in table 2.2, there are techniques
are has been identified as a moisture removal system. The three-technique has been
confirmed and to compare are Vacuum Oven (VO), Nitrogen Saturated (NS) and
Molecular Sieves (MS). The reason nitrogen is selected like in the previous work
because the gas is environmentally friendly, inexpensive, available in the UTeM Oil
Lab and chemically inert. As for Vacuum Oven technique the temperature 60°C
because it was average operating condition temperature through equilibrium of
product and dissipated loss heat in the transformer is reached [10]. Lastly, the
molecular sieves are used because to see the reaction molecular sieves and mineral

oil to find out whether the effect of moisture removal in the mineral oil.

Finally, for measurement and testing equipment uses are Karl-Fisher method
for moisture content in the insulating oil and breakdown voltages are tested at
MeggerOTS60PB Portable oil Tester. Standard selection for the Karl- Fisher
equipment is according to ASTM D1533. Step on using Karl Fisher is available in
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the ASTM D1533. For the BDV is ASTM DI1816, with electrode type VDE or

mushroom and 1mm gap are used.



CHAPTER 3

METHODOLOGY

3.1 Introduction

The methodology contains the techniques and steps used in the project. Some
experimental procedures in the project came from the previous work. Moisture
reduction procedure such as Nitrogen Saturated (NS), Molecular Sieves (MS),

Vacuum Oven (VO), BDV and Karl Fisher coulometer will be discussed briefly.

3.2 Project Methodology

The project methodology is a defined combination of logically related practices;
method and process that determine how best to develop and deliver a project
throughout the continuous implementation process until successful completion and
termination. This also to makes sure the project on track with the time given and

keep track of the timeline of the project.
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Preliminary Experimental
Study Set-Up

Testing Data Analysis

Figure 3.1: Flow chart of the project methodology

From the flow chart in figure 3.1, there are four stages of this project
methodology which is preliminary study, experimental set-up, testing and finally
data analysis. For preliminary study and experimental setup, consist of literature
review, selection of transformer oil, moisture content in transformer oil, breakdown
voltage, a different method in moisture reduction and a different method of testing

moisture.

Next is testing part, which consists of breakdown voltage test and moisture
test where the set-up is found before the testing. The testing is set according to the
availability or diversity of equipment in the High Voltage Oil Lab with the reference
of the experimental set-up. Lastly, data analyses of the testing result are recorded and

analyse to know the characteristic of the oil.

3.2 Flow Chart of overall Procedure

In this part, is about step or process where the oil will undergo. The stages or
steps are divided into two part, one is for the waste cooking oil and one is for the
commercialize oil. Figure 3.2 below shows testing or flowchart for mineral oil.
Which the mineral oil needs to undergo Nitrogen Saturated (NS), Molecular Sieves
(MS), Vacuum Oven (VO), before moisture breakdown voltage and breakdown
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voltage with moisture increment can be done. The baseline for the test is measured

before the reduction of moisture treatment.

Figure 3.2: Methodology Flow Chart of overall Project

3.3 Mineral Oil Selection

Early in the experiment, transformer oil selection is necessary before
proceeding. Selection of transformer oil is according to the availability or diversity of
equipment in the High Voltage Oil Lab and agreement with the supervisor. The
brand that has been selected is Nytro Libra Mineral Oil. This transformer is being
chosen because it properties has a high moisture content and low breakdown voltage.

Appendix A shows the properties of Nytro Libra Mineral Oil.
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3.4 Breakdown Voltage Test

The breakdown voltage tests are tested using Megger OTS60PB which
following the ASTM D1816 standard. This method is for determined the dielectric
strength of an insulating liquid by Verband Deutscher Elektrotechniker (VDE)
electrodes. According to ASTM D6871, the breakdown voltage for the mineral oil
for Imm gap must be at least 20kV. The sample of mineral oil will be tested for

breakdown.
The procedures are followed:

1. 500ml of Nytro Libra Mineral Oil are prepared into oil test vessel.
2. The electrode shape A are set with gap of Imm following the ASTM D6871.

Figure 3 3: Shape of electrode used.

3. The oil temperature, room temperature and humidity are measured before

adding into the Megger OTS60PB.
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Figure 3.4: Oil temperature and humidity are measured.

4. Then, on the equipment and select the ASTM D1816.

Figure 3.5: Selecting the standard

5. Lastly, run the breakdown voltage test for about 15-17 minutes. After 5 test

the will be shown on the screen.
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Figure 3.6: Megger OTS60PB

3.5 Moisture Test

For moisture test, Karl Fischer coulometer is used to determine the water
content in the oil which following set-up of apparatus and procedure of ASTM
D1533. From the standard, the water content in oil sample must be below the

standard value which from standard stated that mineral oil must be below 35ppm.

Figure 3.7: Coulometer Karl Fischer Titration
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The procedures are followed:

1. Type of oil is selected and being filled in 6ml syringe tube
2. Air bubble are removed from the syringe by slowly pressing the syringe

upwards

Figure 3.8: Syringes fill with oil sample

3. The syringe is then being weighted with an digital analytical balance, mass of

oil sample was recorded.

Figure 3.9: A digital analytical balance

4. 1ml of oil sample was filled in the Coulometer Karl Fischer Titration for test

one.
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5. Press ,,Start™ button to begin the titration located on below the screen of the
Coulometer Karl Fischer Titration.

6. Process was repeated for three or four times.

3.6 Techniques of Moisture Removal with BDV and Moisture content

Mmeasurement.

The study only consist three techniques to remove moisture in Nytro Libra
Mineral Oil and all three techniques will be compared with moisture BDV. The three

techniques to remove moisture will be discussing more detail below.

3.6.1 Vacuum Oven Technique

The previous work is from “Dielectric Strength and Thermal Conductivity of
Mineral Oil based Nanofluids” written by H.F. Jin[16]. The procedure is referred for
this study.

1. 500ml Nytro Libra Mineral Oil are filled into a 500ml beaker and placed

inside the vacuum oven (VO) shown in figure 3.10 below

Figure 3.10: Placement of Sample in the Vacuum Oven (VO)

2. The Vacuum Oven is set with temperature 60°C show in figure 3.11 below
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Figure 3.11: Vacuum Oven temperature setting

3. After temperature is set, the Vacuum Oven is set with timer for 24 hour

equivalent to 1440 minute show in figure 3.12 below

Figure 3.12: Time setting for the Vacuum Oven (VO)

4. After 24 hour in the oven, the oil is then cool down for 24 hour and being
wrapped with a transparent wrapper.
5. After 24 hour cooling moisture and BDV test are run on the sample

6. Data is record for a VO technique sample
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3.6.2 Nitrogen Saturated Technique

The previous work is from “An Environmentally Friendly Dissolved Oxygen
and Moisture Removal System for Freely Breathing Transformer” written by J.
Sabau et al [15]. The procedure is referred for this study. Modifications or

improvement made for this technique are:

a) Time is cut short from 24 hours to 30 minutes.

b) From a flow rate nitrogen gas on oil to saturated nitrogen gas

c) Heat at 70°C is being eliminated due to a research said temperature increment
will increased amount of moisture in the oil [18].

d) A vacuum is added eliminated moisture circular ling in the beaker.

1. Nitrogen Saturated (NS) as shown in figure 3.13. A 500ml weight of fresh oil
is fill into the flask.

N

Figure 3.13: Apparatus Setup for Nitrogen Saturated (NS)

2. The nitrogen gas is pump from a nitrogen tank shown in figure 3.14 below

and the oil will saturate like in the figure above.
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Figure 3.14: Nitrogen Gas Tank

3. The gas will go through the oil for 30 minute and exit with help of the
vacuum. The vacuum will help to speed the process and make sure moisture
is not trapped in the flask. The direction of the gas is shown in figure 3.13
with the indicator of the red arrow.

4. After 30 minute moisture and BDV test are run on the sample

5. Data is record for a NS technique sample

3.6.3 Molecular Sieves Technique

The previous work is from “Physicochemical and electrical properties of
Jatropha Curcas methyl ester as a substitute for mineral oil” written by H.B.H Sitorus
[17]. The procedure is referred for this study. Modifications or improvement made

for this technique are:

a) After sample being mix with molecular sieve the sample is being filter with
filter paper as to make sure the BDV of the oil doesn“t not being affected by

the particle of the molecular sieve.
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b) The filter is divided into two parts, one with large pore 1pm and one with

small pore 0.22 pm.

1. Molecular Sieves (MS) as shown in figure 3.15. A weight of 2.2% molecular
sieve is being weighted from 1L mineral oil which equivalent to 18.63g

before added into the 2000ml beaker for mixing.

Figure 3.15: Molecular sieves use in the previous work [17].

2. After the molecular sieve being weighted, it is added with the mineral oil.
Then the sample is being placed on a magnetic stirrer.
3. The sample is being mix for one hour in room temperature with speed of stir

500rpm show in figure 3.16 below.



Figure 3.16: Sample mixing for one hour in room temperature

. After an hour, the sample is still at the magnetic stirrer but with temperature
increased to 70°C and being stir for 500rpm for another one hour.

. After two hours of stirring, the sample is being filter. The setup is being
shown in figure 3.17 below.

Figure 3.17: Molecular sieves filtration setup

33
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6. The oil sample is being added at the top and vacuum is on to start the
filtration.

Figure 3.18: Type of filter paper use in the Molecular Sieves Process (MS)

7. After filtration is done, moisture and BDV test are run on the sample
8. Data is record for a MS technique sample

9. Steps are repeated but during filtration filter paper is change.

3.7 Data Analysis

The effect of three techniques on mineral oil in their moisture and breakdown
voltage data will be analysed to determine which method have the best effect. The
objective of this research should be related to the analysis of the experiment. A

conclusion is made after all data have being process.

3.8 Summary

The chapter three is to determine the method used in this project based on
research background. The selected techniques, oil, standards for the tools and testing

have been discussed in chapter two. The flow chart is made to make other readers to
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under the flow of this project. The next chapter will discuss detail on the result and

data recorded.



CHAPTER 4

RESULT AND DISCUSSION

4.1 Introduction

For this chapter, based on the experiment that has been done the recorded
data were analysed. To fulfil the objective, the samples for the BDV and moisture
test have been carefully prepared and vary with the standard. For easy understanding
and comparing all recorded data are presented in graph and table. All the detail and

analysis of the data will be discussed as follow.

4.2 Analysis and Project Achievement.

All the recorded data are based on the laboratory experiment. The main things
to take note are the achievement of moisture reduction of the mineral oil after
undergoes the three techniques state in chapter 3. The first thing to take into account,
the amount of moisture content reduction in the mineral oil from before undergoes
the three techniques and after. Secondly, study the effect of the molecular sieve on
the Nytro Libra Mineral Oil in term of the moisture reduction content. Finally, the
BDV increment when processes of moisture reduction have been done. The content

below shows the analysis of the experimental result obtains from the laboratory.
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4.2.1 Measurement Moisture Content

The baseline of the transformer oil will be measured with the Nytro Libra
Mineral Oil fresh obtain from the barrel. All the moisture data will be recorded and
compared in Table 4.1 below for the baseline oil and oil after undergoing the
treatment. The baseline that obtains directly from the barrel will be measured by the
BDV and moisture content without treating it. Meanwhile, the vacuum ovens (VO)
will undergo a condensation and heating process for 24 hours. For Nitrogen
Saturated (NS), this technique unique due the process only needed to be injected with
nitrogen for 30 minutes. For the final method is the Molecular Sieves (MS). This
technique is a merging technique of molecular sieves and filtration. Where the
mineral oil, need to be treated with the molecular sieves for 2 hours with different
temperature for each hour. After that, the oil being filter with two different filter

papers where filtration is quite time consuming.

Table 4.1: Data of moisture content for mineral oil.

Moisture Content (ppm)
Techniques Test | Test | Test | Test | Test | Average
1 2 3 4 5
Fresh Oil (FO) 463 | 494 | 31.1 | 51.1 | 41.8 | 43.94
Vacuum Oven (VO) 22.8 | 19.0 | 24.7 | 29.2 | 31.1 25.36
Nitrogen Saturated (NS) 8.2 7.0 7.0 9.0 11.0 8.44

Molecular Sieves (MS) no filter 4.0 8.5 9.6 | 109 | 5.8 7.76

Molecular Sieves (MS) Bigger 31.8 | 28.0 | 23.0 | 24.6 | 27.1 26.9

pore size(1pum)

Molecular Sieves (MS) Smaller 120 | 11.6 | 104 | 10.3 | 153 11.92
pore size (0.22um)
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The Table 4.1 above shows the moisture content for each technique that is
recorded during the experiment. Five reading or test being conduct is because of
reduced uncertainty and get an accurate result. From the table above, each test shown
have an uneven result obtain. So to confirm the result is by doing average from five

tests for each sample.

Moisture content for FO, VO, NS & MS
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Figure 4.1: Moisture Content for FO, VO, NS and MS techniques

From the Figure 4.1 above, a comparison can be made between the fresh
mineral oil and all the sample of moisture removal technique. It is noticeable that the
fresh mineral has the highest moisture content in the oil itself compare with other oil
after removal technique. The reason behind this high moisture content is maybe due
to storage of the oil at a cold cement floor. A good oil storage method of the oil
barrel is the floor must be cover with a wood or a rubber material or anything that
poor in conduct heat or cold. The cold floor may make the hot air inside the barrel to
condense and the oil with mix with the water due to these phenomena. Another factor
is, maybe due to the oil has being kept inside the barrel for a long period. Sometimes
it can be leakage or small hole at the surface or cap of the tank that leads to the

reaction of the mineral to gas from outside
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First to being compared is the vacuum oven (VO) and fresh oil. The moisture
content difference is about 18.58 equal to 42.28% of moisture reduction shown in
Table 2.4. The process of VO is a combination of using heat and vacuum to remove
moisture from the mineral oil. The mineral oil was set to be heated to 60°C during
the process of heating. After heating, the mineral oil needed to be cooled down to
room temperature (around 20°C - 30°C) before a test can run. The cooling process of
the mineral oil is the treated mineral oil will be kept in a dark coloured bottle with an
inner cap and into a cabinet away from sunlight. The environment inside the cabinet
is not vacuumed which mean the chances of the oil to be exposed to the surrounding
air is still possible. Hence, there still a possibility of the moisture content of the oil
increase during cooling process as reaction can occur between oil and atmosphere
such as humidity, temperature and condition of the High Voltage Oil Laboratory lead

to the increment of moisture in the oil.

Second is the comparison of fresh oil and nitrogen saturated (NS). As Table
4.2 below shows the moisture content of the mineral oil after being treated with NS
techniques. The drop of moisture from 43.94 ppm to 8.44 ppm is quite a lot. The
difference of the moisture content reduced is 35.5ppm equal to 80.79%. The second
highest in moisture remove among all techniques in Table 4.2 which out of the blue
the fastest technique to reduced moisture with the time taken is about 30 minutes.
The moisture reduction is also due to after test the oil is directly tested to determine
the moisture content. The NS technique does not require a cooling process due no
heating is involved during moisture reduction process. Thus, the probability for NS
to react with the gas at surrounding is small and the mineral oil temperature is
maintained at room temperature. In addition, according to the finding of J. Sabau the
dissolving gas analysis (DGA) test that when nitrogen gas flow through the mineral
oil, the gas properties of nitrogen dehydrated the oxygen, carbon dioxide and
ethylene as the nitrogen gas act as a moisture absorbent like a silica gel. From this
recorded data, a theoretical assumption on which the dissolved oxygen in the oil is

absorbed by nitrogen is proven[15].

Finally, for the molecular sieve (MS), the reason MS is shown three times is
to show the differences of MS with a combination of different filter paper and
without the filter. Comparison of three MS technique is MS alone without filter show

the most moisture content remove followed by MS Smaller pore size (0.22um) and
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then MS Bigger pore size (1pum). As the below show, molecular sieves have reduced
the moisture content from 43.94 ppm to 7.76 ppm which is 80.79% reduction which
means the molecular sieve have no problem to reduce the moisture content in the
mineral oil. This moisture content drop is caused by the structure of the molecular
sieve where the structure allows the water to be crystallization to be removed,
leaving a porous crystalline structure. Due to the presence sodium, calcium,
potassium and by the absolutely enormous internal surface area of close to 1000m*/g,
with the aid of strong ionic forces the molecular sieves will absorb a considerable
amount of water[19]-[22]. It is said that the molecular sieve can reduce many liquid
impurities to very low level[22]. The reason behind the increase of moisture during
filtration with the filter paper is the process took a long time to process and some of

the moisture is hidden behind or inside the temporary good oil.

Furthermore, Table 4.2 have shown that NS, MS, MS pore size (0.22pm), MS
Bigger pore size (1um) and VO has achieved ASTM D3487 standard for a good

mineral oil which is moisture content must below 35ppm. The calculation is based on

(4.1).

Percentage Renen (%) _ (Baseline—moisture content) % 100 (4_ 1)

Baseline

Table 4.2: Moisture content reduction of mineral oil.

Techniques Moisture Content Percentage
(ppm) Reduced%
Fresh Oil (FO) 43.94 (Baseline) 0.00
Vacuum Oven (VO) 25.36 42.28
Nitrogen Saturated (NS) 8.44 80.79
Molecular Sieves (MS) no filter 7.76 82.33
Molecular Sieves (MS) Bigger pore 26.9 38.78
size(1um)
Molecular Sieves (MS) Smaller pore 11.92 72.87
size (0.22um)
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4.2.2 Breakdown Voltage Test

The breakdown voltage (BDV) for fresh oil and moisture removal technique
oil are plotted in Figure 4.2. The Figure 4.2 below shows the total average of 50
reading from the Megger OTS60PB for each technique. Recorded data will be shown

in Appendix E.
Breakdown Voltage for FO,VO,NS & MS
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Figure 4.2: Breakdown Voltage of FO, VO, NS & MS technique

Based on Figure 4.2 above, the FO is compared with each other moisture
removal techniques. As the figure above shows, there are improvements in each
moisture removal technique for the mineral oil and all the result is higher than FO
itself. The reason for the increase of BDV is the reduction of moisture content in the

oil as stated in Table 4.3.

From the Table 4.3, the breakdown voltage of the Fresh Oil (FO) is 8kV
which the lowest and not following the specification of a standard mineral oil in
ASTM D3487. But comparing FO and VO technique the BDV different is 1kV and
equal to 12.5% enhancement. VO BDV is slightly higher due to low moisture content
compare to FO. The also same goes for Molecular Sieves (MS) Bigger pore size

(1pwm) which have similar BDV of 9kV. The calculation is based on (4.2).
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(Breakdown voltage—Baseline)

% 100 (4.2)

Enhancement (%) = Baseline

Table 4.3: Mineral Oil breakdown voltage with enhancement

Samples BDV (kV) | Enhancement (%)
Fresh Oil (FO) 8 0.00
(Baseline)
Vacuum Oven (VO) 9 12.5
Nitrogen Saturated (NS) 20 150
Molecular Sieves (MS) Bigger pore size(1pm) 9 12.5
Molecular Sieves (MS) Smaller pore size (0.22um) 17 112.5

Move to the next technique which is Nitrogen Saturated (NS). NS has the
highest BDV which satisfied the BDV standard of transformer oil in ASTM D1816
for Imm gap the BDV is minimum 20kV. The reason is due fact that the moisture
content of the mineral oil itself after treatment is 8.44 (ppm). The BDV difference
FO and NS is 12kV which is equivalent to 150% enhancement as stated in Table 4.3.

For the Molecular Sieves (MS) Smaller pore size (0.22um), the BDV is the
second highest show in Table 4.3 and Table 4.4. The reason BDV of this technique is
higher due to moisture content has being reduced to half compared to Molecular
Sieves (MS) Bigger pore size(1pum) shown in Table 4.4. The BDV differences of
Molecular Sieves (MS) smaller pore size (0.22um) with FO is 9kV with

enhancement of 112.5% shown in table 4.3.

Table 4.4: Relationship between breakdown voltage and moisture content of the
mineral oil

Samples Moisture Content (ppm) BDV (kV)
Fresh Oil (FO) 43.94 8
Vacuum Oven (VO) 25.36 9
Nitrogen Saturated (NS) 8.44 20
Molecular Sieves (MS) Bigger 26.9 9
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pore size(1pm)

Molecular Sieves (MS) Smaller 11.92 17
pore size (0.22um)

To conclude this analysis, moisture content and breakdown voltage should
be taken into consideration between these two parameter relationships. The reason
why no filter Molecular Sieves (MS) is not tested with BDV is due to the oil must
not have any other impurities. If there®s existence of other impurities it will affect the
BDV of the mineral oil due low breakdown voltage maybe causes the impurities of
contamination[3], [6], [9]. Table 4.4 above shows the summary of data extracted
from the experiment. From Figure 4.3 below, clearly see that when the moisture
content in the mineral oil is high. From Figure 4.4, the BDV of the mineral oil will
also in the lowest position and a vice versa situation can be applied. Hence, the
relationship of lowest moisture content will increase BDV of the insulating oil. This
experimental has proven a theory about moisture content inside insulating oil will

affect the performance of insulating oil.

Relationship of Techniques and Moisture
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Figure 4.3: Analysis of moisture content in mineral oil.
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Figure 4. 4: The breakdown voltage of mineral oil after treatment.

4.3 Summary

In this chapter contained all the result and discussion of the experiment. The
topic discussed breakdown voltage and moisture content of mineral oil before and
after moisture removal technique had been done. Chapter 5 will be discussing the

conclusion of the experiment and recommendation of this study.



CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

The analysis of this experiment to establish the moisture removal techniques
that is possible to treat mineral- based insulating oil by reducing oil moisture content.
During the study, the technique is compared with one and another. The parameter
used to compare is the moisture content and the BDV. Then after comparison, each
technique is analysed and determine which technique the most effective is for
reducing the moisture content of mineral-based insulating oil. There are three
technique which is Vacuum oven (VO) Nitrogen Saturated (NS) and Molecular
Sieves (MS) but MS is separated into two parts, one of it is Molecular Sieves (MS)
Bigger pore size (1um) and the other part is Molecular Sieves (MS) smaller pore size
(0.22um). The reason behind MS is separated into two parts is because the molecular
sieve particles need to be removed before BDV test. If the molecular sieve is not

removed it will affect the BDV of the oil even after treatment.

Each technique has step and procedure which will result in a different
outcome for each test. All the procedures of test equipment have been conducted
according to standard available. Hence, data of the experiment gain was expected
and reasonable comply with the standard. Meanwhile, moisture is tested using Karl
Fischer Coulometric with standard ASTM D1533[23]. The Megger OTS60PB was
used to test the breakdown voltage with the guidance of standard ASTM D1816[24].
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In term of moisture reduction, Nitrogen Saturated (NS) and Molecular Sieves
(MS) was the most effective technique. But in term of breakdown voltage the
Nitrogen Saturated (NS), was the one and only reached 20kV the minimum BDV
standard for a 1mm gap. This can be proven by the data obtained and this also
indicates an innovative, environmentally friendly and affordable technique can
reduce the oxidation decay process of insulation oil when the moisture content is also

reduced.

5.2 Recommendations

During the investigation, the data gain and shown that moisture content does
play role in affecting the breakdown voltage of the mineral oil. Suggestion on

improving and future plans related to this project:

1. Study other methods on removing molecular sieve particle without
increasing moisture content.

2. Study the moisture removal technique using molecular sieve and nitrogen
with the variance of time.

3. Analyse the properties of mineral-based insulating oil using FTIR for

nitrogen and molecular sieve removal technique.



[9]
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D050 Test Methiod for Amalysis of Polychlonmaed Biphe-
nyls in Insulating Liguick by Gas Cliromsaiog raphy

PATER Test Method for Amalysis of 26-Dilertiary- Byl
Para<Cresdd and 2.6 Ditertiary- Rl Phenol in Insulating
Liguids by Gas Chromanograph y

Lse T Test Methed for Furamic Compounds m Elecrical
Isulating Liguick by High-Perlrmance Liguid Clioma-
{ography (HILL)

1059409 Test Method for Pour Podnt of Petodenm Products
i Adtiomm e Pressure Pulsing Method )

108050 Test Methad for Pow Point of Petmlemn Producis
CAutcmatic T Method )

2.2 TEEE Swandand®

ST 06 Cuide for Acceptance and Mainicuance of T k-
g Ol in Eguipment

A Terminology

A Definitdons:

300 Type { Minewsal Ofl—an ol for apparaius where noemal
onidation restdance i required, Some ofls may require the
ackdition of & suttable oxication inhibitor w achieve (his,

V12 Type N Minepal Ofi—an oll for apparaius where
greater ondaton resistance s requined. This fs wsually
achicved with the addition of a suitable coidation inbdbitoe

V120 Discission—During processing of fahibfled mineral
of | under vacuum and clevaed tenpernres, partial koss of
infubinr and valatile portioms of mineral ofl way ocew The
commun (nfibitor, Lo-diernary-buiyl pamecresd E’Hm
BHT) and 2 6-itertary-butyl phenol (DFB ), s won: vdatile
than wrunsformer pil. IF plocesing Conditinns are lon severe,
uiclation stability of the ol may be decreased due o loss of
inhibirer, The slectvity for removal of mogure and air in
welenenoe v |oes ol inhibivor and ol L tmproved by geeof o
low processing | emperatire,

Conditiors that have been found satsfacwry for most

inhitated miverd ol processing ane
Mbmum Prassura
Terparahus, *C Fa Tort, Appr coime b
L] | .04
B0 10 b0
W 20 ALY
il iy 0.3
B 180 0.
w 400 a0
130 18 TA

I temperatures higher than thos recommended o the
perating pressire are used, e ofl should be tested Tor

intibitor content and inkibitor added as necessary 1o retum
inhibitor content 1o s il lue, Altemps o dry appa-
rals containing appreciable amounts of Fee wiler miy
resull in o significant loss of infobitor even ol the condi-
B recommendled alove,
113 addivivas—chemical substances that are adiked 1o min-
eral insulating of o achieve equired Dmctional properiies,

Y14 properiies—those properiies of the mineral insiliing
ofl which ar mguired for the design mandscture, and
opemtion of the apparatie. These properties ane listed in
Sectiom 5,

32 Other definttions of terms reluted 1o this spedficition
are given in Terminology 2864,

33 More mivrmation on {ests related to this ecilicaion
can be found in Guide 1117,

4. Sumpling und Testing

4.1 Take all o) sammples in accondance with Prctices [923,

4.2 Make gach et in acoomdance with the lates) revision of
he ASTM fest methiod spec fied in Section 5,

43 The oil shall weet the requinements of Section § ut the
unloading point

Mot 1—Hecause oF the diftere il beods of the wrdous users, iorms

.Wﬂnﬂunn congi deved o be subiled
i v fgreement

Worn =dn wddition o ol odher dewiy listad herein, it by sound
emtincenng practos (o the apgariius  manalaciue (0 o mn
evlithon al e ey o tasulating ofb b Dnsulation sysients, prooly s
v o fullsesle appeams, o any combination thereol, o hsue
Sultabile wervice lite

44 Make kngwn 6 the werthe weneric type and amount of
iy additive wsed lor assessing any poential detrimental
reaction with other muterals in contid with the al,

5, Property Requirements

5.0 Mineral dngsul wing ofl confonuing 1o this specification
shall meet the property lmits given b Table 1, The significance
ol these propertics 18 discussed n Appendis X2,
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TABLE 1 Property Requirements
- Ll ASTW Tt
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Prysicyl:
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 Thowe b ty Tet Mathesd 000 am applicble erly o an receled new ol (e Appendi K22,1,1)
" Provisbing b peciuss oty winhibited ol shall be agreed upon batween suppler and udar,
*mmﬂnﬂnmmmmuum e betwoer suppllor and uaer,
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APPENDIXES
(™ onnwandat ory Infor mation)
X1 SUPPLEMENTARY DESIGN INFORMATION
X010 The fidbowing values ame rypical Bor presently used
mineral {nsulaning olls. For oils derived from pasaffinic or

mined-base cudes, the appanitus designer needs (o know that
these propertics have s changed,
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ATV Tewt
Fpay Y - it
Comloat of paparmss, "0 GI007 v GDODR R
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(oo o, JTT wetd e
fpmal fami Jhg TL e W
=t
Thaw o ALty amedn o er
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X110 Physical Froperties

X211 Aniline Posre—The unilise poist of o miseral ins-
Tating ofl indicaies the wobvency of ihe oil for malerials that are
i contact with the ol & may relite o the impulse and gasang
charucterttics of the ol

X212 Color—A low cobar mainbet s an evential requine-
ment (o imspection of sembled ipparaius in (he ank. An
Increase in fhe cokor sumber during service s un indicator of
uhuhrndmul'h mulmuhtiu il

t*l‘imm;ﬂ'ﬂlﬂ
is the lowed (eaper dwre @ which ihe :Jlm

sty of the factory cliedd s Vivoinlly apply. The pour peins
of A0°C waly fe obtainad by the e O sullable dhaillac,
telimang peovelses. e e o ipprogriste
uny combunsaos thered 16 3 powr post alditive b used, it i
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X216 Retasve Dewatre (Spevife Gravity)—The specilic
pavity of & maneral |malstng oo | influences the heat tmnsder
ks and may be proincn o determining wahility (o we i
e I ewemely cold clmses, peific
avity has bevn wad b downmine whether e, resulting fom
fwesing of water im o0 b8 lend appasiten, will float on the od and
omsibly result i Badwer of omdecton ¢ dending dhwwe the
ollevel See. fr cxample, “The Sigaificamce of the Deasity of
Transformer O™

XY Viscouts—Vicosdy infueasces the heat tramfer asd,
comapuenly e lemperaiee e of appamiin. Al kow
lempetaiges, e resuling Mgher vicosity influences the
spoed of moving pats, such as those in power circuit beakens,
swichpea oad Gpchanger mech ms, pumps, and regle
Wom, Viscosiy controbs minesl imalating ol processing
condinons, soch as dehydmtion, degavification and filtration,
and cal impregmation rates. Migh visconity may adversely affea

Mt B T S of the Dty of Tronsfoomer Ol IKER
Trivowi o o Flee el bl s, Vil 19, M & [incinbar | GHD, pps AGR 43,
(RIRTIER ERLELERLAR o B e

Tong e aammwes e

the startieg wp of appastis in cokd climates #or cxample. e
inmdamen ind replicments |

X21Y Vioad Erimmsimon—A umple visusl imspacion of
mincral insulating ol may ind e the shence of reenc o
usdesyable contamimaats. If ach comamisants ge proes

more defintve testing is reconumended (0 asess thar elfec os
other functonal properties.

X2.2 Electrical Properties
X221 Daelectric Breakdown Voliage, 60 Hz—The diclac

wmm Il g of| incheanes i
% own il poser fiequencies in
08 Dy

i —=VDE  Elec trodes—The
DIKIAD 15 sensiive W

Proessing invdves fileng
dehvirmion, and iq-du. which gescrally impeove ithe
baealadown smengih of ihe vl As & peneral pui, the molure
and dusched gas conlent by volume in rocesed als shodd
be lew than 15 oo dnd 05 9 repeciely The mimenan
becabdoms dreegth ke s oveied b b iypically bower thas
Ut of rocdd ol bocanee o ipher leveh of comaminnt.

X222 Duvlecrwr Breakdven Vidtage- lugul—The i
pube swength of oil & cokal in cleocal appuais. The
vmpuse beak down voltage of al indcaes it sbili y 1o waig
eleancal treskdown mder mndent volage wewes Jiphming
and swwching varges L The funcriosal ropaty o eemene o
both polanny and chectnde peometny

X223 Davparsn Factor—Disspation awr (power -
tori & o2 mesvwe of the delecimic lowes in oll A los
disapmtion {acur indicates | ow delectric lovies and 2 low kel
of solable cosammats.

X224 Geung—The gasing endency of & minenl e
I sing ol 15 a4 measre of the mie of abworption or desopaion of
hydroges oo or our of the oil unda prescobed Liboeory
condions_ [t reflects, but does o) mesure. amnaticity of the
ol

XL} Chemieal Properties

X200 ircicktony fndwbitor Conpent—Oxidaton inbilbine
ackdel b mibreral fnsulating ol retands the formation of oll
sludge and scidity under axidative conditions. It s impotant to
ko i oiedation inhibitor b been added to the of asd the



55

4l 3as7-16

i, 2,6 Ditert b v-biily | pariecresol and 2,6-ditertiary -
fy Ipherod have been founed suitable for use in mineral insulat-
ing oils comply ing with this specification. It is anticipated thal
other ooadation infibitors will be wecepted.

XL Corrosve Sulfur—The absence of elemental salfur
el thermually wnstable sulfur-besring conpounds |s necessary
fo prevent the comusion of cerlain imetals sieh as wpper
dlver in contact with the mineral insulating ol

X2A% Water Comtemi—A low water content of mineral
alaing oil 15 vevessary 1o achieve adequate electrical
aarength and low dhiglecing koss charactenstis, (o maxin ze the
il aon s yebem life, and 1o minimize metal comogon,

X2 A4 Newtralezaton Number—A low total acid content of
o minerl insubiing ol & necessary Lo minimize elecrical
concloe ton and metal cormsion and o maxi mize (he life of the
insul ation 5 ysiem

X235 Ohvicdaad o Sabilly—The development of ofl sudge
aml acid ity rea Ring from oxidation dur ng storam, procéssiag,
and long service lile should be held moa mindmn, This
mintmioes electiical womductio and melal cormosion, nasi-
(T lmdamﬁwﬂiﬁlddﬂﬁnul break down strength,
usd cnames stisfatony heat manster. The limiting valies in

accordance with Table 1, as determined by Tes Methads
D212 und 12440, hea achieve these objectives.

X236 Furande Compounds prowide 4 means o assess the
cellulose degrachtion of an imsulation syviem. The level of
these compounds must be ator bebow the levels stated in Tahle
1 1o ensure the haseline 15 known for new oil when delivered
Furanic Compounds are typeally not found in highly refined
ol but mught be presest doe to costumeation. The purpose i
toensre fiture work is aot distoded by the preseace of these
cunpounds,

X247 PCE Comtent—Many regulations spedly procedures
to be followed for the e and dsposal o electrical apparatus
pid electrical insukdisg fukds containing various PCHs (poly-
chlorinated bipheayls) o wockors. The procedure 1o be used

fio o particuliar sppasranas of kot of i kiting Niid bs determined
lrom its PCB content. New mineml insulating oil of the type

covered by ithis specification shoukd not contaln any deteciable
PCRs. A non-deteciable PCB emcentration measured by Test
Method D405 provides docunentation 1o peemil e fnsulat-
Ing ol and apparabus containing it 10 be wed without the
libehng, recond keepisg, and disposal resirictions required of

X, PETROLEUM SOURCES, REFINING PROCESSES, AND SHIFPING CONTAINERS

31 Pemrobesm Sownes—Minetil {sulating alé ane poes-
ently refined from predo ity E@mmﬁ‘ hﬂh, Fur-
affinke cmides wnd few refining teehmology tay be used (o

provide mineg| i aating ot fpr e i electrical apparate, As
new petroeum spurees are developed (o s use, additional
tesds peculir (o the chemislny of these oils may weed (0 be
defined,

N2 Refwing Prcesser—Distillates from crude ils may
e retined by various processes siich as solvent extractio,
dewaning, hydrotreating, hydrocracking, o conbinalions of
these methodk o yiekd mineral nsilating ol meeting the
recquimements of this specificaion, The genetle process should

M'qmﬂhd "ﬂ" RSk

X33 Shipping Comtisine m—Minetal insulating oil s vewlly
shippod in vl cos, sk trucks (uilers), o drums, Rail vars
wed for shipping meneral msulating ol e wwally notused Lo
Shipping other poducts and ar more likely o be fre of
contaimination. Tank trucks may be uwsed I many different
produgts and e mone subed to contamination. Cil drums ane
mosl fien used (o shipping sndd) quantities, ALl shipping
containers, togethe with any wleadant punps and piping,
should be deaned prioe 1o lling with ol and should 1o
propedy sealed w0 protect the ofl during shipment
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AMEEICAN SOCICTY FON TESTING AND MATERALS
1916 Race 51. Praaceipha, Pa 103
Reproieg fom me Al Book of ASTH Stancaos. Copyrg ASTM
¥ bsied 0 De Current COmbned der. vl ADCON W I e w1

Dielectric Breakdown Voltage of Insulating Oils of Petroleum

Origin Using VDE Electrodes’

This standard is issued under the faed desigaation D 1816: the number imanediands fall

the vear of

ing the desy o ale

onginal sdoptian or, i the case of revision, the year of list revissan, A number in parentheses ischeaies the year of kst reapproval A
superscripl epailan (¢) indicates 3n rdiorial change since the last revision or respproval.

1. Scope

1.1 This test methed covers the determination of the
dielectric breakdown voltage of insulating oils of petroleum
origin. This test methad is applicable 1o liquid petroleum oils
commonly used in cables, transformers, oil circuit breakers,
and similar apparatus as an insulating @nd cooling medium.
The suitability of this 1est method for testing oils having
viscosities of more than 19 ¢St (mm?/s) (100 SUS) at 40°C
{104°F) has not been determined.

1.2 This test method is more sensitive 10 the deleterious
effects of moisturé in solution than is Tes Method D 877,
especially when cellulosic fibers are present in the oil, It has
been found 10 be especially useful in diagnostic and labora-
tory invesligations of the dielectric breakdown strength of oif
in insulating systems. .

1.3, This test method is recommended for testing filtered,
degassed, and dehydrated oil prior 1o and during the filling of
power systems apparatus rated above 230 kV, and for testing
samples of cil from the apparatus after filling. It is also find-
ing increased ussge for testing ouls from transformers in
service.

1.4 This test method is not recommended for, and should
not be used for, acceptance tests on ol received from
vendors-in tank cars, tank trucks, or drums,

1.5 Both the metnc and the alternative inch-pound units
are acceptable.

1.6 This stendard may invalve hazardous maierials, oper-
ations, and equipment. This standard does not purport to
address all of the safety problems associated with its use. It is
the responsibility the wuser of this standard 1o esiablish
appropriare safety and health practices and determine the
applicability of regulatory limitations prior lo use.

2. Referenced Documents

2.1 ASTM Standards:

D235 Specification for Mineral Spints (Petroleum Spirits)
(Hydrocarbon Dry-Cleaning Solvent)

D877 Test Method for Dielectric Breakdown Volage of
Insulating Liquids Using Disk Elecirodes® \

D923 Methods of Sampling Electrical Insulating Liguids®

" This 168 method i usder the jutisdiction of ASTM Comminiee D27 on
Elecercsl Insulating Liquids and Gases and is the disect respossibibiy of
Subcommitiee D27.05 on Elecirical Tess.

Current edition approved June 28, and July 27, 1984, Published Sepiember
1984, Originally published 55 D 1816 - 60 T, 158 peerious editson D 1816 - &2,

¥ Amrwol Buok of 4STAS Standards, Vol 06.03.

Y gnnnal Book of 45T Srandords. Vol 1H0.03.

* Availibie from the Instituse of Electrical and Elette¢nics Enpizerny. Inc,, 135
E. 47th §1,, New York, NY 10017,

2.2 JEEE Standard:
No. 4 Measurement of Voltage in Diclectric Test*

3. Significance and Use

3.1 The diclectric breakdown voltage of zn insulating
liquid is of importance as a measure of the liquid’s ability 10
withstand eleciric siress without failure, It serves 10 indicate
the presence of contaminating agents such as water, din,
moisture cellulosic fibers, or conducting particles in the
liquid, one or more of which may be present in significant
concentrations when low breakdown voltages are oblained.
However, a high dielectric breakdown voltage does not
necessarily indicate the absence of all contaminants; it may
merely indicate that the concentrations of contaminants that
are present in the Jiquid between 1he electrodes are not large
enough 1o deletenously affect the average breakdown voltage
of the liquid when tested by this test method (see Appendix
X1.)

4. Apparatus

4.1 Transformer—The desired test voltage may be most
readily obtained by a step-up transformer energized from a
variable low-voltage commergial power frequency source. To
reduce the Jikelihood of external flashover and 10 minimize
field distortion between the electrodes, a two-bushing. cen-
1er-1ap-grounded transformer is recommended. The trans-
former and controlling element shall be of such size and
design that. with the test specimen in the circuit, the crest
factor (ratio of maximum to mean effective) of the 60-Hz
1es1 vohiage shall differ by not more than £5 % from that of
a gnusoidal wave over the upper half of 1he range of 1es1
voltage The crest factor maybe checked by means of an
oscilloscope. @ spheregap, or a peak-reading voltmeter in
conjunction with an rms voltmeter. Where the wave form
cannot be determined conveniently, a transformer having a
rating of not less than % KVA a1 the usval breakdown
voltage shall be used. Transformers of larger kKVA capacity
mav be used, but en no case should the short-circuit current
in the specimen circunt be outside the range from | to 10
mA/KY of applied voliage. This limitation of cusvent mav be
accomplished by using a suitable exiernal series resistor or by
employing a transformer with sufficient inherent reactance.

4.2 Circuit-Interrupting Equipmeni—The test transformer
primary circuit shall be protected by an automalic circuit-
breaking device capable of opening in three cycles or less on
the current produced by breakdown of 1he fest specimen, or
up to five evcles if the short-circuit current as deseribed in
4.1 does not exceed 200 mA. The current-sensing element
that trips the circuit-breaker should operate when the speci-
men=<circuil current is in the range from 2 10 20 mA, A
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* piolonged flow of current at the ume of breakdown causes
carbonization of the liquid and pitting and héeating of the
clertrodes, and thereby increases the clectrode and 1est cell
maintenance, and time of testing.

4.1 Voltage-Control Equipment—The rate of voltage rse
shall be % kV/s = 20 %. The mie-ol-rise may be calculated
from messurements of the time nequired 10 raise the volage
betwesn two preseribed values. Voltage control may be
secured by 3 motor-driven varisble-muo-autotransformer,
Preference should be given 10 squipment having &n appros-
imate siraight-line valtage-time eurve aver the desired aper-
ating range, Motor drive is preferred 10 manual drive because
of the case of maintaining a reasonzbly uniform rate-
of-voltage rise with this test method. When motor driven
equipment is used, the speed control rheostat should be
calibrated in terms of rate-of-voltage rise for the test traps-
former used.

4.4 Volimeier—The wvoltage shall be measured by a
method that fulfills the requirements of [EEE Standard No.
4, giving rms values, preferably by means of!

4.4,] A vohmeter connecied 10 the sscondary of a sepa-
rate potential transformer, or

4.4.2 A voltmeter connected to a well-designed 1eniary
coil in the test transformer, ar

443 A vni:mmmnumd i the Jou-voltage side of the
testing transformer if the measurement crmor can be main-
tained within the limit specified in 4.5.

4.5 Accuracy—The combined accuracy of the voltmeter
and voliage divider circuit should be such that measurement
m:rlidm not exceed § % at the rate-ofvoluage rise specifisd
ind.3

5. Electrodes '

5.1 The electrodes shall be brass spherically-
capped  elecrodes of the DE {Verband Deutscher
Elektroiechniker, Specification 0370) tvpe having the dimen-
sions shown in Fig. ¥ They-shall be meunted with-axes
horizontal and coincident.

5.2 The test cell shall be designed 1o permit easy removal
of the electrodes far deaning and polishirg.

6. Test Cell

6.0 The test cell shall be approximately cubjcal. A cell
having a capacity of approximately 0,95 L, has been found 10
be satisfactory for an electrode spacing of 2 mm or 0,080 in.
A cell having a capacity of approximately 0.5 L has been
found to be satisfactory for an elecirode spacing of | mm or
0,040 in. Efecrrodes shall be mounied rigidiy from opposite
sides with the gap approximately cemered. Clearance from
all other sides and any pan of the stirming device shall be 22
least 13 mm (Vs in.) The test cell shall be provided with a
moor-driven two-bladed impeller messuring approximanely
35 mm (1% in.) between the blade exiremities, having &
pitch of Approximately 40 mm or 1.57 in. (blade angle of
approximately 20%), cperating at a speed between 200 and
300 rpm. The impelier, located below the lower edge of the
elecirodes, shall rofate in sach a direction that the resulung
liguid flow is directed downward agains the bonom of the
test cell. The test cell shall be made of 2 material of high
dielectric streagth, shall be insoluble in and unattacked by
any of 1he cleaning or test Fquids vsed, and shall be

S0 that the breakdown may be abserved,

4 MM RAD

36 MM DIA

e

13 MM

FiG. 1 VDE Electrode

‘nenabsorbent 1o moisture and the cleaning and text hiquids.
transparent mate-
nials are desirable, but not cssential. In order 1o preclude
‘stirring air with the sample, the cell should be provided with
& cover of that will effertively prevent 2ir from

' contacting the circulating liquid.

1 M-‘fﬂﬂ.m and Test Cell

1.1 Spacing—With the electrodes firmly locked jn posi-
tion, the electrodes shall be checked with 3 standand roend
gage for 2-mm or 0.080-in: spacing, when a voltage source of
a suitable rangs §s availabie, or for I-mm or 0.040-in. spacing
when (e test transformer voltzge limit is restricted 1o
spproximately 50 kY, Flat “go” and “no-go” pages may be
substituied having Thicknessed of the specified value 20.03
mm for clectrode spacings of | or 2 mm, or thicknesses of
the specified value 20.001 in, for spacings of 0.040 or {L.0B0
in, If it is mecessary 1o readjust the electrodes, they shall be
relocked, 2nd the spacing again checked.

1.2 Clegning—The electrodes and the ecll shall be wiped
clean with drv, lint-freg fissue paper, or a clean dry chamois.
It & imporant 1o avold touching the electrodes or the
cleaned gepe with the fingers or with portiens of the tissue
paper or chamaois that have been in contact with the hands,
After adjusiment of the gap spacing, the cell shall be rinsed
with a dry hydrocarbon solvent, such as kerosine or solvents
of Specification D 235, A low-boiling solvent should not be
used, as is r=pid evaporation may cool the cell, causing
motsture condensation. If this occurs, before using, the cell
should be slightly warmed 1o evaporate the moisture. Care
shall be taken 10 avoid touching the electrodes or the inside
of the cell afier cleaning. Afer thorough cleaning, the cell
shall be flushed with new, dry, filtered oil of the tvpe 10 be
tested (preferably degassed oil). A volage breakdown test
shall be made on 2 sample of this oil in the manner specified
in this test method, If the breakdown voltage is in the preper
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range for this conditioned od, the cell shall be considered as
properly prcpared for testing other samples. A lower than
anticipated value shall be congdered a5 evidence of cell
contamination, 2nd 1t shall agan be thoroughly cleaned, and
the breakdown test repeated with 8 clean dry oil.

1.3 Daily Use—At the beginning of each day's testing, the
tlectrodes shall be examined for pitting and carbon accumu-
lation, and the spacing checked. If the 160t of any sample i3
below the breakdown value being used by the operator 15 1
minimum satisfactory value, the cell shall be drained and
flushed with a good quality oil of the type being tesied before
lesting the neat sample. When nol in wse, the oell shall be
hept illed with good quaity il ofthe type normaly tested.

14 Polishing of Electrodes—When electrodes show slight
ciching, scraiching. pitting. of carbon accumulation, they
should be removed from the test cup and polished by buffing
with jeweler’s rouge using a soft cloth or soft bulling wherl.
The residue from the buifing should be removed by reptated
wiping with fini-free tiesue paper saturaied with 3 suilable
solvent (such a petrolewm ether), followed by solven! rinsing
or whrasonic cieaming. After cameful inspection, any elec
trodes from which pitti

contour and dimensions & #
lectrodes '
:m:rquﬁ% ﬁl? #‘“w“

muum»mmﬂmmumm
1est method. The sample shall be taken in o dry, clean bottle
which shall be tightly sealed a8d shiclded from Tight urit
ready 1o be tesied.

8.2 The diciectnc breakdown valtzge of hquids may be
serigusly impaired by the migraton of impurities throagh
the liquid, In crder that a representitive test specimen
containing the impurities may be obtained, the sample
container shall be gently imened and swirled several times
before filling the st cell. Rapid agiwion is undesirable,
since an excessive amount of air may be introduced into the
liguid. Immediaely afier agitation, a small portion of the
sample shall be used 10 rinse the test cell. The cell shall then
be filled slowly with the rematning portion of the sample,
There shall be an interval of at Jeast 3 min hetween filling
and application of vohage for the firn breakdown, and at
least )-min imervals before applications of voltage for
surcessive brezkidowns. Dunnmg these imervals and &t the
time voltage is being applied, the propefier hall be cirru-
lating the oil.

9. Test Temperature

9.1 The temperature of 1he semple when tested shall be
the same as 1hat of the room. but the room temperature shall
in no case be jess than J0°C (68'F). Testing liquids at
temperatutes lower than that of the room may give variable
and unsatisfactory resahs

10, Procedure
10,0 RatecfRise of Voliage—Apply the volige and ine

crease from zero at the rse of spproximanely Ve kV/s unul
breakdown occurs, as indicated by operation of the circuit
interrupting equipmeat; record the value, Occasions] mo-
mentary discharges may occur which do not result in
operation of the intermupting equipment; these shall be

10.2 When it is desired to determine the value of the
dielectric breakdown voliage of an oil, make five breakdowns
on one filling of the cup. Examine the five breakdowns for
staiistical consistency, and if they meet the critenion de-
seribed in 10.3, use their average 10 determine the diclecine
breakdown voltage of the sample. If they do not meet this
criterion, make five additional breakdowns on the sample,
and use the averape of all 1ea breakdowns a8 the diclectnic
breakdoun vohage of the sampie.

103 Criserion for Statisticel Consisiency:

1031 Caleulzse the mean and sandard deviation of the
five breakdowns as follows:

X, = mean of the five individual values,
;‘ ﬂhhtﬁh-nvduﬁ.nd

Jf the rasig s/ exceeds 0.1, it Is probable that the standard
ﬂmﬂh’ﬂuiﬁg = wms s excessive and therefore

16 also excesive.

Ahernative . the of the
u%mmﬂ ‘&“*%;:*
lfh viloe 55 Mm m@:m lowest

breakdown, it indicates that the standard deviation of the
h&ummmdmmnnbﬂmd'm
iveragt Valye, i extesive.

104 When it & desired menely 1o determine if the
dielecine strength. 15 3bove or helow 2 specified level, only
five breskdowns are requived, provided the five values ace all
above or all below this level. Otherwise, follow the procedure
described in 102,

11, Report

11,1 The report shall include the following:

11.1.1 The test method used,

11.1.2 I the number of tests are as specified in 10.2, the
volts (rms value) at each breakdown, and the average of all
breakdowns reported 10 the nearent | &V,

§1.1.3 If the st % made in sccordance with 10,4, the
1eport shall be mads in one of ibe foflowing ways:

11.0.3.0 “Pamsed™ if 2l of the five breakdowns were above
3 previously establshed valee,

11.1.3.2 ~Faled™ if 2l of the five beeakdowns were beiow
a previoushy established vakue,

1133 “Not less than the minimem of the five break-
downs™ if all were shove a previpusly established value, or

1.1.34 “Not geater than the maximum of the five
breakdowns™ if all were below a previously established value.

11.1.4 The approximate temperature of the oll at the time

* of the est, 2nd

[1.1.5 The electrode spacing.
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12. Precision and Bias
12.1 The precision of this test method has not been deter-
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mined. No statement can be made about the bias of this test
method because a standard reference matenal is not available.

APPENDIX

(Nonmandatory Information)

X1. OTHER FACTORS THAT AFFECT THE DIELECTRIC BREAKDOWN VOLTAGE OF
INSULATING LIQUIDS AT COMMERCIAL POWER FREQUENCIES

X1.1 The diclectric brezkdown volizge of a liquid at
commercial power frequencies is also affected by the degree
of uniformity of the electric field, the area of the electrodes or
volume of the liquid under maximum stress, the length of
time for which the liquid is under stress, the temperature of
the liquid (especially as it affects the relative saturation level
of moisture in solution), gassing tendencies of the hiquid
under the influence of electric stress, concentration of
dissolved gases (especially if saturation jevels are exceeded as
a result of sudden cooling or decrease in pressure, which may
cause the formation of gas bubbles), incompatibility with
materials of construction, and velocity of flow. A decrease in

dielectric strength of the liquid can have an accentuated
effect on the electric creepage strength of solid insulating
matenials immersed in the liquid.

X 1.2 Because of the separate, cumulative, and in some
cases, interacting effects of the influences listed above, the
average breakdown voitage of a liquid as determined by this
test method cannot be used for design purposes. Alternative
test procedures that may yield more meaningful indications
of the functional dielectric strength of a liquid are under
consideration (for example, a step-by-step method of ap-
plying voltage, and using the lowest rather than the averzge
value of breakdown voltage obtained in the prescribed
number of tests).

The Armevican Socily for Testing and Matecials iskig no postion respecting the vahaly of any psters nights AS3eTed 1o CoNMmCion
with any cam mentioned in Ifks standard. Usevs of thvs standard are oxprossiy advisad ths! datermiation of Ihe validey of any such
patect nghts, &nd the risk of infringement of such rigits, are entivaly tholr own respocsoity.

This standiard is SUtiect 10 revision at any 1ime by the rossonsible fechnizal commiies and must e faviewsd avery five years and
f ot revised, 60hev reapproVed of wihchawm. Your Commenes are inviod olther for revision of ihis standard or for sdditfona! standards

d to ASTM & Your

and should be ad

Tochnical commaies, which you may stond. I you fool thet your

wiV rocoive carekil considoration al & meoting of the responsidle

s hove not receeod a lsir hearing you showd make your

Wiows known 10 the ASTM Commdies on Standwds, 1918 Asce ST, Phiscelptin, PA 19103,
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comlent muy make @ dieleciric liguid unsuitable o some
elecirical applications due o detedoration of propemies sich as
e dielectnic breakdown voltage,

42 These leses are suitable for use in acceptance

specileations, in contmol of processing, and in evaluating the
comdition of diehectric liquids in serdce.

A Interforences

31 Compounids such as aldehydes, kétones, free halogens,
el ackls, and s ldizlog of reducing agenls may (netere
with coulometric Karl Fischer titrators, I a drifting end poim
i tiokedl. e allermative wlvent sysiem of another istdon
method i3 warmnted [0 this deifing end pont canno e
corrected, the water values should be regaded as suspect, A
det i bed ddbscussion ol interfering subyaunces can be found in
the treatise on aquametry, !

52 Snudies have dhown thet the water contenl ol an insi-
lating [icuic un’rh may e influenced significantly by the
ample cmininer” A sample may either gain o lose wiler on
doruge a0 ghiss container depending upon the il waler
comteal of the smple, the manner in which the container is
cleaned and dried and the lengih of swomge dme before
snalyais, I addinon sample hatles should ool e dried o
temperafure ia exceds of 110PC gnd shiuld be rinsed with the
liquid being lesiesd price 1o raking the les grecimen

53 iﬂwﬂ'“ readigs muy be :lﬂ%ﬂﬂ &W&m
o ol bed specimens @e ol ¥ sulvent
:;t stem om a Foutine hasis, wm nod mix thomughly
with the solvent s yatem this freventing the (ol walker cinient
of thui tesl gpecimen om being meisurcd ly, Stirring
subd be ot sich @ rate that as il Liyer will B8 form oo wop
of the resgent, 1T such an o) dayer dies Tom while ar che
insrenents, i st spesd, stop esing and remove
the ol layer M pecuenfe results crnonol be the
solut i should be s comlod,
54 Upag seting op of the tirabion vessel and sobven
sysem, he walls of fhe viration sessel Sl T waed vy

swirling the solvent systern solution ground in the vessel,

6. Apparafus

6.1 Chnbowet e Thrator eomsitliti 01 a detdelor elec trode,
Eneralr electrode, tation veeel, magrelic strer, md
cmitral uml

6.1 Detector Elverrodes—This electrode pir ampero-
metncally determines the end paint of fitration by measuing a
tharp change in Gell resistance.

6. 1.2 Gemenwior Elecirodes—This electrode pair performs
the cathnd be peductbon of odide, which allows the Karl Flaher
reactbon b take place. 0wy corsist of twe platimom mes bes
or wirss separated by 4 diaphragm within a glass assembly or
two platinen meshes o wiees nol separiled by o diapghrogn,

"Mkl 1 Jooand Smide D8, " <A Treadse on Mehods tor the
Dhwwrmrisat oo oo Waren, P 11 cihe Koel Tscha Reagoi,” 3nd el 1, Wiley md
Bom, b Nem Vi MY LBTT

* ederma, T, “Thewrminaion of Waigr in O by Karl Pischer Mo, Pay 11
(hm g m Yioiooe Comenr Dudgng Somge.” Amenvan Loberatory 70000, pa
050 1975

6.2 Titration Flask—The tiraion fask will be of syitahle
capacity and will be proected ayains stmosphenc mastme. A
bottom drain cock s desrable bul pan secessary [or femoy ing
relgents,

6.3 Anrrers—Means for agitstion duning titraion will con-
wisd of 4 magmetc sirer with 4 glas or TFE-fhomcarbon-
covered surring bar abaut 2 10 5 om long or appropr e to the
{uation vessel. The bar should be cleaned thomughly, rimed
with mthanol, driesd s us oves for [ h o LO0PC, aad stored in
1 desicontar until wed In a sealed system feceaning and
redrying fme nit necessry ke romine e,

64 Tramfer Svripes —Syringes shall be dsed of a asitable
sive Lo accammodaie insinemen mand aciurers’ recommenda-
ton of sunple st Syrnges oay be plass or plistic. Glass
swinges shall be desned and dried for 1 hat 100°C pricr 1o
e, Plastic sydoges shall be dsposad of following each
sanpie e,

6.5 Neadley—Needles thal e 1o be fined o the ransler
sytinges shal be lng enomugh lo inject samples directly below
e sinface of the Kad Ficher magent They should be of 4
large encugh gwuee to allow for easy manster of the sample,

fifi Reprmy, waed W0 ssal sample port, allowing the toiro-
duction of e specmens with & minimom anount o containi-
nation fmm atumosphenc mois e,

67 Sl Greerse—Ii the apparmus dees oo e @ gasket
scdl e 8 sealing s b seal the titeaton chamber agaitist
At heric moktun

68 Uryigg Ohen vaomm or @k cioubing.

68 Desiccator sandard bbsaaliry type with eolir change

Andicati

B 10 Amalvitoal Rekence. capable of welghing 1o = 0001 g

7. Reupenis

10 Puney of Regemis—Unbess otherwine  indicatedd, all
repgenis shall conform to the specilictions of the Committes
o Analyticl RBeagends ol the American Chemical Society,
where such specilications are availsble.”

2 Condomernc Kud Fischer Reapent, can be oblained
commercially. Refs 1o Asscy Al for infornulion on aller nd-
five solvent sviems,

T2 Amide Beapent, Frequently refermed o as vessel solp-
1 el

722 Cuthode Reapen). frecuiently refermed o oy generator
solution,

L Bropent Chemicsl, Amryoy Chmad Yoriely Spergicaniony. Amerian
Chemi @l Bocery Wednagws. 19 For mgpasns oo @ imany of migens nid
lsted by the Amencm Chemial Sodax v Aeelr Swadhnd for Loboratory
Chewirak, W Ll Pole, Terwes, U il 0 Tmied Seaies Plammar opels
ol Ml Foremu lary. LUK, Msrrseopesald Coavestion, e (LR Rockslle,
MDD,
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1.3 Viergcamion Sofutivns —VYer ificatiog solul lons e avill-
able commercially ® Yerification solutions may be formulaed
in-hiotse Tavm bong chain aloolols,

751 The mosture content of walker-ssurated octand is;

Winte rsaurai act 1-Ocincd 392 & 088 mgrel ol solution®

732 The waler-saluraied alochol cam be prepared by adding
deivmized wier 10 the aloohol (ACS reagent prade) & 25°C
such that the final mixfore consists of a two-phase sysien in
wihich the lower waler phase is at least 2 om high, Inisally, this
solution should be mixed thoroughly and allowed Lo sand o
ronn [emperatune for @ ket thred davs (o achieve complete
equilibmtion.

Motk 1—For e bedt acouracy e soluiod should noe be mived o
alerden after semding. Remenie e sample alwpeot o the wop plie and
lrajiect i i ad v o ibe pemaon cell. The of samirsion ol the
waler-<sammiad O] vans <1 % behween 10 and 300

T.A3 The response of the instrument shall be verified with |
i 2 b of wsler:, this can give 2 responee value of 0006 2000
g within the specilied preasion o the msininent.

K Safety Preonitions

B0 Pyradise wus (he onganic amine thsl wis ol @onally
ined (n Karl Fischer magents: however pyadine-loee formu-
Ranteiny aie powe avadlable commercally. Pyrdine dnee magems
frnie faster and are less onde, less oabomins, and miee siahle
ihan pyeidise iypess The reagents moy contiln patestiully
hatardous chemicals, spch as kodine, pmding sulf dioxide,
seihanal, chliridonn, eblornied hydrocar s, o abier o=
panic muenals. Wear chengoal resistane gloves »hen i s
the reagens il mﬁm T i be Gitrut ion dhairber;
Care must be exercised 0 o wmrecessary (nhalation of
reagent vapors o dinect convact of the wapenty with the slin pr

eyes. Following sccidental spillage, ik the affe ciod aea with.

copious ameuels of waler

Mo 2—Carsinlly el aad Folle r:r_ﬂmrq-sm.p_d‘r
Matertal Safers Data Shoet sbes ising ©anmeally avaikible regini

apmlerm,

9. Sampling

9.1 The pretcred mefiod v samplisg Tnailiiing Hauids s
Practice D92 I the o5t specimen 18 Choudy or containe (res
saier it ay be difficuh s obiain @ represenialive speamen,

W, Prepumiion of A pperatos

1001 Theroughly chéan and dey the toation vessel and Chen
rewsse mbile socond ing to the nunufucuer s recommes dulions,
Follow the instroctom provided In Aomes A2 for detadled
onatru o on cleaning.

10.2 Fill reagen] reservoin with appropridle magents ac-
cording o e ananulicienes s (Hroct om

F e nale wemcw of gipply of werticaion sisses. B3 KR8 od 104 155,
mrwn jo the amasibs 0 (hiv gee bthe Naeead Tominie ol Vesdsals ol
Techaolagy (NI Galtherstaeg. 80D XIS 5 v ow awrs of aisnaive
wpplivre plivss prostilo dhis dnsosrapon 1o ANTW loaemal snal el gueis
Wiar prnmeos will owive casied convllenelie s s meviny of he e
pchnienl g, which yw ey el

" RRM 2R Wein Remmred ) oGcmonl Cenicsin ol Aosfsis NI,
lnimerstarg, S5 25 Augoer [908

10N Turw e instrument on aned allow o stibillse,

L. Verification of Sysem Operution

1 "The accumcy of tirationol the irsmument and reagents
shall be wverified price (o Egiming of kesting by we of 2
suitable werification sdubion (see 7.5) comaining & known
quantity of owisture, It i desirable o venfy the sydem
opemtion using & solution that approximaies the sare range of
weater expecied 1o be in the samples. Verificaton solotons shall
be run with new reagents prioc o lesting F wrification
solution resals lie oolside porameters edablished by the
mamdactuwer for acceplable moisture coment of the solotion
reagents shall be changed and reverified.

1. Prcedure

121 Aler werifying the sysem is opemting properly all ow
the tnstitiment 1o redabile prioe 1o nse

2 Follkes the man fecnerer's nstrod kms for suegestied
specimen siae for an expecied range of motiiue coniem

123 Using an apynopriake syringe b meedle e 604 and
6.5 st be the s laling Masd 1o be eged . Frioe o sonpling,
rimse the wyrisge and necdle with the Dguid 1o be teged ane
time,

124 Determine the semple mass by differcnce o thiee
nwui'.uu: figures by weighing the e specimen before und

u b g wolu e of @ sumple
ﬁﬁhﬂmﬂﬁ

lesl fempemiure i determine

H..'i Rtngﬂ sohstions con be vaed ostil verlvacios sohs-

1iom s 0o o ted accuriely, See Section 1] for ingrod ions
om the use of verilicaton solutions,

13 Calonlation _

131 Meet canmeraally 2ailable colomeric Kad Fischer
st numents amommi il y cloulae the wakss content in ppm or
percent, LE nol. calewlate the amounl of waber i the smyple as
Tondlon s

Woaler Cone o, mgfkyg (ppm) = AR i
where;

A s ol waler g ) Uimstument eadoat), aid
B o= muss of fest specimen g

14. Report

14,1 Report the Tl owimg informt o

1411 Water content of the lest specimen in mg/kg (ppm)
romicked W ihe neansst integer

14,02 Sperple tdent | ot ol

14,03 Sampie temperanne when oolkectad, 5 nvailabsle,

15, Precision and Bias

151 Previvos
1511 The Tollowing amerls may be ped for udging
precision of e mesulis on sew and psal oils ar the 955
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probubiliy level. The precisios matements ke this ted method
were hased on 9 samples and 37 labocakries

15101 Repeatbilin—The difference betweon myulls ob-
iained by the same operator with the saiiic appamiis iinder
congnl operating conditions on idest lcal ted matertal, i the
lomg rum, would exceal 7 ppin, only | cise fn 20, i the (0 S0
kg (ppm) mnge

15,012 Reproductbilin<The difference betwesn 1wa
aingle und dndependent results obtained by diferes operaons
working fn different laboratores on dent ol 1ot el
thie borg mn, would exceee) 14 ppi, only | e in 20, in the
(i S0 mg'ke (ppm) range.

152 Fhar—The blas of the progedune in (s kst method Kie
measuring waker conbenl of electrical insulating M ds hus not
heen determined Fom the collaborative o kdsrainy rouml-
fobin shidy, since there & no suitahle sandanl ke which the
el waker comlient §s known

153 The typical method detesction Hout (ML an the 95 %
confidence fevel has been famd i be K ppn water lor the
mincral al ampes.

1% supporiing data have been filnd @ ASTW e s | Dleadgane ol me
b cbwabd by e aing Vowweh Bepeer RIGTOT. 9002

Sme 1 The MIDL is et o wn iho ol il iombin Covacons allol of &
webstance thal ca e iwemid mad eponad with 95 % conidence wing
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Appendix E: RESULT OF BREAKDOWN VOLTAGE TEST
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BREAKDOWN VOLTAGE (kV)
FO VO NS MS Bigger | MS Smaller
TEST pore pore size
size(1pum) (0.22pum)
1 6 8 22 8 16
2 7 8 28 9 19
3 6 8 22 9 21
4 7 7 26 10 17
5 6 10 26 10 23
6 6 8 20 8 18
7 7 8 21 6 20
8 8 11 26 ) 20
9 7 8 26 9 19
10 6 8 23 8 22
11 7 8 15 8 19
12 7 11 21 10 16
13 7 8 21 12, 15
14 8 8 17 9 20
15 8 8 23 12 19
16 8 11 23 10 14
17 8 8 26 10 18
18 7 8 21 8 20
19 8 8 23 11 19
20 8 8 20 10 20
21 8 9 24 8 19
22 7 9 21 14 16
23 7 11 18 8 16
24 6 9 19 10 16
25 9 9 20 10 17
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26 8 9 23 8 20
27 7 9 20 11 22
28 9 9 18 8 16
29 8 11 21 11 16
30 8 10 20 9 19
31 9 10 20 8 19
32 8 9 19 8 14
33 7 9 21 9 16
34 9 10 19 10 15
35 8 8 14 10 14
36 9 11 14 11 16
37 9 8 12 11 14
38 9 9 18 8 16
39 8 11 14 10 18
40 8 8 16 10 18
41 e 11 19 10 17
42 9 10 14 8 19
43 8 9 12 10 13
44 7 10 15 11 15
45 8 9 17 8 14
46 8 10 16 10 17
47 10 9 16 10 13
48 8 11 17 8 14
49 8 10 14 8 15
50 9 9 17 8 17

The Breakdown Voltage (BDV) of Fresh Oil (FO), Vacuum Oven (VO), Nitrogen
Saturated (NS), and Molecular Sieve (MS).




