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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 

(0.22µm) has a better result than VO and (MS) bigger pore size (1µm) 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 (0.22μm) mempunyai hasil 

yang lebih baik daripada saiz lubang VO dan (MS) yang lebih besar (1μm) 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 
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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. 
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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: 

 To compare the effectiveness of different techniques in reducing  moisture 

from mineral oil 

 To determine effect of molecular sieve on mineral oil  

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

oil. 
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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 (0.22µm) and bigger pore size (1µm) 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 
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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 
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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 is 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]. 
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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].  

 

Figure 2.2:  More detail location of insulating paper 

 

  

Paper 
covering the 
conductor 
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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].      
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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 (CO2), Freon (CCL2F2) and sulfur 

hexafluoride (SF6) 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 
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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 
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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 

Number 

TITLE  METHOD USE 

[2] S. Province, “Study on the 

Impact of Initial Moisture 

Contents on Insulation,” pp. 1–

4, 2016. 

 Four group oil-paper 

insulation samples were 

prepared with 1%, 2%, 3%, 

4% moisture content under 

laboratory condition. 

 After undergo ageing test, all 

four group were test with Karl 

Fischer to measure moisture 

content 

[13] A. A. Suleiman, N. A. 

Muhamad, N. Bashir, Y. Z. 

Arief, M. N. Abdul Rahman, 

and B. T. Phung, “Moisture 

effect on conductivity of kraft 

paper immersed in power 

 The moisture-in-oil samples 

were increased by 

0.01%(100ppm) 

,0.02%(200ppm),0.07%(700p

pm), 0.2%(2000ppm), 

0.3%(3000ppm). 
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transformer vegetable-based 

insulation oils,” IET Gener. 

Transm. Distrib., vol. 11, no. 9, 

pp. 2269–2274, 2017. 

 Karl Fisher Titration was used 

to measure the quantity of 

moisture in materials 

 

 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. 
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2.5 General Practice in Handling Moisture inside Transformer 

 

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 

1 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 

2 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 

insulation but oil temporary is at 

good condition after retro fill 

with risk of unchanged oil. The 

cost is only of outtake cost 

3 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 



16 
 

 
 

the dehydration unit. After some time the breakdown voltage 

will be lower.    

still remains due hidden behind 

good oil during process.  

4 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. 

5 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 

 
[15] 

 
J.Sabau et 
al (2010) 

 Study on Dielectric Dissipation Factor (DDF), Dissolved Gas 

Analysis (DGA) and Water Content of the oil before and after 

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” 

(DORMS). 

 Moisture content was measure using Karl Fisher Titration in 

unit part per million (ppm). 

o No reason is said for choosing a nitrogen 

gas 

o Electrical properties such as BDV of oil 

if not measure before and after moisture 

is being reduce or (DORMS) 

o No reason is said for heating oil until 

temperature for moisture removal 

system. 

o 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 

60ºC for the moisture removal system. 

 

o Electrical properties such as BDV of oil 

if not measure before and after moisture 

is being reduce. 

o No explanation about the heat oil the 

temperature for moisture removal system 

o 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 60ºC - 75ºC with 2.2% molecular sieve 

weightage. 

o No explanation about reaction between 

molecular sieve and transformer oil 

during moisture removal system 

o Only Jatropha Curcas Methyl Esther oil 

was experiment during the process no 

other transformer oil involves. 

o No explanation about the percentage for 

molecular sieves for moisture removal 

system  

o 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: 

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

 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 60ºC 

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 



20 
 

 
 

the ASTM D1533. For the BDV is ASTM D1816, with electrode type VDE or 

mushroom and 1mm gap are used.   
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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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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 

Preliminary 
Study 

Experimental 
Set-Up Testing Data Analysis 
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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 1mm 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 1mm 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 

measurement.  

 

 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 60ºC 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 70ºC 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.  

 

 

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 1µm and one with 

small pore 0.22 µm. 

 

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. 
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Figure 3.16: Sample mixing for one hour in room temperature 

4. After an hour, the sample is still at the magnetic stirrer but with temperature 

increased to 70ºC and being stir for 500rpm for another one hour.  

5. 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 
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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.  
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 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. 

  

 

Techniques 

Moisture Content (ppm) 

Test 

1 

Test 

2 

Test 

3 

Test 

4 

Test 

5 

Average 

Fresh Oil (FO) 46.3 49.4 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 10.9 5.8 7.76 

Molecular Sieves (MS) Bigger 

pore size(1µm) 

31.8 28.0 23.0 24.6 27.1 26.9 

Molecular Sieves (MS) Smaller 

pore size (0.22µm) 

12.0 11.6 10.4 10.3 15.3 11.92 
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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.   

 

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 60ºC during 

the process of heating. After heating, the mineral oil needed to be cooled down to 

room temperature (around 20ºC - 30ºC) 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 (0.22µm) and 
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then MS Bigger pore size (1µm). 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 1000m2/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 (0.22µm), MS 

Bigger pore size (1µm) 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 Reduced (%) =                             

        
     (4.1) 

 

Table 4.2: Moisture content reduction of mineral oil. 

Techniques Moisture Content 

(ppm) 

Percentage 

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 

size(1µm) 

26.9 38.78 

Molecular Sieves (MS) Smaller pore 

size (0.22µm) 

11.92 72.87 
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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.  

 

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 

(1µm) which have similar BDV of 9kV. The calculation is based on (4.2).    
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Enhancement (%) =                              

        
     (4.2) 

 

Table 4.3: Mineral Oil breakdown voltage with enhancement 

Samples  BDV (kV) Enhancement (%)  

Fresh Oil (FO) 8 

(Baseline) 

0.00  

Vacuum Oven  (VO) 9 12.5 

Nitrogen Saturated (NS) 20 150 

Molecular Sieves (MS) Bigger pore size(1µm) 9 12.5 

Molecular Sieves (MS) Smaller pore size (0.22µm) 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 1mm 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 (0.22µm), 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(1µm) shown in Table 4.4. The BDV differences of 

Molecular Sieves (MS) smaller pore size (0.22µm) 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(1µm) 

Molecular Sieves (MS) Smaller 

pore size (0.22µm) 

11.92 17 

 

      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.   

 

 

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.  
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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 (1µm) and the other part is Molecular Sieves (MS) smaller pore size 

(0.22µm). 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. 
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Ill\), Ill l~)1htcf1 ff; WI' •tm~ 

•'-' .intg .. lll 'l'l"""'• ln"•ld "'"" forCUIDjllc. 
lmllluwn mJ ll:flJ«•m• 
~-1 \Ulto1 WIDllJ<J~ umJll< •i>IW ...... • 1( 

~ _,._, " ' ... , , ........ "" '""""" ·~ l"l<.11q' 1/ 
1;11Jcw.itk et•t.J:nuaa1I.\. If '-'Kh tt••.1mtL1lh 11t po.t• 
..... ddidlV<IOl"C I\ 0:<1llfrll1,.Jcd lo ~K8 ibdl c1ht UI 
~lbcr lon:ta .... l 1•"9<'11<'\ 

u.l flulrklll Pr0ptrlk• 

>J 11 D,../«lr• /Jrt11l1!1wn IW11~•. Iii II· Th< d1dn. 
1n.: ht•"""• >c4LIJ< 111 • ud111·1• l ln"d.ih1j11•111~W.•IC\ lh 
abibt) to"'"" dtctrk•I """~'""'" II ilrMtr IA'q11,,.,,.., In 
e"'1ti..1 ..v.r.iu, 

\!2 11 D/tllo /fl' lltr11MoMH-HI~ fkr111odn Tiit 
\1111. ftlhoJ l1<1ol Mroh11d \llkltol 1, •<R~b\C _, 

.-.iJ.UllllllU, >U!Jh I I "'lier, (ii" hcd fl"'- \dlll"<' lil'rh, 
and W>.l><:n\C 19.rod<1 In ti! l'r!«<'hlS in,.•1a ldunns. 
deb~·~ .ud d"l'l'-'.,'I\. ~Ml1 Jt""'llllt lnC'Mt tht 

~...i.1 .. a llml:•h " ' ll1< •• 1 "'" r•n:1.i """"' a .. ••'''"' 
.... ~>CJ~· Wll<nl "~"''"""'"I'"'"'"'' 111 .. 11 ..... 
h' ~ llu l~ lf'll 1114 11 5 ._ rc~l'lllC'I> 1"' 11 '"" 

kQW. .... ~~ •• li'll\'"i"'"" r.b lt '"'IQJt' ·~ ·~· 
11aurir~Wl\IU'•11Y'1 llrlr 1 ~•·•ta-

X!.!2 DWlKlnt itr.u ... 1.a..,. ,_ n. • 
,. """t• d .... " '""'~ • chlrUI ....... 1 k 
l"""1c lrllhll .au;r ti nf IDliCllt U 1 • lrU. 

<11"'1<>1 h~• .. "" '"'""~' ..... ,, rt .. , ... , .....,= "9ll'fl 'l1lt f111.ia11~ fh""1l o. • •on'" 
- P 11111) al Mill>dr l"••dl 

~3 Dmi(l·"'" f,,,1.,- lh•..-111 141 f II'- I<. 
l<YI a a ou.wc •• di< dcla.tno. •• ,.... II oil ~ Noo 
~lt<k'rn•li.:n«h• tlck',1tklo.-.c\lll41i- lroel 
"' ~ (VllJnU&lll ~ 

~ ~ G1uoii,~r1r p"il' 1<n<k:nq ' ' • "'*"" 11<• 
llhll!!o1hu 11n>11"'u th< n1< ti ah.<TJ1l•n ~k••·" 1f 

k}lt•\'CI 1•0 11 ,., ''' th< nil u1Jo i""'"""' Lt"'""'' 
coadm ... b.ttll«"' blil~lt' !Ill 111C1111<. uin•aul\ ~I !Ir 
.. 1 

XU <.lorminl l'ropudr> 

Xl.lJ t>.rilj,t•m lnllibimr C1.i11" n1i..u1i.,n lm1b1tir 
aldtsl '' ml..,rol l1huil11lnll 1111 1t 1.1111, •h< h•m.llh> .~ nil 
111111&< ind ..,dlty un,l<r u~d;llw m1uilhm. l1I\111~•11111 I<• 
uo. ilGI O•hl.tltln lnhlhk1r hu.I \ i~t• 11ll1kJ l1llhrufhoJ tltt 
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wrnt• 2.l>OlcrtU')·blllyl p;lttH'l'e-;ol unrl 2.()-\lltcrtl'<Y b.1· 
ltlph<111I hli1< b..'tn r1l111d <Uil.'lble 1'1>r U:iO in 11; lllrhl 1n>ulal· 
i111oilll'llnfl)'lllli with thr\ lrt'<ilka1ion. h isnnLidl'•lcd u1n1 
alrr uxiibb1\n inhibuor> "ill bo ncu:pteil 

X2.:\l C11m1i/lt S11lj11r-Thc uhi;cn~• 11f de mental :.u iJIJr 
a..t lhcrnuUy n~olJlc \ulfur·l>:"ing co11purn<I' I~ n<C~'t'"'Y 
to r""'cnr Ill' toriu.ion <)f ~rl.'lln n"tDI' t t•il M OOp~ ltn(I 
dim in C:Wl•<I "irh th: 111h>orol tn1ulating 6il. 

X2 .)J lllittr Co111en/,-A low Wfd<r content ol "'"'"~ 
l1"1llt11Q! oll l• aetc:,.«ll)' 10 :whle•< adt(tUEde clrctticul 
..ir.n1oth •n.l low tliel..'<lri< kl» d rl '"CIC 1i\ tk\, to n""' ind "' I he 
ln.sdthfn sp~n1 Ille, iand hi mini rnitt ll'k:-tal co1ro\·h~n. 

X2.H NtutriJl/:.1JJN1n 1\!u.b.!r- A low l<ial orld conl<ot ul 
a 111l11:r"il l1.>11Ul1~ oil l\ o<!c0$slry 10 11dnl11dze ekt'll'ic<JI 
e<•n1hr lrlnaod lfl<IN corn1tj11114n1l 10 m1111l11dze tho lil'e ol' uie 
iftldllitn S)>l<nt 

X.:!.H Chidl.ll/m fobi/I~~ Tit cbvcltp111.:n1 doll \lud!;e 
.aJ ocally rou l11~ from oxiJatioo durl ng ,.()rl1!;". rrocc.\~ln~. 
Alli ~ ... ~-.~ llf< t l1<111ld b< lreid ~· 0 1111!·, 1111111\, 'J IJ, 
mhindn::s d~tri~I \11nth1tthu 1111J utlul cu l\)Sjlln, hi.I ,j. 

"""'' lmd•bon 1 )'IU•n life flndekL·fri cul lttakdown IU'COb'lh. 
ual r•~~ ~lti '-fa..i~ll') htJI tnl111ircr. lhc lindl 111>', \ubJc" 10 

urtWthl1ct \\'th 1~ I • ., dttcrnu td by 1"" MetbC\I~ 
lllll! ad 01H<t,hN ikhi<><l'-~ilt>. 

X23.6 Ftl'anlc Cun'l"•lftl. II"' Ide• nran, ill .Use" U>:. 
coll tAa1oe ol<!•Mhd1., lit an i110Jl.ttlon '>'"'"' The k:1d 1>1' 
I Ill>< cun~1iJ. n111>I bt •I•>< i,,1uw lbl l<1•b ~~11«1 in t,1Me 

I ''' "'''"• the"*·"'""' •• """"'" frr new !lit " "'" olJ i1<reJ. 
h n nk Cuup.xmds m l)lllally p(t fomd in lti:hly refined 
oil l:u1 m~ b.- rrc.....,11 doe10 •1ll1U111o:i11il1 [h< putJX>"" ti 
10 " "'"' *11.ur< ""l b aue ds1111rJ by Ill< ffbtl<< ~I tbe:;c; 
ronqJ>utd." 

XZ..l.7 PCB C1111ml-Mlllyr<cd•d00< lµ'cilypr~dunc• 
10 l't lullo•td for the ure .. J <l\ jl)>ll ti <lt<vlc:ii ll(lp:rr1111.1 
U•d el«ubl IL'UUiag l\Jtd• u111.r11l1g 1>rl..u• PC'B:, lp1ly· 
di k•iollltd ~oyls) " .. C\'k1t1- Th< rr««hre 111 he 11"cd 
l't>r op."1>.."Ulll'WFMl>or luc ort1,.,Ul1!: fluid l1 dclcrmlncd 
from ii. PCB ro~nl ~ rruncm iruulori11£ oil ot tl\' fl'r< 
CUl'tml by tin >i'<1'.Jfil'11dan ......U "'11 t1>rtrdnauy tl<lt\;lablt 
PClk A noo-<krewtk l'C8 CUl«rCnd.., 11~1'1ur<J hy fc;I 
Mr1h1J !).lo~~ tTill'l•let J.,,,,..,,,.b<n •~ Jl'rlllh tb: l11<1d 11-
l1'll ult 1nJ •fl)UllU\ c.nlilnh>; ii <1> be ""'d wltnM tlr 
hl>eh1µ. rocoollttpl1g, Jld dt'!'>...il rt>lrk10Jo rc~urcJ ~I 

f>t~ro~mg oiicriab. 

ll PETROU'.UM ~UR<'.l'S, RLFINING PROtES!-1.S, ANO S!IJl'l'L\lo l'O~"HL'lllRS 

X.1.1 1'<1Mwn S.>•rct.s-1Wncr1d litndalJn~ 1il1 nn: rrcl· 
••I} rtJrocd fr\1111 f'l't'don>nnnlly n:l[ilU1t 11 ic crude 1)i1S. i>JI· 
oJtlak <'fttlb llitd ncw refinJn1i t« hnolq;y 1111y I..: u,..,,1 111 
flltlvid< minced 111\ul.ltm~ (q I l1>r '"'In cltctrltnl np~\l'nlll\.A• 
..,,.. p:1rd,,11m "·"""''air d<lchµ:d IOI' U1i> 11 '1!, addifon~ 
t<'il> pu11tt.. ru llu: chcn .. llr) c•I thri.c oil> mny need ro he 
ikhocd 

IO.l t~.f,'t\il.ltt~Dt-tllJat.:, fJu111 rn1.I< ult, "14} 
h: rdll~J. hy '10M fT~S~~ 'iUCh I~ ~Ol \\:nl t'Xlr1c1·icn, 
dcn~lag, h)'11W<:llln3, hyl~~cnld,ln~, (.l' conbinutioo~ ul 
lhc1': 111<1l1Jd, IJ }kkl mli~tal ln, ill• tlni; Oii 111cctini: the 
ttqriltlftffls or 1~11 , pcclllatll)n 'I I\: i.<ncrlc p1ocm ~h~ulJ 

XJ J Shqym:g Ca:1;brll'- Mlrrral in.ultttmi oil " u.t11ll y 
,.i,i'r•'ll 11 roil <'.t:•. IDJl lrulb 11ndl•,.l, <t <tu~. Rull '"'' 
U'<!d ltnllt~n~ ••n<nl .... ,~~"".., UllilUy notu..,d rtr 
' hirr•rr olh<'T pv4ir1> Alli ""' mln: hltly •> Iii: r1t..: or 
Cl!ILJ1ri1JIJ<ll hal lrucL RIJ) ll< ll><d la 111.11y dilkrcnt 
pr'lili""' lllll u: "'""' lllbF<t l~wd.lmlnotlm. Oil .tun\s ill\! 
111t•\l «fttn w.!<l 1.- >hipping <Ill.Ill "'41ll~ All ihl~pl11~ 
ro11illacri., logdha w~ di) .a111odaa punp> uAll plpln .. 
•hll\lld Ile d<lll\d piir 10 tllU.. •ilh nl 1nJ ll1culd ll\ 
1>n'i)<Jly ..,.led lo> f'l*'Ct Ill< oil <lnl~ sl1pn~m. 

AS'tM tn•l'ilt.bml 1».,.~paJJfo/11 ll!p«!"' b val•lt1t1Dfl1'P*t1iTttr ~ •ct'N::rn • lft ":If tntt'9a'»d 
itf!M ~Wtdwd. U1or$ r!irtl •Oll!r.lfl 4!1 t .1p11t$:tfAdi/seC rtardW""1-.:11dJ1tio411Utd1f:r twt "'"" '9111 ttltdfltt&t 
t 'll'iil'tfplt.911f fJI $1(1t ~tiff, !Ill' *7~., .. lhll't OMI' l~f.iy, 

TI11.-tb'l'-*d1'$~11C1 ro '*".t»m atar.ym 0)- !!'It NfPM~ ~t•OO'!Wt•t.-id~Of •••«f ,._,,.,..,_. lltd 
""''~ ••w •wi>•doritt111'lctaiw.,. YoutW"llWJtia•»:illtd•m.! b •••1:1161ram1md0tbt~ ••'*• 
•//dlhQJ< • .'bf1CU••lld l:>ASTM lm01JJ11~00.i H""*tUilr'"'- ro.trt.oormn wil~"-' '91' cor:tc:--.:n ii•~~ rJP-• 
,.,_f8lC11fldWc:lll'~M111tt llllil/I >'W"*f drilt NyiW'• lltat JO'l'C011.-.i••·,.~ .,.,.,d• *"""•rsyoutlJi;."4 
l't"j\f YQ.t""'-• \;IWl'l'tl' IO l!JIJ.$1M Qum;in» (II Sta.rdUdl.. 01;111 flki!!f• ...,.., .. b•' 

!'IN *tlod1J<q>y1glil1CtOyAS1'M~"'"''"'"• 1008'• II•"" 0''& f0S0.CJ!1) --- Ill 11111•211t 
lmfld Slat• n:hitial rfPir.tl (t.ltV• or rmi~• r.u,,.) rl 11u ttnlrJ m.,.11t ca...: tr a:riill::'.*'f AS'TM iJ,. c:'4 

•-• "' " fl04SNllM ~"'"'1· 61o-tJll.~M "4><,l 111 -••m<ip ("""I/:•• '"~ 11» ~mt • lblf 
f11Ww.um.09) {;tfttriJJktl IGhtt fo phOloupy 11t• 11Mtd1f'J m,,Y ..-~ f«"tnd tov N Cti1t19'lt 0._, OMS Jl22 
~oodO'\r•. O.s;\f11,-IM Ot~j lit (f/1) 6444f#J;fltr;rJ.'•w.t»J.}i~ 
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prolonged fl~· or cvrm:it at lhc time~ brc:ikdo\\n ci:.:s..~ 
arbonizalion o( the bqold atJd piuill! >nd htooinS of the 
c:kctrodc:s. and thereby increases lht d:..1rode and ICSl \"tll 
maintcnanct. and time of toting. 

4.3 Vof/!Jlt-Conuol £1/:dpmt111-Th< rate of voll>l;e rile 
shall be 'n kV/s,. 20 $. Tlw 1>1<-of·ri>< may be cakub1;d 
from mcaiurcl11(nl> of Ille timt ,.quirtd 10 raise l~ 1'0lu'c 
~ween t'IA·a prescribed Vllues. Vol'.asc control m2y be 
s.ec:ured by a motor~""Cn "Wbk·ntio-a1.1totraMrormn. 
Prtfcrtnce .s.houid Ix gi\~Jl to arafpmrr.t having an app!V.l· 
imate Mralghl·liDc vol~ OJf\'t O\':t lhe desired Optt• 
atin; nnsc. ~fowr drive is prtfmcd lo manual drive bcca:.ise 
of the c:u<: of .Wniai•ing 1 rnsoMbly uniform ntt· 
or-voltJge rise v.11h this iai mt'lhod. \~ 'h~n motor dri\'c.A 
equipment is used, the speed control rhcMtal $hould ~ 
alibnted in tc/Jlll of ..ic-of.,"Olage ris: for the 1cs1 craos. 
former u!ed. 

4,-4 Vol1meter-The ""Otugt 5han ~ measured b)' a 
meibod Iha! fulfills th< toquirtmcr.tS of llEE Standard :>o. 
4, ghfog rms v:lloes. pttfmbly b)' _., or: 

4.4.1 A \•o!tmetef connecied io the secondary or a sct2-
r.ue potential tnosformcr. ar 

C.4.2 A \'Ohmcrer conn«ted to 1 "''ell-designed ttnf&I')' 
coll in the IC$l 1ran.sfcm:cr, Ot 

4.4.3 A vollmcttr conntctcd co !be lou-rolta~ si<ie or ill< 
testing transformer if !ht mwurtJ11en1 tlTOr can be mAiJi. 
tained within the limll sprd(.ed io t.S. 

4,S AMl•Ccy-The <Otllbin<d aa:urscy of Ilic voltmeter 
and v0Jta1e divider dmt.it should bt web I.hit me~u.remtnt 
mor does not exettd S S al the ntt-of.VC>)t.lge rise !.l)eclfted 
io 4.J. 

S. £Jtctrodcs 
SJ The electrO<lcs J!Jofl be pom.ilcd bra$$ sphcricollr· 

capped elttuod<s of cbc VDE (Vrrband DculSChc< 
Eltklrocechniker, Sl"<iri""'°" O);Q)t)"PC hoving the dimeo
!ioos shown in fl&. I. ~ wn be moun1<<1 wich ucs 
hori1onul ~nd coinddtnL 

S.2 The lest ccU~all be~ 10 P<rmit e>sy removal 
of the electrode$ (or dcaninc ud po&.iitg. 

6. Test C•ll 

6.1 The '"' all shall be -limatt!y cubical. A e<U 
havfog a capacity of apptoximJldy0.9S L has bc:en found 10 
be g1i1fac1ory for an dcruode >l"Ci11g of 2 mm or 0.080 in. 
A «II having • apocicy of IJ)lltt>xuna:<ly 0.S L has becn 
found 10 be: satisfactory lOf a.n d«tro:te !pacing 1>( J mm O• 

0.040 in. EltC1ro6n >h:ll be mounicd niidi)' from opposi1e 
sides "''ith tht sip 1wcairm.td)' ttn1e!'rd. Clcaran<"o from 
all other ~ide$ !lnd an) pan of lhc stirrins dc\ice shalJ be: at 
lt:a!I 13 mm ('h io.~ The test CCU lblll be provided •ill> I 
mo1or-dri,,cn tv.c>bladcd impdkr musuring approi1im:ntlY 
35 mm (I~ in.) btt"<en the bbde mr<micics, having a 
pi1ch of •pproximately 40 mm or I S7 in. (bl•de anl)e of 
1pproximalcly 20·~ operating 11 • q>tcd bet•<tn 200 and 
300 rpm. The imP<llcr. locaU>d below 1b< JO•oet edge of the 
electrodes, $haJI rowi1c in StJch a dirtction 1bat the rcsultini 
Liquid now js dircC1cd dol>'fl-d lglin~ the bouom or lh• 
lest ccU. The '"'' ctll "'111 be made of a material of hip 
di<lC(lriC Sllcnilh. shall be in!Oluble in and unanackcd by 
any of ~>e <leaning or te$1 1i4c;d1 Vl<d. and shall be 

4 MM RAO 

+ 

36 MM DIA 

25 MM

1
+ 

RAO 13 MMr 

oooallforbcl>110 moinure and tho deaning and IOI JiquidJ. 
So tb>t the ll<ta41own may be ot.<n-.d, uansparmt matc
nals ""' desirable, bul nol = oti.11. lo order IO p;tdudc 
aiJriog air "ith tbt sample. 1he coo sbould be prmiled •ith 
a C0"'1' Of btmt that wiU ~ffetth•dy pte\Ul air from 
conllClill& !be cimllatlng liquid. 

7. AdjuslEDCBt IUld C.re ol El<c1rooks ud Test C:.U 
7.1 SJliK'l!tl-Willl the eltcttO<ks linnJy locked io J>O<i· 

tioo, 1hc dc:ctmdcs shall be cbe<kcd •i•b a 5taoda:d !Ound 
- for z.,,,,. or O.OSO·in. sporing. wbco • •'Oli.gc ''"""' of 
a suil1ble talljt luvail•ble, or for I-mm or 0.04G-ia ll>!Cfog 
1,1.-ben the 1t$1 1ransformcr ''Otu£,e limit ~ rcsarictcJ to 
appro>:imatelY ~ kV. flat "go" and "no-So" pp:s llllY be 
"'bPihlltd huiog lb!rknt= of tbc 1pecifotd •-.hit :t0.03 
mm for dcd.rodc spo1tinp of I or l mm, or lhickl)e:S:StS of 
tliespcQfJCll >'&Jue ;t0.001 in. fo,.paciopofO.G<Oor O.OSO 
io. If it is llOCO$$ll)' to readjust tht <lecuodes, lllcy !llalJ be 
rdool:c4, ud lhc s;podng again ehockai 

7.2 Ci<anir.g-Tht eJC(trodcs aoo tile ccO sll&D llc ~il>Cd 
dean with dsy. lint-fret 1issue paper, Ot l dean dry cha.oc»s. 
It is imponant 10 avokJ touching the ckctnxlcs or the 
clan«! p;c ~ill! the fing<I'! or wi!h pOnions of tile lllwe 
Pill"' or chimoi! 1h11 bave been in C<lftlllCI wilh the h&!lds, 
After adjuruncnt of 1.he ;op spacing. the cdJ shall be rinl<d 
11r.ilb a dry b)'4.roc:art>on 50Jvcnt. $UC.has kcrosiiK « $Ohtna 
of Spocif1cttion D 23S. A low·boilioJ so11i:nl should DOI be 
used. as its 1"3pid evtpOration may cool the «ll. etusioc 
moisture condm12.tion. If chis ocrurs, btforc vsinc. the ctP 
mo..td be llisbtly wanned 10 mp0111< the maisturt. cue 
shaJl be takt'.O tO avoid touching lhe dectroda or lbe in:!.ide 
of the ttll •lkr cleanina, After 1hor0<1J)I d<anina, tilt ctll 
ll>all be Olllllcd •ilh new, dry, fillmd ool of tht type to be 
t-.1 (prtfmbly dt&a$$cd oil). A volute b~ .. "" 
shall be made on .,ample of thi• oil in lhc maun<t $p«ificd 
in this IOI method. lftl>c bn:akdown vo11qe ii in tilt picper 
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11ngc for lho1 C!lndlticntd oil lhc cd ll"~d be <o!Uldcrrd "' 
llfOPCl'l1 prcpzt<'d lor ICll••J Clhcr =pjn. A lo- tr 1hln 
Ulicipaltd '1lllc shall bt (Olllldtrn! 2S Nkn« o( Cdl 
con1aminatJ011. •l!d k Wll lpll be lhotoul)ily cltanld, and 
1hc brcaldo\<111«1 "l'Qlid •llh 1 clan dry ool 

7.3 DIJ1/y Use-Al !Ix tiesinaingol acll day'rnstina. 1he 
ttec1rodt$1ball bt wmintd for pitliniand c11bon mumu
lallon, and Ilic sp2ring dit'Cl<cd. If 1hc test or an)'l4mplcis 
below the boul.down 1-alut btint used by the opcnilor ~ a 
minimum iotisfacl«y '1lut, Ille cell ~'WI be df1incd and 
Oushcd v.ith a SQOd Qllltit) oil of lhc 1)1'( bcin& tt~ld before 
1e11inc the ntll iamplt. Wlocll nol in lllt, doc ttll shall be 
lepr filled ~itb IOCJd ~J oil d Ille Ill>( nonnally testtd. 

7.4 l'oltsfJ"l uf £/ta/tllfd-Wltu clcclrodcs show ~W.1 
dchon& smldli~ pittini. or ca:boo aa:umu41ion, th!y 
should be mllO'cd flOlll lh< 1<51 Cfl? ml polisbtd b) bllJ!ini 
..;th jc.da's ~using• >Oft doth or so'1 buffins • bccl. 
The midot frC!Cll tllt buJl4 sllo..id be rrlOO•'td b) ttpultd 
•ipin& •ith bct.fm: liuloc p111t1 Sat\1'11'd •nh a 111111blc 
solvent (Jllch as pe~ aha~ folloocd bysolwn1 rinsina 
or ullruonic clcanias. Afttt attful uupe<tion. any tl<C· 
uodes from •t.icb 1)11u.'S°"DOI be rt:no•ed by JiJ)lt buffing 
should be dil<Vdcd 01 rd"uush<d to !he onsinal tonicur and 
nnlsh, as more SC>ctt rtfinisblna -ld dtllroy the electrode 
con1our and d1111<n!ions s!lo• n in foa, I. Rcin!ti,11 1he 
electrodes in the ltSl c.p •nd ac1Ju11 !Pl(••& and clean in 
oocordane< •1th 7.1i.">d7 2 

8. Samplii>g 

8.1 A so.,p1. oftllt cd io he laiod WIOll be otr.aintd •nh 
1ppropra11 ASTM samp&'-1 ~"1. Oil samplin1 proc .. 
dwo m dcuiJcd i• Mtlbods 0923 Plruculu ttfmncc 
sbcvld be mode "' i!Jo pm! p:a1lllJDD sutnncn1 d 1his 
lf!I mttbod. ne =;:le sA>J be llitll 11 a diy. dw boillc 
•bicb slull be •11WY ...icd 'I.ad ~ldcd from li&)>1 uetil 
ready 10 be ttslfd. 

8.2 Tiit d~l«!111; hrt:W!.,.., ..O:U.et c( liquids Ill.I) be 
smol»ly imp111m "" tll< lflisnhOll ti '"'P•nliol lh~ugh 
th< loquJd. la cRlcr !Jal a ttimt:111t11t IC!I spcomen 
containini die impurilic1 m1y bt ob11incd, the samplt 
cootalntr shall be gcnlly in•tnod •nd s·•irltd sc•·oral iimes 
before fillin& tht ust cell. Rapid &jit.t1icn i1 und11imblc, 
since an meuile amount cf air llllY be 1ntrodured in10 lhc 
liquid. lmmldia1dy afttt "1i111icn, a mall ponion of 1he 
Sllmple sh.all be u;cd 10 nnsc lhc 1<>1 cell. The rtll sllaJJ 1htn 
be {~led 110 .. li •11h ti>< "'"'"'"'' ponion of the 11mplc. 
Thctt sll•O be ,. 1nt<r>-.I o/ a1 lrnl l min bcl•'l'fn fJllina 
and appllcalllln of •'Oll2$t ror 1ht fi111 bru~11. and 11 
Ian I-min in~~ btfort l!'PllCltODS or 1olllfC for 
sucmsi1t m~•doo'm. Dvnl'C Illa< onltl'iil and 11 1ht 
time •-cl• " !xlq :!;opllrd. !Ix prt-:>tkr lbll be orni
J.ung 1he Oil 

9. THI lt1119U1111ft 
9.1 The irn:;ieniu1t of !ht s:amplc •hen 1111«1 sl:all be 

the same as 11ti1 oCtht room. l!!!t ll:e roo:111emp1111urull11l 
In no me be l<1'I lhu :o'C (6S'n Tcsuna liquids Rt 
lcmpcmum lo-er 111>n 11-~t o(1he room mav Ji1e •ariablc 
and uwtiifa<iory ttll.lhs. 

JO, Procedure 
JO. I Ro1t-tJ{-RiJ1 c{ l'a/IQ.ft-~ppl) 1hr •olti£C Ud in· 

mu from mo" lk nit oh:ipro11nutdy Y: kY/s •nlll 
brul00.11 o«urs. n iadial<d "'° <>pcr>tion of lht l'ircui1-
11111rr11p11na <qcipm<tlr. rttOrd lhc ••lot. ~onal mo
menWJ' dildl>~ my cmor •hich do nol rn~h in 
opcr;tion ol !ht io;cm:ptlag cquipmtn1; lhtst sllilll be 
dilltpr«d. 

10.2 Wiien it is <klittd 10 c1<1cnnlnt 1hc 1·1luc of 1he 
dielectric bitakdo\<11 >dugc ol an oil. mike five breakdowns 
on one filling o( lhc: cup. Examine the fi•'< b1cokdo•n1 fer 
siatlsti<al consi11cocy, ud 1f they moc1 th• criterion dt• 
scnbid in IOJ. ""Iba a•~ IO dctcnninc the diclmric 
bruk®-11 1ol~ of thc Wlll!k If 1hcy do not mffi this 
aiu:noo, mke fiie addnioaal ~'!IS on the iamplc. 
Ind use tbc l\'CllJIC ol al ICll brtlkdo'a11s as the dicl«lri< 
brc~'ll 1o1U1cdtbc samplc. 

!OJ Cn;tril)ftp Sl.llltJJIUI (1JftjlJ1to()" 
IOJ.I Calcu!lx !he lll<2l2 ud sund&ld d!1111ioo o( Ilic 

6w brultdoo-.s as folloo>: 

~hcrt: 
X, • mcLi of the fi•< illdiYiduil! l'alues, 
X, • ith brtai..ro.11 'olllgt, aod 
s • ltl ndild dc1 ••I/Ori. 
lf the mio sJ.i'excccdl 0.1. i1 is l'/Oblbk lhat th• SOA.ndard 
dcvii1ioa o( the r.1t tmldo-111 ii t~ct1~•'< and lhmfooc 
lhat 1hc P'~ cmw oftlicil N•l&t is also mc1111·c. 

J0.3.2 .~&m.a11Tt Cn11r~l11e lhe ning<: or 1he 
""' bttalcdol-111 (rr.mmum brt:W!0"11 ''Olll&C minUJ min· 
om um brull!c ... ~~and ma.~.iply this 11nic by three. 
rr the 1a!oc"' OOuitd is pa:tr lhu Ille Dell to tbt ~ 
brw0o->11. .1 ~ 11a1 lhe IWldatd dcviltioa d 1he 
flit bcaidQo."5. w1 dlml'Glt. I.be probabk ciror o( tbtit 

"°*'~.-.. ~ 10 4 Wbc:i n ii desired l!!d'tty to lklttmine ;r th< 
dltltttnc s1:-:i:&lh is :llo\c er bt.ll'f< a specified lclel. only 
r.•tbttu~ ·s m rrqaoad, 1"01lo:J<41hc (lie "alues an: all 
•bc•e °'ill bc)olo; this k>d. ~; ... fellow 1ht prcccdur< 
dncribtd in 101. 

II. Rc~n 
I I. I Tiie rtpon Wll ifttiudt the followmc: 
I I. I . I The 1<SI m<thod used. 
11.1.l IF !lie 11Umbcr of ldlHrt &Hpecified in 10 2, the 

1·olu (11111 •aweJ 11 each brQl.00..a. and 1he 11tr1te or all 
bmkdo•ns ocponcd 10 the -<It I kV, 

I I.I J If :he 1<S1 is ll1lde 11 ktOrdlnce •ith 10.4, lhe 
tll>On sb!D be "'31!! iii OC>t d L'ic follovoini •1)\. 

111.3 I -p..,..r i! al of lk &le lim);do¥~1 "tn: &bolt 

s prt1!omly cnbli!bcd •1lot. 
11.1.ll "Fa:ltd'" i! a.I ti Ille {1\l brukdor.'111 "tit btlo., 

• P"'~ csuhll>l-.al 1'll-.e. 
1.1.ll ·xm less lha.1 !ht minim.,,, or the 61e brtak· 

dO•'OI" if aU •er< :Ibo.-. I pmiouiJy eSUbJUJ>cd >alUI, Or 
11.IJ.4 ·:-;01 g,1n:cr thin 1he muimum or 1he (Ive 

bmkdowm· 1r 111 &<11 bdc'A•a pit•iou~y cmblilhed "•lue. 
11.1.4 The •l!l>f0tin111c 1<mpm1uoc of1he oil at the time 

' of the le\I. and 
11.1.l Tht tlcctrOO< ll)ltlr,i. 
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('(iatc•t n11y maM=. "ta dic.k:tlrk li(l!lid u n.s1.1ilabh;:. f<r ~m-,! 
elo:&ri.;Al or ptltalk.111:..duc:. to tk.1&.'rlurilcluu 01' 1Jlb11c1tic.s f. ll!h i\i 
lhc Jic.b;tric. h&:D"~'""'" ... 011.'lJjlt;. 

4.2: Tbdc 1ests an: suuable l'()r we in aCC¢pt'tnCe 
~l"'-t~ ln c:oouul •II 111W ic1"$lfl,¥. tud in cw1.lut11.lng the 
a 1'uliti1n rl d.c:lccrrh: li<p1id~ in <;tr~tr. 

5. tnttrla~ 

s ' c~.- $1.lth a.~ i.J.d:hydc..$ . .kc.ton.:$, 11\'e balc~t°'l'IS. 
l tU!f atl.b. ntd °"IJl.tl1g o • rcducJn~ llS(' lll~ 11uy l11h~flb'~ 
11i ih NC1fomNk Kurt fiff::ha 1i1r~to-S. 111 ::1 dri l'ti n~ end l'\:Jilll 
Ii ~ .,.1 Aht•.tf~tl~t ~vt!n• l }'lle111 u r A110 1.her LI IJ~ lloo 

method i1 w1rnntr:d If 1hii Orillin~ end p\inl cunnr•I I~ 
CUT«trd. the W'JLCr ~a.JU~ .should ht: reg.u·d..:d R"> ~USJXCl. A 
ddWlrd dl""-'M~o ol l11tcrlcrt11a- :11Jb~lrn~·ti. Con b~ fou 11'1 l 11 
me trutnc on .:iq.ia.~cry.' 

S.2 Studb h.1\c .d1UW11 lha1 lh~ wuier ..:0 111 cn1 qi' trn lnat· 
bWJJ ·~iJ \11.J~&t! RIA)' be lnf1t.1<:JW\-'ci 'llii$nffi<:~HHJy hy lhe 
gm.I*- Q::nb.J.r~t.: A n naple uia~ either gain (r IC"ge wa\t.r '-'11 

~ ta u S(t LY 1..Y1111al1i:r \lq '\i.n1linQ UJ)(IH 1hc lnh ltJI wruo· 
OJ11tea1 o' the s:tnaplc., tbc nun nl.!I' I n whieh the contninc:r i~ 
t..:k.&MI anJ d'fttl llu<.l !ht lt 11'lh ii i '\IU1;igc 1Jinc bd~rc 
tnilysb. fn 1dlition. ~:anipk hn11eS <ihruld nf11 ~ (lricd 111 
tc~.iln: l1 t.lf:d.'s uf t tffCanO $ht.t1 Id be rin~cd w lll\ t.hc 
liqUIJ h:i•s; le<olN prkT IO Ii.I-kill~ I h\! h:N i-])t..'Cin.;n 

$_, fn~ l.YVr n.""JJtn~~ m1y he: lhl !! ini~d if prt:Vious 
epc:ll oU &Qil ~·lu~t& .rt nol rc110 Hrl lrom Lh\! :rr.ulvc11l 
')'"ICm " ·n a. rnutil'k' t't~i-.k Ellit;et>') <til mny n(')I mix th.-<iro1Jgl1ly 
tAi.th th! ~d\cri ~)~n t.hlh J)'C\t'lltl11g, I.he H:tal Wtilt f' rt'l'llc l\l 

vr lh.I ''"'' ~·n~• lrorn bc111~ lllCO\Ul'Cd rr\~"\'l'!y, S1ln l11g 
!'luu ld be gr (llt:h J. r-Jtc- lh:Jt a.11 1,Jll layer will jl()I lbnu 1.)11 top 
ot the rc.titt"DL tr ._u.,·h_ nn otl l.1yc_r dnui fvnu \\·hllc J I fhe 
inUnsni:m.i rnaxunum \t.i.m;.1· $'_fl!CJ . :;top ~:>ling and remmt' 
~ tti lt)l'L lt iat:t..'ll•lt rt~ult <i eari nol t" ~tiluca. Uw 
9lb it19 ~kl tx dl'\i;..TJ t d 

5A Ufo"• .t::rd1~ up nl lh t dlr:.ii io11 Ye!..'>el ~.od ,!'>lllltenl 
t.)' fCIR, lht '\rr4U' vr lbc titr:dJ--~ n 9c:si.d 1'\IH.\l IJ I);;, '4'1J.IC,1 tiy 
.. -.1rhnf the '$Cll•ent ~\tc1n "iOlutil..)n <1nmn:.I i 11 11-l; ve"'-<·L 

.. \ ppa """' 
6.1 G1W>•11t11'C 'filrW1Jt tUJ~lstlng oLJJ dC.ttci.ur dl:!l.' lJ\);.JI!, 

p:l9t:n t1..r c~l'U'Nc. uu•1u1eJ1 ve.'™=I. 111ae1tt.'lio , 1Jr11;r, w1d 
«tltrd U11L 

o.Ll fNJ«h11 £/,.t•(rr.dta-' rhh d1..•('lfndc p:ib· u111p:ru
~Uy ck:scrmin'.!.1' ttk! end p0in1 or 1HrtlliOn by rnc!l!S:uri ~ ll 
\h1up \.iu.n~ In cell raibl.i11~. 

c... I.? CnttrM'" FT't'lnN/1'.<i-Thi!t. elec1ro'~ pair ~rrt,mi~ 
tb~oOWic m h.nio1 ul loJ.ltM. \\1hkb Ull\)W.S Ult' Kw•l l7bl.11a' 
rea;1kin •• ,,.c ~~. II O\J) CCHit.l\ I of IWO j)lbli num m~I\:~ 

or 11o-11e!o scp.ualil'd tit a dapbragin w1Utin a p:l.1.Ss ll.Sw mhly o r 
i • o 1Jb..dnw1 n~l Y' v. l1t~ 1101 11<: 1.ut$l~ i.I hy II l.li 11.1:l11'1~H. 

• M•drd...1. Jc ui ~ha. D-~L-"Aqu:11rriry (I. .l ll!':llbc.oo Mohr..b1~ 1!te 
........... ,.,'""'"""' Ill lllt k'wl l1 1Cbl, l(1111n• t," ~nd , 11.. J. Wlltf 11111 
Sc&. W... ~~UL~~ l911. 
·r~.1 .,.,...,l'IN•l•;a ii 'llllillt In OP l"t !Cwl r 1<eb .. r Mal•r-d. p.,. I\ 

0.;. • \l.:ui"""- Ol•lll!al 011Gbt So:ing1."1 Amttfr'"1r Ldbiw(fftK) 11 ll.IJ. A>
.0 •~tt•1Sl 

62 Tu:tntion ,..?a.~Thc: •tr.~iba IU-<ik will be (If ~Jilohl~ 
capad ty and >A-'JJJ be JJUc:ICkd t l@JD5l "tmOl'Jikri.: ttlu \tlf\+, A 
bnll01n dr.1J1eoc-Lt-.d~cbu •·-' ~ l(1r rt;mo~ il11 
reageoo.;. 

6J ..\rftTtI.t-Mei.m ior agitadoo dm.1~ tltratiou y,111 co1.1· 

ti&i ul 4 uJ.iptk Miner- •tdl a rl4• or Trl!ktlt.oro.'.Arb10-
~'c:ret1 !."hning bar .abnu 2 10.S cm lent or •wrqxi 111~ h'> ll'l:. 
tiimuou ~d. Tbc bu •lu d d b< cltd.ncd tbun,~tll y. rll'bocd 
wi1h 1111..1h'J Ac>a, dried ii ua o~c• trr Ih a IC)CfC, ;iaJ ,;:ra c:d ln 
1 tbsicci u:r uml ustd. ln 11 sacakJ 1)5-lit.tn.. l'i:.'l'.ktnirig t ntl 
rcdf')'i•3 • .-c 1u IM.ilf..~Ol..._.y l• rnu111c u~. 

~~ Tmlfl)n ~""~"'~c;,.11p:, 11.tl be u...:<J •ll " wJ1ublc 
s h-r Lo "JcCilnm td1k 1nstnmC"r1 mm\j:ld.lRC'S' rtt..'.annrntla-
1Jein 01 Mln"f"c: ~. S)n~ n~y tc f:Li;i• or plibt.lc. Gill!.~ 
$~n~ duJJ b:- dt.urd :ind cb-d f<Y I h 21 IOO"C pior to 
u.c. 11.J""" >)d•#\ • luU h! l.hiu<cJ c>I (ulluwlng « •<h 
titlJlpk- u,c, 

6.S Jilf,(61i-Nctdlt:t. 1h111 iS<' CO bt filed hl I~ tr-;111~fcr 
S)nJ>~s Jibilt b: l (llg_<'nOJ(hlulnJ!t..1-run~ <k.re1..il) ~'™' 

I h: 11U!'f(I...--= i.Jt the KAii •f...:hc:r ~"Cnl l h:}' "''"'ukl IX:. of ll 
la-ge "''"~ p~ i.o alk\ll' ror e.li)' traasra- o t thcs.tmpl(.. 

61' .~tptwu. u.-....-d 10 F<otl ~ p<lft. o!hlwleg I.he iolro
~Ui..Urfl "' II:_~ 'l'ledn~n\ ~uh 'fDlnlrru:m .il.UIOOOI J COllil.Uli .. 

1\Atio.ln f1t1111 .atn1'bphtni: moasnrc:.. 

b.1 -~r.>llrtti: Citr.l.'i("--b ttr J fl'llRW$ dtrs nt.t ba ~ a ~kct 
.. cat UJt " 'liCa11ns M1'il~ .., !ICM mt: titntnun l!MJ11b;:r lt)).llth l 

31 rllQ~)Cllt nJOt'WO: 

6 .& IJn"b:J: OJ,n. Nacwm or ar cn-ut:lrtg. 

b 9 Ll~Jir<"Ufllf'. ~ad:.-d Lbr_.tr} l.:opc: w!'-h. C(ltrr chan~ 
lnJJt.'iJO 

1. ll<• !(l"llL• 

71 /~"'' ' oJ Ht'ua:n,u-l>n~ uUitf'*"t ln.lii.:Atu.l ttU 
rc-~gCll1!t !ohuJJ Ct'>llf..mtothc ~;lieli(.'llS ()f !he: C~\UU1lit!Ct' 
ou AnlJ)i.U.4' Ra~rU . .. rhr A nl!rh:an OiittuH.:al Sc...'kty, 
WhGr..: 'l>U.h ,.r-:dhcadan. 4.1~ 4\Nltbk.~ 

1.2 t"'r1ulnm11 TL.· Kati Fisfit-r &uJi'f'lfl \'.An b< ,,,.,,.,ineJ 
ron1rrac.ta1h·. Rdi:r- to Aue.\. Al fut lLIOr-nl'-IOn 0 11 Wti::r·n;i

th~ ~C'll\Cn l t)\ICR•. 

7.2. 1 .41rJde ltrctm tRqirnd)' l't'b'r«t il M ~csscl "Wlu-

'""'· 1.l .l (iJ1h1iJI. "'''A.•fZI. ft«~rll)' rek.:nUl k\ .lh J<l\.'rAb:•r 

sqlu.1.itl11 . 

b~.-111' ~ • .ttow-ra Cbrd _s,,...._.._I) If,qkM«"ff~ Ammlllll 
Ckf.1110.1 ~""" Wi.•.,. • Uf' re!f .. ,,..,., m • ••1111 ot m11111• 1uc 
Uudl 1'o!" Lbt Anlnoli Oieaal &.G.':IJ-. •• -.t.clll:, .~llti p L~4tilt) 

C..,,...4* hl~i I .tii., l\'tftr. f"""L tf J;;... af 91r IW'f'/ .ftdrJ ~"""""'"1 
:O.tNd.-1 F..-..,,l.i.& t~C'~-c.i-:._ b:. ll~Q. ki.A:Wllc! . 
~fl), 
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.tfill! 01 533 - 12 

l ) \~rifrtll,,l1t .\v/U/MJQ-\"c:rlfi1-1"ll .,I ,_1 •IUI l\ 1M .r e II\ nil .. 
.. Ne ..romrr~n:uilly." Vcrift...:aUvn ,\+hllkin\ 11'14)' be t(CTI~ l11 11.:d 
(n...,,ou~ tom k)J\1 c:luun -1:'Qh.)h •. 

7 .. 1 1 1-'hc '"''~lun: ctfl~ (,f watt:r·u1ur11ed (.)."ltn~f f<; 

W•.....wi.os.:1 •·Cbll!oCS.a aG.4~ f"9'dll. d ~~ 

7.).2 The V.i.i.t2'-~iluraed alrohol caa b:prqx,ll'ed t.,. a(.ld i 11~ 
dth•n ii'.cd w :l tr 10 lh~ ab.hol (ACS r~nt s:rfldc:I !II 25CC 
~·h 1hat tbt- u~J miJLltn con~ists or a two-ph~ sygco1 in 
-.idcb Ut lt'JWcr.,., ak'..r fllu:- i~ a l least 2 mi high,. rnitaally~ UU$ 
:solol ion f.hwld be ndxtd thorou~I} a.d allowed to~tuul ~• 

room lt:r.op<rWtrt: ror Ill ~ 1.hn :t' da~ to &Chi~'t'l!- oomplcte 
cqu.il.ibrntion. 

Nctri.. 1-f\M he bt.oll lk':t'UAI.") dh>: ~du'°'' ~!A.aid nOL be gil,od er 
.sh:ik'.11 Wl<:1 ~•B· Re:ir~~ ttt. t11111;1t allqi.cl ho1n 1ht q- ........,.~ a 11d 
Jt;l.'(1 ii Tn1tiwd •dy liltU I~ ~JlltiOU t\'11. 'Hit ~c.<- c.fsruuratUl ol' tl\l: 
... Wd'~flRL~ I .()c1111d l ¥~ <J 'l b<:IW«• 10 Ulld JIJ'C. 

7 .'.\.:\ The: ~onse of lb.- tn.!>l1·u1·uen1 ~J tie \reriRcd wiU1 I 
t.u 2 µL (f ,...ce thl1can ssvc 11 n.:s(;Ott..: vllltc l f I 0001(\2000 
Ml'. wilhl n th:: .l(X.dl'lcd J*d; lo1 a Llk ntstru111c1it. 

&. Si.Jrti P'rC'NUliUUlt 

8. I 1-')rrW.llc: Wl.L\ lh~ ~....,.1 11: u1nl1e cbu1 WI.IA 11uJf"1t1ulJy 
tbc<.I 111 K411 f•ltch::1 ~,.,_! howe\>l!L f')' •ic.Uuc .. lme- ~r111u .. 
l.ilh111 ~ lilt n1.• 1h11lll1.,.lc '-"-11u 1~ 1·i.."illll). 1•)rldl11e.f rtt tlt:'•i;,r.- 111 11 

thr1lt la 'i1e:r i nd 11~ le.\t ht\lt:. le~" ,,1c~1111.Q, , 111Hl 1ntt~ ti.Ut}lc 
chlln pyriJ1_. l)'Ptll. ril(: nr.~(;nt,. 11'U~ \'.'~l nluln prtctlh1llt 
t"tl11"t:l\'ll \.'~Jnlt.'.ti l \, \ U.h 1-. t..)CU nc, p;, n.tlnd. '4Ull1.1' dloi-.lde, 
1ne1J1.anci. \,hl1T 1.,i1ln u , chlulnilh,:d l\)t.ll\111.1lln11il. vr « llt:1 ,,.-.. 
flnlC lllUh:nal\' \Ve!ll 1,;henlt.:11 R!\flilld c_h•\oC¥ ~hen nd.d11" 
the l't'll£C-•i ml.f l\:lllL1'1' la~ .Clul iu11 f!"QJftthc l ilnuloa diinUtr, 
QJ'~ llHhl be exc1ti);(.'d l> a\uid m~':uy iril.lbJk.n lll 
~~en1 Vlpll"l \ r (lir~CJ. cmt.1ct ' '' Ilk' ra~nu1 will'\ th.- ..i.in ('r 
c)C.S. f=ollQ'lliD"' acd dc ra'&l ~Jla~. th.ah Uk: affcctc:d t.rf \\i lh 
C\l )i1>LL'> ttmrutb u l watcr 

!\oTI. 2.-Ckhdly l\: ll.1 .-.I fullaw ma..f111.~i~u ur.tta..."'11'4l' wi l.l. 
~b.taitil S':l.lln~ Dact ShM •la..u uiius; 1.•11uma\.':i1lll>- :iv;libllle! fCll£1.i11 
~)&Jl"lllll. 

'· Sampli"" 
9. 1 The Jn.ft:n'Cd nk'thoJ fl'I' ~anvh•f:fa."ll latiag tlcJJid.' i,. 

Pract:ke l>'I~\. 1J' I.he ~t spcci1n:.n Is ckludy or crlQbirh I l't'c 
.-a.1a. i l rna) bt-diilkuh I" ~'1l ialn a ~nseulitlh~ "'1"'!'1-l fl'l;!ll. 

l U. f•rtpYn1Uon or A~tw. 

10. I l'hO'OU(:hl,Y d ean tud di)' lbc btntimi \cS~ei a.nd 1licn 
rGrt!lt111b&c: ooi.'ttd illy, to lhc uunurt11..1wcr·i rewuun!aUIOn.\ , 
fo ll\1W the insttt.L: IJdl~ pfV\'Jd:(J iu Ann:~ A.2 ror dclAll\..'tl 
1rn.U'll.! lk'lt• u n ~tc::t'l11l 1 fR . 

I 0.2. rru fea.k\! lll l'CiC'nutD wilh Appttl1p1-U..lc ~ oc .. 
nt1ll 11~ h,l II~ u1111ul';h,1urd' 4 l 11 s1 ru~11aru. 

~ I hf, hllt_ •-u A( lllNllY , .. ,..m,. ·~·rn •.li.., M. KM 11:\hl ..U tcM -~/, 

"uwn 1<1 °"' ..,__.* •• llW •• M tl1< Nit~ l1111111111e \1r t .. Wh 10 1 
h1r:tm•l-OSY 11'1' I - l!li1h1;ul\wt-t !1411 l.)llW II'•• ·~ 11w1r ~ ,.._.lh'C 
-rJlllrn. f'4l- f'l•..WI.' tlli. ·~·· .. 11'1 "~' .. tl•111111llA•I , ........ "'•llM ti. 
\'1..- c14nfh" ... ._., l'l'u!l~ti ~~Ill n'fl'•~~nth• .i • n~11nv •''" ID(ill •"•tilti 
-=hfllc11I ro ~ 1111kh r• -.••mil, 

' Sl(b,t 111-.0 w.1r.r S11111-.ml A Oc111nr1I Cenat.till ul "'*•' NIS1 
o.wr.i..,r1. ~. :s "11r11u 1~ 

ll. Vcr1fkatkm of Syli.lem Opcrulloo 

t I .I ' 11ic&:cuccy o l litr:ttittn (II I l't' inr.sruncnLml(I rc.t~llli 
shaJJ I~ \Ulftt:d prln· to trii:1ru1 i1)j,1. d k.s-tin~ by we i'd u 
u:l111bl~ 'ft'ritiadon sd ut11in \rl 7 •. ~) CCd"Jinhl~ a bs(\Wll 
qua.iily pf lQllOblurc. h ts desirable W "i::riry thc- ,.)~t:m 
0~0tioU u~i.ng 4 iolutiOn dal approx.iln.511$ the $<1.U't: RlfW'I.!. of 
wa.tcrt!Xpec~to ~ i:n lhc.~pl~ Vedf11..<1tiun ~l)lution;.~U 

be run wilh ~ rea.~nts JTitr lO lesdng. lf' \CnficaliOn 
sokttion res.t~ U~ OULsidi: pl'G'afn;:tt:r;s c.srobli-:J1c:J b)' tbe. 
m.i.nul'ntu.rer i>r icce.p1ab&c moistu1c COnlt'nt of 1he ~uriol'l 
R"agcnlS shaU b: d \'Ulb'O:I 4td revenfted. 

l.2. r' n•crdun 

12. I AJ let ~rifyln,; lhe .,,~1u is qxntint: rrq'):.rly. 11l<W 
lht: mS.IJ\J 1 m1~• 10 l'C,'li.<it'i llttep-kl' It) U.:<. 

1!.l Fu lkM thi: 111n1W fwat1cr'" l 1:r.truukM1~ fur t.lCP.-.led 
\.f'."(j lll~H Um ftlf" till c.llp«ICd ,.,Ill!\! of WQl\ Ull'C- l.!Onticll... 

llJ Ustnr '" 1.1'fl1\'lprittc .,)'tlugc 1uw ~dis: (;« "'" • od 
I).~ s.nuplc the l•s.t kd ll•V fklJd 10 1'11.· !~:ltd ~li.1' to ~t'flll•i;t. 
r-1•~ lhc ~)rl:"1,C l111(1 nccJk w11h lhc l"auld I•' h( taiscd 11nc 
Un~ 

l l .4 Dti.:n1•nc U1e 11;iarn1~ 11111,-is bJ dlltc1~nt'C 10 thite 
•tPlllc11n1 ltai'rD> h) "''"'h'll 1hc 1c-a. 'iX'CilT~H hc.l\rc. tu1d 

after ln ie~i !..11.Ald'n:ui:I,). 1.1~1 u b~a \li.)lu flt of '1$U!('ll..: 
,.,,ho'C 1.le1.,..lry f• \.ro wn 111 tbc l~"' ic:.mrcmture I• ) d::ll:flnlrk! 
t in~1I..: 1.,i a:. 

I:! S Rc~c• o(llUli\lL• '211• be u~J u.thl V1.:rl 111.....Cb ..,bJ· 
' W..t n<i kHll.4 IC.4 <11.l.lln.it~I). See $~C'.UOa 11 fa lliUUCI ~n~ 
OQ the WC O( YfOllC.'llll':HI .,JUU.."llli. 

I .\. Calrubifion 

13. 1 ~1c5.I oann~rdail) a.\111hblc ca:tluuelTJC Kut A.sch?r 
lma nu1'k'-nl.li- .u1011ati Cl.U ) alrula~ 1hc WA.ltt" con1eru in 11"11 er 
pa't:l.!tll.. If art.. t.-aku l:ih:lhc aux'" "' of'•~cr ln the~e a.; 
ro~s. 

•h<r<: 
A a 1 n11~tt 11' w11.ie1-.. (pg) fins1Jtu1~nt ie1dw1). 11.nd 
8 • 11111.ss \.it .c~ ~r:,edrut•n. ~· 

.... .. h tp0r1 

l·t I kcPtJ'I thC' fCU !JIAiHC inl'l1r11~ttlon:. 
14 l , I Wate,r 1,."()r1lc n1 1)f the 11:!111 i>l)C'C:lrfCn In frljA.s 'J:tpnl} 

NlSKL'<:I l• I tb:. ttc.:111.!)l htlt.p:f 

1.- . 1.~ Stunp'e l~c 11!1 11 .... _.klt 
14 I.;'.\ Snnc>k 1c:n11>..r.itutt \\ llc11 C\llla..1cd. lf t1 ~nlf;ibtc . 

1.5. I'•~"'°" •nd tU"• 

I~. I Prtt'1."*'"'. 
1$ I, I 'rhr fot l~in&. alk:Oa lllll)' b= u~(I l'ur )ollJino 

('ll"rtil\ion tlf lot n:~ull.~ u• tcw <ind ~ " Hr. i:u lht 9".5 '/f; 
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fH.W.1117 l<""t n .. p..:bk11 ..,,<111<•• II• dll\ IOI n-..a 
'"'" ~.l>td on Q \lmplc> IJ\l .17 bt. .. -n:-

11 I .I .t krt.-okJ/orlW-:lbi d1hc1<~< ki..ffll """"' ...,_ 
1a1ned b)' 1he siun.'! c;i~ 1 11 1.1 v.-HIJ lit UJ11< •w•11.rth u.DlkT 
c.<•~il.1 1 ~crul lo~ co1d1LJL•11u. l!ll klt.11 k:.J le.-' ttlJltrW. aa dtt: 
111111 rur., w(u Id amtl 7 ppm.<l•ly I """' 11 21i illhe Q1n <ill 
111Jll'l.g (ppn1) mn~.:. 

I ~. 1.1.2 l<e11l'lxl11ct/11/l1V- I he dlll<r•••~ 1" """" ,,.., 
•l•Kld und lnd('Jl<nd"11t 1\Ntb ubtulaed hy dllbcll '~"""" 
W\1rldoa in difl'cn:nt lah,;ruirtlca.11~ 1Jtllll\1ll IOI 'll•acal it 
lit< ~liW ""' w11ukl <1>1<12: .. 1 14 pptu, '"'17 I tA< In )'.\ In lh< 
0 tll ~ 11tgllq: (ppul "Ill>"· 

I ~.2 n14,f-lb: bl.uul lllep~ltre 1nthll .... RO<Oho.\l a•r 
...... ll'inc ...... <U\l<Rl lJI cl<drlt.i ln>lllllllls n .... tuo . .. 
tw1 d<lmnilal hlltltllot'Ul~v.•n< ••a-W.1,..•) nu• 
1Jl11 'tud). \j1cx that l\ 10 ~v1\hlr ,..,.,4r.1 ~' .. hdt lhr 
cu.:-1 •.ski OO!ICDI ls Ll1l.M I\ 

I Sl Th< l)]!IC.lll m<Uoo() '""'wn '"'"' I \lilt.•"' l/rllS 
t."1.~fiJc:irc k\cl .ha~ h:cJ1 "1llkt '' h: ~ pp11 -.,ucr h:w cbt 
mln:r.1 aJ Wllf.ll'J 

''~w..miwi.taubu11 h-co Mid a.\S l t.t tit1ri. .. J•ll~•~f..,.,•di
!11 1i1t .. 111ittJ hy l'f~-~~J11g l'1~11th .. rut R~O?J Ji'11! 

"'.._ J-11.e MbLbdd•..a t, , .. •lht lfll1l 1111a11 <'-'lfk.Olt•'tl>of a 
Ui~*-c• ir11t-:••t1..S • -9 ttp1.lf\'\I ~•-ti;\,' lOffUA.t it.a• 
• "' . .......... ,At_ lhc. .... , .. ljfOl lill•~CfOdnCnll•1W tuifj fbri 
lt"(«d~ .... , ,, 19111 tt"Mlfll '" h!t-"t-.fh.•)1 l'~ ,,,. ... ~. ~ ttal ·-
.-.I QI ..... .,...,.,,_-«lilt llhl.1-11II111i.o1L1~l'f!lll / ""'k-"' 
~ 4-A ,,..., c4 ti\'.' MUI ~·• utl J1-.l" 11.J11.d l.111\lll:ll.;ty llU)' ~t: 

• tlll•td fu,..• 1M· trit1•1 11 " 1\·11U, 1111•'"" .~ i.';.m~Jl:10 11111l~Q 1,r • 
... Ji t ttUli.& lJ..:' fJ k..w.h\j C'(fi1Jll1n, II 

()) 

....... 
'"""•·tut.'' • qud;:n1'1: / Vllll(. h)rn I di llll.I a c'1niW:kru: 

l<"I ol ij~ 't • Id 
~ • '1lild.1Jd lk>l1tll•ll (>(N l'<JllOll< •11111~"-I. 

I le MDL '"'An lrLlhl•~"'I lo~JOliJf)' 114\y 1llllcr 111111 dr 
~IJX.. .J 8 •'\: l~l Clh'li•<~ h r 1111• "<IJ1l\Jllll .. YU~~ 

16. "'""'"'' 
10.1 ,<11...,do k NII h.d1a tlNluo. t1cc "'"a: "3-1 

I '"""' 111<lbclCI. Ml I l>clrr """'"'' ""I""",~....,~ V1ha11 
'CR6ClJbUJ dLCICWl\, ,..tt t•11k1-

1<JIL.s.1-'-1 ""'0 I.. M...N:r.H, I), VHtie, !l.f\, tidU...ui. w, I.. 
1nA ~--Ir \\i.i.-.. --.., Mt1....-.16Jl.trl.-.,.-i111 ;.nv ... \W Ii. 
fP. l«li IC\\ ll"tll 

1 .......... 

~~~~~.u \I ll'I" TI' r ~\L'\TS'ISlDI'\ 
A I I S.m: h1~ •1..,.U).,OI 1 eQ l "'" Al.) U •• &11<1'1!101< u l - mi<'111 I• ""'d munonclW <.r 

p'C Clf\l~Qs, Vi.I.er Y.lktt:' •lrt 1euiat Y .,1,1,tf~ •ih tltlMl Qllk.t.bi• 4ln.L. 111\1._. b· U\111.k hcl1n: 41'll 4fttt d~ 
chlt. 10.1 ntt1"'d. ~tuJJ of lh:.'-C' ~irlMt'l'" b-,..'t"«, 11•) fio ~~cl &ht 1~1 \pl'(lat-n 11 U ·r•a~nt (.SIJ9'11lli>ndncrcp-. 

l,IWl<'<Jnt by di<""' <f 1lltTUIUW' ,t. h<IS"":°'"''".!.'"'(.""'°~~ "'"°""»< Wal th<.n:ll- 41l'VIJ I"' 11.'11'fJ<d 1" "'~ 

A I J II itprlbk1u ••h c:1rti1ou' ••n-• *' •atNi • tl•rott, 
4-f" j .. ~'i\C\l~, d-iccl. llir l•t.i.11.B11tll t"'-1h.l~•J ~J1rt Jtd 
• l f<r 1hc Jum.JiLtioll ol a lb)\.~•'d t.-1•~ hllti< I( ,A110!•• 
lion dhCl\:-Jllllci~ aft nok:d. 011: +,\~"'-·fll ll.~ .-.m \ r- chic '~i 
<:1l'ilb) lll' tho ncth\\I "'"!P<"' •• d cl11111!1•S ul thc~>cll 
lli)i:JC.111 ti'Olh U nlclhJli\Jl·\'hkt'l'll'tJtlU \)'M~lll lrl 11 tlf.~ ~JN. 
111"1/J IC SOivent $Yilt.lll p1nl\'1hly I\ i11dkN«L 

A 1..1 f'('f u:nain high ~ICl<lt} l~h. tll< •~lllh•HI 1 1(111 
u~'lccula- wc:ighl. h)Jn't'ttt\.11 'll>hnt. 'llith ~ h'll'J•e « 
l!lt" ""· l! 111< tit"""'' .,,..,1 h.b 11«11 fo1tiJ l! II< >1fl.lhlc 

A 1.4 R• dir"'lll)hill<t«~ 1 LI u11t .i wl 11\Lllcr 
lfrc<nt Old roonuni<k ft<th< tilt Ill•,. ~.,....,, Ml 1"«11 I·•• 
to he t.ur.ltllr:. 

A I h r.:. ddcnnhc th< lo;<Ul9 ••• mc1h1i1 .. 1.,,, I.Iii ng ID 
Allcmiu~ ,..j\tti ') lC-'111. ~ \.111;~lnl'n\ ot t u1wn ~·o11cr 

<u•ltll -hiAJJd b< • •lly.<oJ ff .111:h 111111>1<> ll't' nut o•a11.11iic, 
oJn1nttd1I J.l~J>d1rd{ ,. - Wll lCl"'ilHl!llt.!d Pclllll\ll'i <il'K?uld tr 
u'JL'd 1o ~~•~ tJ.c re~1\J 1ee of 1Jl~ hb u111fc.111, 

Al 1 8"'°""' or 1hc wll~ " " kty ul li•t1l11 ll11~ llqiitl, • ad "°''""• .l)".4.an.~ 1n11.~-,ic. ~1 r1 cd~iun uild l~u• Jilult.cr:t:nt t... ... 

r-iit"« fcr 111c!< nl>1(i t1 "" km 
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Appendix E: RESULT OF BREAKDOWN VOLTAGE TEST 

 

 

 

TEST 

BREAKDOWN VOLTAGE (kV) 

 

FO 

 

VO 

 

NS 

 

MS Bigger 

pore 

size(1µm) 

 

MS Smaller 

pore size 

(0.22µm) 

 
 

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 9 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 



66 
 

 
 

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 9 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).  

 


