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Abstract: Assistance to equipment manufacturers and service companies to evaluate the suitability 
of unused natural ester insulating liquids being received from suppliers is provided in this guide. 
Information for transformer operators in evaluating and maintaining natural ester insulating liquids 
in serviceable condition is also provided.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These notices 
and disclaimers, or a reference to this page, appear in all standards and may be found under the heading 
“Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be obtained on 
request from IEEE or viewed at http://​standards​.ieee​.org/​IPR/​disclaimers​.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards 
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, 
are developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards 
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a consensus 
development process, approved by the American National Standards Institute (“ANSI”), which brings 
together volunteers representing varied viewpoints and interests to achieve the final product. IEEE Standards 
are documents developed through scientific, academic, and industry-based technical working groups. 
Volunteers in IEEE working groups are not necessarily members of the Institute and participate without 
compensation from IEEE. While IEEE administers the process and establishes rules to promote fairness in the 
consensus development process, IEEE does not independently evaluate, test, or verify the accuracy of any of 
the information or the soundness of any judgments contained in its standards.

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure 
against interference with or from other devices or networks. Implementers and users of IEEE Standards 
documents are responsible for determining and complying with all appropriate safety, security, environmental, 
health, and interference protection practices and all applicable laws and regulations.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and 
expressly disclaims all warranties (express, implied and statutory) not included in this or any other document 
relating to the standard, including, but not limited to, the warranties of: merchantability; fitness for a particular 
purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness of material. In 
addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. IEEE standards 
documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there 
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to 
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and 
issued is subject to change brought about through developments in the state of the art and comments received 
from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other 
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any 
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his or 
her own independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate, 
seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: 
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; 
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, 
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR 
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE 
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND 
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event that 
an IEEE standard is translated, only the English version published by IEEE should be considered the approved 
IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations 
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall 
not be considered to be, or be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, or 
educational courses, an individual presenting information on IEEE standards shall make it clear that his or her 
views should be considered the personal views of that individual rather than the formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless 
of membership affiliation with IEEE. However, IEEE does not provide consulting information or advice 
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a 
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a 
consensus of concerned interests, it is important that any responses to comments and questions also receive 
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and Standards 
Coordinating Committees are not able to provide an instant response to comments or questions except in 
those cases where the matter has previously been addressed. For the same reason, IEEE does not respond to 
interpretation requests. Any person who would like to participate in revisions to an IEEE standard is welcome 
to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854  USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with 
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory 
requirements. Implementers of the standard are responsible for observing or referring to the applicable 
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in 
compliance with applicable laws, and these documents may not be construed as doing so

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws. They 
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include 
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the 
promotion of engineering practices and methods. By making these documents available for use and adoption 
by public authorities and private users, IEEE does not waive any rights in copyright to the documents.
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to photocopy 
portions of any individual standard for company or organizational internal use or individual, non-commercial 
use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center, Customer 
Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions 
of any individual standard for educational classroom use can also be obtained through the Copyright Clearance 
Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time 
by the issuance of new editions or may be amended from time to time through the issuance of amendments, 
corrigenda, or errata. A current IEEE document at any point in time consists of the current edition of the 
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years old 
and has not undergone a revision process, it is reasonable to conclude that its contents, although still of some 
value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have 
the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended 
through the issuance of amendments, corrigenda, or errata, visit the IEEE Xplore at http://​ieeexplore​.ieee​.org/​ 
or contact IEEE at the address listed previously. For more information about the IEEE-SA or IEEE’s standards 
development process, visit the IEEE-SA Website at http://​standards​.ieee​.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL: http://​
standards​.ieee​.org/​findstds/​errata/​index​.html. Users are encouraged to check this URL for errata periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter 
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the 
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has 
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE-
SA Website at http://​standards​.ieee​.org/​about/​sasb/​patcom/​patents​.html. Letters of Assurance may indicate 
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation 
or under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair 
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not 
responsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries 
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions 
provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are 
reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the 
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility. 
Further information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std C57.147-2018, IEEE Guide for Acceptance and Maintenance of Natural Ester 
Insulating Liquid in Transformers.

This guide was prepared by the Insulating Fluids Subcommittee of the Transformers Committee of the IEEE 
Power and Energy Society. The purpose of this guide is to identify standards for acceptance and maintenance 
of natural ester insulating liquid in transformers. This guide is the first revision of the initial guide published 
in 2008. Overall, the guide was substantially updated to include the current state of the art for natural ester 
insulating liquids.

This revision includes updates to follow the current IEEE SA policies, style, and terms appropriate for 
a Guide. In this revision, where appropriate, the term “fluid” has been replaced with “liquid” to be more 
descriptive of the application and for consistency of terminology within C57 transformer standards. The 
normative references have been updated and expanded. Based on available data from testing samples from 
operating transformers, the normative and informative information on limits for continued service have been 
expanded. The bibliography has been expanded to provide additional background for the user. Two additional 
informative annexes were added: Annex C provides discussion on fire safety, environmental and sustainability 
factors of natural ester insulating liquids; Annex D discusses considerations when applying natural esters to 
load tap changers (LTCs).
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Proceedings of the IEEE IAS/PCA Cement Industry Technical Conference, Dallas, TX, USA, May 2003 [B35].

Table C.1 was reprinted with permission from CIGRE Technical Brochure 436, Experiences in service with 
new insulating liquids, © 2010 [B9].
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IEEE Guide for Acceptance and Maintenance of Natural Ester Insulating 

Liquid Fluids in Transformers 

IMPORTANT NOTICE: This standard is not intended to assure safety, security, health, or environmental 

protection in all circumstances. Implementers of the standard are responsible for determining appropriate 

safety, security, environmental, and health practices or regulatory requirements. 

This IEEE document is made available for use subject to important notices and legal disclaimers. These notices 

and disclaimers appear in all publications containing this document and may be found under the heading  

“Important Notice” or “Important Notices and Disclaimers Concerning IEEE Documents.” They can also be 

obtained on request f rom IEEE or viewed at http://standards.ieee.org/IPR/ disclaimers.html. 

1. Overview 

1.1 Scope 

This guide recommends tests and evaluation procedures, as well as criteria and methods of 

maintenance, for natural ester-based (e.g., vegetable oil) transformer  insulating liquids, fluids. 

These base fluids are also known as vegetable seed oils. Methods of reconditioning, field 

applications, and diagnostics of natural ester-based insulating liquids fluids are also described 

Where instructions given by the transformer or fluid manufacturer differ from those given in this 

guide, the manufacturer’s instructions are to be given preference. 
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1.2 Purpose 

This guide recommends standard tests and evaluation procedures There is growing interest in and 

usage of natural ester insulating liquids dielectric coolants for transformer applications. These fluids 

are currently being used in the range of small application in distribution class transformers to 

medium and power transformers. They are  and other liquid-filled electrical equipment. Natural 

ester insulating liquids are also being applied in new equipment and for retrofilling existing 

equipment It is important that a guide be developed to assist the transformer operator in 

maintaining the fluid in serviceable condition. This guide, therefore, recommends standard tests and 

evaluation procedures liquid-filled equipment. This guide provides recommendations for new and 

retrofill field applications including: field testing of equipment filled with natural ester insulating 

liquids, methods of reconditioning and reclaiming natural ester fluids insulating liquids, and the 

analysis results at which reprocessing becomes or replacement of the insulating liquid is necessary. 

It will also address the routines for restoring resistance to oxidation, where desired, by the addition 

of inhibitors. 

1.3 System design 

The reliable performance of natural ester liquids fluids in an insulation system depends upon certain 

basic liquid fluid characteristics that can affect overall apparatus characteristics. Such liquid fluid 

characteristics are integral to equipment design for which the manufacturer should have final 

responsibility. The reliable operation of the equipment in service, for which the transformer operator 

should have final responsibility, also depends on maintaining certain basic liquid fluid 

characteristics. Adherence to the recommended liquid fluid characteristics can will assist in 

obtaining the desired equipment characteristics. Other tests or verification of the integrity of the 

insulation system may be necessary. 
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The essential properties of insulating liquids fluids used in transformers should must be maintained 

if the liquid fluid is to perform its multiple roles as an electrical insulation insulating and a heat 

transfer agent. It should must have adequate dielectric strength to withstand the normal range of 

electric stresses imposed in service. It should must have a certain combination of thermal 

conductivity, specific heat, and viscosity so that its ability to transfer heat is sufficient for the 

particular equipment. It should must have a sufficiently high flash point and fire point to meet 

safety requirements. The natural ester liquid fluid should not be allowed to become so deteriorated 

or contaminated that it adversely affects other materials in the apparatus. 

1.4 Background information on mixtures of natural ester liquids with 

other dielectric liquids 

Mineral Oil Insulating Liquids: Natural ester insulating liquids are typically miscible and compatible 

with mineral oil insulating liquids, as well as with halogenated hydrocarbon insulating liquids. 

Mixing unused insulating natural esters with mineral oil may or may not significantly impact their 

typical property values or impact performance. For the property values that do change, the change 

may or may not be proportional to the ratio of the content of the liquids. See B.3 for additional 

details. 

NOTE—If the purpose of using a natural ester fluid liquid is to comply with Article 450-.23 of the 

National Electrical Code® (NEC®) (NFPA 70)®, 2017 Edition), (for example, to use a transformer 

indoors without a vault), it is required that article requires that less -flammable transformer liquids 

have an ASTM D92 fire point of not less than 300 °C and that the installation complies with all 

restrictions provided for in the product listing of the fluid (see Article 100 of the NEC) liquid (see 

Article 100 of the 2017 NEC).1 Also, too much mineral oil contamination in a natural ester may 

impact meeting the requirements of the National Electrical Safety Code® (NESC®) (Accredited 

Standards Committee C2). Contact the natural ester manufacturer to determine the maximum 

mineral oil content range to prevent the open cup fire point from dropping below the 300C 

minimum requirement. Typically a maximum of 7% mineral oil contamination is acceptable.2 
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Natural ester fluids are miscible and compatible with hydrocarbon, as well as with halogenated 

hydrocarbon insulating liquids. Mixing with conventional transformer oil of petroleum origin will 

lower the flash point and can lower the fire point of the natural ester fluid. If the fire point (ASTM 

D92) of the contaminated natural ester fluid is less than 300 °C, the transformer will not meet the 

requirements of Article 450-23 of the NEC. In general, key properties values of mixtures of mineral 

oil and natural ester- based dielectric fluids are relative to the ratio of the mixture. (See B.5 for 

examples.) 

Less and Non-Flammable Insulating Liquids: Although in many cases different types of less-

flammable liquids fluids [e.g., synthetic esters, synthetic hydrocarbons, and high molecular weight 

hydrocarbons (HMWHs)] are miscible, such mixtures should generally be avoided in transformers 

and fluid processing equipment. Silicone oils are not miscible with natural esters or HMWH 

dielectric fluids, and mixtures should be avoided. Silicone content as low as liquid processing 

equipment as practical, unless such mixtures are done purposely for certain applications or to 

achieve certain properties. Silicone insulating liquids are typically not miscible with natural ester 

dielectric liquids, so any cross contamination should be avoided. Typically natural esters are 

miscible with non-flammable halogenated hydrocarbon insulating liquids, such as polychlorinated 

biphenyls (PCBs). Although natural esters would not normally be mixed with halogenated 

hydrocarbons, this could occur after retrofilling older transformers containing such insulating 

liquids. Consult with the manufacturer of each insulating liquid for advice if mixing has occurred in 

situ inadvertently or purposefully. 

 

 

1Information on re ferences can be found in Clause 2. 

2Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to 

implement this standard. 

1 µL/L can cause  foaming during processing. Consult with the  manufacturer of each fluid for advice  if mixing has occurred or is 

necessary. 

2 National Electrical Code  and NEC are  both registered trademarks of the  National Fire  Protection Association, Inc. 
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2. Normative references 

The following referenced documents are indispensable for the application of this document (i.e., 

they must be understood and used, so each referenced document is cited in text and its relationship 

to this document is explained). For dated references, only the edition cited applies. For undated 

references, the latest edition of the referenced document (including any amendments or corrigenda) 

applies. 

Accredited Standards Committee C2, National Electrical Safety Code®(NESC®).3,4 

Accredited Standards Committee C2-2017, National Electrical Safety Code

ASTM D92, Standard Test Method for Flash and Fire Points by Cleveland Open Cup Tester.5 

® (NESC®). 

ASTM D97, Standard Test Method for Pour Point of Petroleum Products. 

ASTM D445, Standard Test Method for Kinematic Viscosity of Transparent and Opaque Liquids 

(and Calculation of Dynamic Viscosity). 

ASTM D664, Standard Test Method for Acid Number of Petroleum Products by Potentiometric 

Titration. ASTM D923, Standard Practices for Sampling Electrical Insulating Liquids. 

ASTM D924, Standard Test Method for Dissipation Factor (or Power Factor) and Relative 

Permittivity (Dielectric Constant) of Electrical Insulating Liquids. 

 

 

 

3The NESC is availab le from the  Institute of Electrical and Electronics Engineers (http://standards.ieee.org/). 

4National Electrical Safe ty Code  and NESC are registered trademarks and service marks of the  Institute of Electrical and Electronics 

Engineers, Incorporated Inc.  

5ASTM publications are available  from the American Socie ty for Testing and Materials (http://www.astm.org/). 
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ASTM D971, Standard Test Method for Interfacial Tension of Oil Against Water by the Ring Method.  

ASTM D974, Standard Test Method for Acid and Base Number by Color-Indicator Titration. 

ASTM D1169, Standard Test Method for Specific Resistance (Resistivity) of Electrical Insulating 

Liquids. ASTM D1275, Standard Test Method for Corrosive Sulfur in Electrical Insulating Liquids 

Oils. 

ASTM D1298, Standard Test Method for Density, Relative Density (Specific Gravity), or API Gravity 

of Crude Petroleum and Liquid Petroleum Products by Hydrometer Method. 

ASTM Dl500, Standard Test Method for ASTM Color of Petroleum Products (ASTM Color Scale). 

ASTM D1524, Standard Test Method for Visual Examination of Used Electrical Insulating Liquids in 

the Oils of Petroleum Origin in the Field. 

ASTM D1533, Standard Test Method Methods for Water in Insulating Liquids by Coulometric Karl 

Fischer Titration. 

ASTM D1816, Standard Test Method for Dielectric Breakdown Voltage of Insulating Liquids Oils of 

Petroleum Origin Using VDE Electrodes. 

ASTM D2300, Standard Test Method for Gassing of Electrical Insulating Liquids Under Electrical 

Stress and Ionization (Modified Pirelli Method). 

ASTM D2945, Standard Test Method for Gas Content of Insulating Oils. 

ASTM D3284, Standard Practice for Combustible Gases in the Gas Space of Electrical Apparatus 

Using Portable Meters. 

ASTM D3300, Standard Test Method for Dielectric Breakdown Voltage of Insulating Oils of 

Petroleum Origin Under Impulse Conditions. 

ASTM D3305, Standard Practice for Sampling Small Gas Volume in a Transformer. 
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ASTM D3455-2002, Standard Test Methods for Compatibility of Construction Material with 

Electrical Insulating Oil of Petroleum Origin. 

ASTM D3612, Standard Test Method for Analysis of Gases Dissolved in Electrical Insulating Oil by 

Gas Chromatography. 

ASTM D4059, Standard Test Method for Analysis of Polychlorinated Biphenyls in Insulating Liquids 

by Gas Chromatography. 

ASTM D5837, Standard Test Method for Furanic Compounds in Electrical Insulating Liquids by 

High- Performance Liquid Chromatography (HPLC). 

ASTM D6871-2003, Standard Specification for Natural (Vegetable Oil) Ester Fluids Used in Electrical 

Apparatus. 

FCC Rules, Code of Federal Regulations Title 40 Part 112 ( 40 CFR 112), Protection of Environment—

Oil Pollution Prevention Response; Non-Transportation-Related Onshore and Offshore Facilities 

(Final Rule) 6. 

IEC 61039 Classification of insulating liquids

IEC 61125, Insulating liquids – Test methods for oxidation stability – Test method for evaluating the 

oxidation stability of insulating liquids in the delivered state. 

.7 

IEC 62770, Fluids for electrotechnical applications – Unused natural esters for transformers and 

similar electrical equipment. 

 

 

6CFR publications are available from the  U.S. Government Publishing O ffice (http://www.ecfr.gov/). 

7IEC IEEE (http://www.iec.ch) and publications are available  from the  International Electrotechnical Commission  the  Institute  of 

Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854, American National USA (http://standards.ieee.org/). 

Standards Institute  (http://www.ansi.org/). 
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IEEE Std  637™ 1985 (Reaff 2007), IEEE Guide for the Reclamation of Mineral Insulating Oil and 

Criteria for Its Use.8,9 

IEEE Std 980™, IEEE Guide for Containment and Control of Oil Spills in Substations. 

IEEE Std C57.104-1991™, IEEE Guide for the Interpretation of Gases Generated in Oil-Immersed 

Transformers.  

IEEE Std C57.106™, IEEE Guide for Acceptance and Maintenance of Insulating Mineral Oil in 

Electrical Equipment. 

IEEE Std C57.152™ 62™

IEEE Std C57.155™, IEEE Guide for Interpretation of Gases Generated in Natural Ester and 

Synthetic Ester- Immersed Transformers. 

, IEEE Guide for Diagnostic Field Testing of Electric Power Apparatus—Part 

1: Oil Fluid-Filled Power Transformers, Regulators, and Reactors. 

NFPA 70®, National Electrical Code®(NEC®).10,11 

NFPA 70®, 2017 Edition, National Electrical Code® (NEC®). 

8The IEEE standards or products re ferred to in Clause 2 are  trademarks owned by the  Institute  of Electrical and Electronics 

Engineers Incorporated.  

9IEEE publications are  available  from the  Institute  of Electrical and Electronics Engineers (http://standards.ieee.org/) Std C57.104-

1991 has been withdrawn; however, copies can be obtained from Global Engineering, 15 Inverness Way East, Englewood, CO 80112-

5704, USA, te l. (303) 792-2181 (http://global.ihs.com/). 

10The  NEC is published by the  National Fire  Protection Association, Batterymarch Park, Quincy, MA 02269, USA 

(http://www.nfpa.org/). Copies are  also available from the Institute  of Electrical and Electronics Engineers, 445 Hoes Lane, 

Piscataway, NJ 08854, USA  of Electrical and Electronics Engineers (http://standards.ieee.org/). 

11 National Electrical Code, NEC, and NFPA 70 AOCS publications are  available  from The  American Oil Chemists Socie ty, 2710 S. 

Boulder, Urbana, IL 61802-6996, USA (http://www.aocs.org). cSt centistokes, units registered trademarks of measurement for 

kinematic viscosity DGA dissolved gas analysis EPA Environmental the  National Fire  Protection Agency HMWH high molecular 

weight hydrocarbon Association. 
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3. Acronyms and abbreviations 

AOCS  

BEES   Building for Environmental and Economic Sustainability 

American Oil Chemists Society 

CFR  Code of Federal Regulations 

cSt centistokes (units of measurement for kinematic viscosity) DGA dissolved gas 

analysis 

EPA  Environmental Protection Agency 

HMWH high molecular weight hydrocarbon  

HPLC  high-performance liquid chromatography 

IEC  International Electrotechnical Commission 

LTC  load tap changer 

NCP  National Contingency Plan 

NEC  National Electrical Code® 

NESC  National Electrical Safety Code 

PCB  polychlorinated biphenyl 

SDS  safety data sheet 

SIC  specific inductive capacity 

SPCC  Spill Prevention, Control, and Countermeasure 

VDE  Verband Deutscher Elektrotechniker 

MSDS  material safety data sheet 
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4. Fluid Liquid tests and the significance of each test 

4.1 General 

The ASTM tests included within the scope of Committee D27 pertain to electrical insulating liquids 

and gases. Initially focused on insulating liquids of petroleum origin, its scope has expanded to 

include alternative liquids and gases for many years. While many of the more recent revisions now 

include natural esters and other alternative insulating liquids, some remain specific to mineral oil. 

The following information reviews the most commonly applied property tests of ASTM and 

provides guidance on how each test method can be applied to natural ester insulating liquids. Due 

to the inherent differences of chemical, electrical, and physical properties between natural ester and 

mineral oil insulating liquids, some of the ASTM methods that have not been updated for natural 

esters require some clarification. For example, some typical values and value limits for unused and 

used natural ester insulating liquid can be significantly different from those established for mineral 

oil. For unused liquid acceptance value limits, see ASTM D6871 for natural ester and see ASTM 

D3487 [B4] for mineral oil. Some methods may require slight modifications in test protocol as 

discussed below. 

Many established ASTM tests of practical significance can be applied to insulating fluids. 

The list of tests (see Table 1) and the significance of each test (see 4.3 through 4.18) are is offered for 

classification purposes. (in Table 1 below. Discussion of the significance of each test and how they 

apply to natural ester insulating liquids follows Table 1. See Clause 2 for ASTM standards 

referenced in this clause.). 
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Table 1—Insulating fluidliquid tests suitable for natural ester-based 

dielectric fluidsliquids 

 

 
(New) 

Table 1—Insulating liquid tests suitable for natural ester-based dielectric 

liquids (continued) 

 
(New) 
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4.2 Practices for sampling (ASTM D923 and ASTM D3305) 
(Deleted) 

ASTM sampling practices are as follows: 

—
 Practices for sampling electrical insulating fluids (ASTM D923)

 

—
 Practice for sampling small gas volume in a transformer (ASTM D3305

Accurate sampling, whether of the complete contents or only part thereof, is extremely important 

from the standpoint of evaluation of the quality of the product sampled. Careless sampling 

procedures or contamination in the sampling equipment will may result in a sample that is not truly 

representative, leading to erroneous conclusions concerning quality. The appropriate procedures 

and precautions outlined in ASTM D923 should be followed. 

)
 

aNE insulating liquids tinted with dye  by manufacturer should not impact test beyond the 1.0 limit. 

bAs modified in IEC 62770, Annex A (reducing test duration from 164 h to 48 h). 

cAlternate  reagents as listed in ASTM D1533 for natural esters as modified in IEC 62770, Annex A (reducing test duration from 164 

h to 48 h). 
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4.3 Acid number (ASTM D664 and ASTM D974) 

The acid (neutralization) number for unused and service-aged fluids insulating liquids is, in general, 

a measure of the amount of acidic constituents of in the fluid. It may be useful, if compared to the 

value for the new product, to detect contamination by substancesliquid. The formation of acidic 

components is commonly associated with which the fluid has been in contact. It may also reveal a 

tendency toward chemical change or deterioration or to indicate chemical changes in additives. 

Natural ester fluids have naturally higher acid numbers than hydrocarbon-based fluids, even when 

new oxidation of mineral oil. The acidic components formed from mineral oil are considered 

undesirable as they can contribute to solid insulation aging and sludge formation. The acid number 

may be has been used as a general guide for determining when mineral oil should be replaced or 

reclaimed, provided suitable rejection limits have been established and confirmation is received 

from other tests. 

In natural ester liquids, acidic components arise from diverse processes and may not be associated 

with adverse effects. The source of these components, as well as their magnitude, should be 

considered when determining what action should be taken. The acidic components are produced 

mainly from hydrolysis, pyrolysis, and oxidation of natural ester. 

Hydrolysis of natural ester bonds releases fatty acids. The free fatty acids introduced by this process 

are long chain organic acids. Most of these acids are 18 carbons in length, C18, while a few are 16 

carbon sequences, C16. The strength of organic acids is inversely related to the chain length. Short 

chain acids such as acetic acid, C2, are strong and, in sufficient amount, can be detrimental to the 

condition of other materials in contact with the insulating liquid. Long chain acids such as stearic 

acid, C18, are weak and have not been associated with any detrimental effects. The presence of 

dissolved water in the liquid facilitates the hydrolysis reaction. It is common for the acid number to 

significantly increase during the first months of the transformer operation, attributable to the 

hydrolysis reaction with the initial moisture from the insulating paper. 
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