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INTERNATIONAL ELECTROTECHNICAL COMMISSION

OIL-FILLED ELECTRICAL EQUIPMENT -
SAMPLING OF FREE GASES AND ANALYSIS
OF FREE AND DISSOLVED GASES IN MINERAL OILS
AND OTHER INSULATING LIQUIDS - GUIDANCE

FOREWORD

Thq International Electrotechnical Commission (IEC) is a worldwide organization for standardization,con

all
co-

ational electrotechnical committees (IEC National Committees). The object of IEC is to promote’interr]
peration on all questions concerning standardization in the electrical and electronic fields._JTo this €

in alddition to other activities, IEC publishes International Standards, Technical Specifications, [Fechnical R
Pulhlicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC( Publication(s)")

pre
ma

baration is entrusted to technical committees; any IEC National Committee interestéd in the subject de|
participate in this preparatory work. International, governmental and non-governmental organizations

with the IEC also participate in this preparation. IEC collaborates closely with thenternational Organiza

Sta

hdardization (ISO) in accordance with conditions determined by agreement(between the two organiza

Thg formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interr]
conlsensus of opinion on the relevant subjects since each technical Gofmmittee has representation f
intgrested IEC National Committees.

IEQ Publications have the form of recommendations for international use and are accepted by IEC N
Committees in that sense. While all reasonable efforts are madg to ensure that the technical content
PuRhlications is accurate, IEC cannot be held responsible _for the way in which they are used or
misjnterpretation by any end user.

In

rder to promote international uniformity, IEC National' Committees undertake to apply IEC Publi

trarjsparently to the maximum extent possible in their national and regional publications. Any divergence b
any] IEC Publication and the corresponding nationalgrregional publication shall be clearly indicated in thg

IEQ itself does not provide any attestation of conformity. Independent certification bodies provide con
asspssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible

ser
All

No
me
oth

ices carried out by independent certification bodies.
isers should ensure that they have the latest edition of this publication.

liability shall attach to IEC or its-directors, employees, servants or agents including individual expe]
nbers of its technical committeés-and IEC National Committees for any personal injury, property dan
br damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feqg

expenses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any oth
PuRlications.

Attention is drawn to the_Normative references cited in this publication. Use of the referenced publica
indispensable for the ‘cafrect application of this publication.

IEQ draws attentian to the possibility that the implementation of this document may involve the usg

pat
res
ma
the

ent(s). IEC{akés no position concerning the evidence, validity or applicability of any claimed patent r
bect thereaf./As of the date of publication of this document, IEC had not received notice of (a) patent(s

be required to implement this document. However, implementers are cautioned that this may not re
latest_information, which may be obtained from the patent database available at https://patents.iec.

shall\nétbe held responsible for identifying any or all such patent rights.

prising
ational
nd and
eports,
Their
plt with
iaising
tion for
ions.

ational
om all

ational
of IEC
or any

cations
etween
latter.

formity
for any

rts and
age or
s) and
er IEC

ions is

of (a)
ghts in
, which
resent
h. IEC

This commented version (CMV) of the official standard IEC 60567:2023 edition 5.0 allows
the user to identify the changes made to the previous IEC 60567:2011 edition 4.0.
Furthermore, comments from IEC TC 10 experts are provided to explain the reasons of
the most relevant changes, or to clarify any part of the content.

A vertical bar appears in the margin wherever a change has been made. Additions are in
green text, deletions are in strikethrough red text. Experts' comments are identified by a
blue-background number. Mouse over a number to display a pop-up note with the
comment.

This publication contains the CMV and the official standard. The full list of comments is
available at the end of the CMV.
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IEC 60567 has been prepared by IEC technical committee 10: Fluids for electrotechnical

applic

This fifth edition cancels and replaces the fourth edition published in 2011.

consti

ations. It is an International Standard.

tutes a technical revision. '1

This edition

This edition includes the following significant technical changes with respect to the previous
edition:

a) a new normative Annex F relating to DGA analysis of insulating liquids other than mineral

oil

s (esters and silicones) has been added;

b) Clause 4 to Clause 11 and informative Annex A to Annex E remain devoted to miner3

c) t

vacuum extraction and mechanical oscillation).

The t

new mercury-free gas extraction methods are described in Annex B (low-prg

xt of this International Standard is based on the following documents;

Draft Report on voting

10/1207/FDIS 10/1211/RVD

| oils;

ssure

Full irfformation on the voting for its approval can be found in ‘the report on voting indicated in
the above table.
The Ignguage used for the development of this International Standard is English.
This document was drafted in accordance with_ ISO/IEC Directives, Part 2, and developed in
accorflance with ISO/IEC Directives, Part 1 and1SO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
descr|bed in greater detail at www.iec.ch/publications.
The cpmmittee has decided that the eontents of this document will remain unchanged until the
stabilry date indicated on the IEC website under webstore.iec.ch in the data related fo the
specific document. At this date;\the document will be
e refonfirmed,
e withdrawn, or
e repised.

IMP( ates

)RTANT The "coIour |n5|de“ Iogo on the cover page of thls document indic

thatlh

of its contents Users should therefore prlnt thls document usmg a colour prlnter
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Insulating liquids based on natural and synthetic esters are increasingly used in wind turbine, traction and distribution transformers, because they are less flammable than mineral oils and less damaging to the environment in case of spills. When faults occur in these transformers, gases are formed that can be used to detect these faults and prevent costly failures.

In 2021, IEC 60599 on the interpretation of gases dissolved in transformer liquids was revised to include the amounts of gases considered as acceptable in service in these specific pieces of equipment. In 2022, National Committees of IEC TC 10 decided to also revise IEC 60567, on the laboratory analysis of gases dissolved in transformer oils, in order to include the analysis in ester liquids in a separate part of this Standard, to make sure that the results in ester liquids provided by laboratories are accurate and reliable.

Comments on the specific changes made to IEC 60567 are indicated on pages 58 (Annex B) and 64 (Annex F) of this new Standard.

Future revision of IEC 60567 is recommended to evaluate the reliability of its second method of preparation of gas-in-oil standards, using syringes or vials, for the calibration of the headspace method of gas extraction applied to the large number of different ester liquids on the market today.

https://iecnorm.com/api/?name=ed61fe0e3bea5b79e3caa2830228a584
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INTRODUCTION

Gases-may can be formed in oil-filled electrical equipment due to natural ageing but also, to a
much greater extent, as a result of faults.

Operation with a fault-may can seriously damage the equipment, and it is valuable to be able
to detect the fault at an early stage of development.

Where a fault is not severe, the gases formed will normally dissolve in the oil, with a small
proportion eventually dlffusmg from the I|qU|d into any gas phase above it. Extractmg dissolved
neans
of detecting such faults, and the type and severity of any fault-may can often be mferred from
the cqmposition of the gas and the rate at which it is formed.

In the|case of a sufficiently severe fault, free gas will pass through the oil and collect in the gas-
collecting (Buchholz) relay if fitted; if necessary, this gas may be analyseéd to asgist in
determining the type of fault that has generated it. The composition of gases Wwithin the bybbles
chandes as they move through the oil towards the gas-collecting relay,

This ¢an be put to good use, as information on the rate of gas_ production-may can offen be
inferred by comparing the composition of the free gases collected with the concentrations
remaihing dissolved in the liquid.

The interpretation of the gas analyses is the subject of AEC 60599.

Thesg techniques are valuable at all stages in the life of oil-filled equipment. During accepgtance
tests pn transformers in the factory, comparison of'gas-in-oil analyses before, during and after
a hedt run test can show if any hot-spots are“present, and similarly analysis after die|ectric
testing can add to information regarding the presence of partial discharges or sparking. During
operation in the field, the periodic remaoyal of an oil sample and analysis of the gas content
serve|to monitor the condition of transformers and other oil-filled equipment.

The importance of these techniques has led to the preparation of this document, {o the
procedures used for the sampling, from oil-filled electrical equipment, of gases and oils
contalning gases, and for subsequent analysis.

NOTE | Methods described( in) this document apply to insulating oils, since experience to date has been|almost
entirely with such oils. The methods—may can also be applied to other insulating liquids, in some casgs with
modifications.

General caution, health, safety and environmental protection

WARNING- This document does not purport to address all the safety problems associated with
its usg¢.\tis the responsibility of the user of this document to establish appropriate health and
safety practices and determine the applicability of regulatory limitations prior to use.

The insulating oils which are the subject of this document should be handled with due regard
to personal hygiene. Direct contact with the eyes-may can cause irritation. In the case of eye
contact, irrigation with copious quantities of clean running water should be carried out and
medical advice sought. Some of the tests specified in this document involve the use of
processes that-could can lead to a hazardous situation. Attention is drawn to the relevant
standard for guidance.

Mercury presents an environmental and health hazard. Any spillage should immediately be

removed and be properly disposed of.-Gensultlecal-regulations Regulatory requirements for
mercury use and handling can apply. Mercury-free methods may be requested in some

countries.
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Environment

WARNING - This document is applicable to insulating oils, chemicals and used sample
containers.

Attention is drawn to the fact that, at the time of writing of this document, many insulating oils
in service are known to be contaminated to some degree by polychlorinated biphenyls (PCBs).
If this is the case, safety countermeasures should be taken to avoid risks to workers, the public
and the environment during the life of the equipment, by strictly controlling spills and emissions.
Disposal or decontamination of these oils—should—be—carried—out-strictly—according—totocal
regulations can be subject to regulatory requirements. Every precaution should be taken to
prevefit the release of any type oi Insulating oll Into the environment, including those pgrtially
biodegradable with time.
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1 S

OIL-FILLED ELECTRICAL EQUIPMENT -
SAMPLING OF FREE GASES AND ANALYSIS
OF FREE AND DISSOLVED GASES IN MINERAL OILS
AND OTHER INSULATING LIQUIDS - GUIDANCE

cope

from

The techniques for sampling oil from oil-filled equipment such as power,.ahd instr

transf

longef

Befor
methd
anoth

This iocument deals with the techniques for sampling free gases from gas-collecting

ower transformers. Three methods of sampling free gases are described.

prmers, reactors, bushings, oil-filled cables and oil-filled tank-type capacitors 4
covered by this document, but are instead described in IEC 60475:20412022, 4.2

b analysing the gases dissolved in oil, they are first extracted-ffom the oil. Three
ds are described, one using extraction by vacuum (Toepler and partial degag

samp
volu

by g
relays

The preferred method for ensuring the performance of the gas extraction and an

equip
labord
quant
descr

For daily calibration checks of the chromatograph, it is convenient to use a standard gas m
ning a suitable known amount of each of the gas components to be in a similar ratio to

conta
the cd

e (stripping) and the last one by partition of gases between the oil sample and a
e of the carrier gas (headspace). The gases are analysed quantitatively after extr

chromatography; a method of analysis is described. Free gases from gas-coll
are analysed without preliminary treatment.

ment, considered together as a single system, is to degas samples of oil prepared
tory and containing known concentrations of gases ("gas-in-oil standards”
tatively analyse the gases extracteds.\Two methods of preparing gas-in-oil standar
bed.

mmon ratios of the gases‘extracted from transformer oils.

relays

Iiment
re no

basic
sing),

er by displacement of the dissolved gases by bubbling the) carrier gas through the oil

small
action
bcting

alysis
in the

and
is are

ixture

The t¢chniques described take account, on the one hand, of the problems peculiar to analyses

assog
low a
wherg

differgnces in ambient temperature—may can exist between the plant and the exar

labora

iated with acceptance testing in the factory, where gas contents of oil are generall
hd, on the other hand, of the problems imposed by monitoring equipment in the
transportrofi.samples-may can be by un-pressurized air freight and where considg¢

tory.

y very
field,
brable
nining

2 N

ormrative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.

For undated references,

amendments) applies.

the latest edition of the referenced document (including any

IEC 60296, Fluids for electrotechnical applications —Unused—Mineral—insulating—oils—for
transformers-and-switehgear Mineral insulating oils for electrical equipment

IEC 60475:2014142022, Method of sampling insulating liquids
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ISO 5725-1, Accuracy (trueness and precision) of measurement methods and results — Part 1:
General principles and definitions

3 T

3.1

No te

ISO a
addre

OLTC

erms, definitions, symbols and abbreviated terms

Terms and definitions

ms and definitions are listed in this document. ®
hd IEC maintain terminology databases for use in standardization abjhe foll
SSes: Q‘L

C Electropedia: available at https://www.electropedia.org/ ’\ .

D Online browsing platform: available at https://www.iso.org/ot@@

O
&
S

Symbols and abbreviated terms

Symbols

ymbols used in 8.5.2 are: QQ
total volume of the vial \Q
S
volume of the gas phase in the vial Q:\

volume of the oil phase in the vial \,\(\
concentration of gas (i) in the gigﬁase of vial, obtained by GC (gas chromatogr
concentration of gas (i) in s@oil sample, obtained directly from Cg using calib
curves with gas-in-oil stg@&ards

tin °C) .

atmospheric p re and temperature when the gas-in-oil standard, or th
standard, wa(analysed (Pg in kPa; ¢4 in °C)

partition ficient of gas (i), for the calculation of ¢ using gas standards

con Qation of gas (i) in the oil sample

owing

hphy)

ration

atmospheric pressure@d temperature when the oil sample was analysed (P in kPa;

b gas

&bbreviated terms

dissolved gas analysis

flame ionization detector

gas chromatography

gas-in-liquid standards

gas-in-oil standards

helium ionization detector

inner diameter

National Institute of Standards and Technology
outer diameter

on-load tap-changer


https://www.electropedia.org/
https://www.iso.org/obp
https://iecnorm.com/api/?name=ed61fe0e3bea5b79e3caa2830228a584

IEC 60567:2023 CMV © IEC 2023 -1 -

PLOT
PTFE
TCD

porous large open tubular
polytetrafluoroethylene
thermal conductivity detector

4 Sampling of gases from gas-collecting-(Buchholz) relays

4.1

General remarks

It is important to bear in mind that receiving a qualitative and a representative sample is crucial
for obtaining a reliable diagnosis of the electrical equipment. Even the most sophisticated

extrag

Gas Tmples from relays should be taken from the equipment with the minimum detay- aft

accu
absor

Certa
samp
shoul
be im

Gass
to min
of ong
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ulation has been signalled. Changes in composition caused by the).s€lectiV
pbtion of components-may can occur if free gases are left in contact with-0jl:

n precautions are necessary when taking gas samples. The cenhection betweg
ing device and the sampling vessel shall avoid the ingress of ajri“Temporary conne
i be as short as possible. Any rubber or plastic tubing used should have been pro
bermeable to gases.

amples-should shall be properly labelled (see Clause 5)and analysed without undue
imize hydrogen loss from the syringe used for gas sampling (e.g. within a maximum
week).

OxygIn, if present in the gas,-may can react with.any oil drawn out with the sample. Re
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system. It is particularly true where the gas to be sampled-may can be at less than atmos

press

4.2

yed by excluding light from the sample, for,example, by wrapping the vessel in alun
suitable opaque material.

three methods described in 4.2,453 and 4.4, the syringe method is recommendeq
two methods are alternatives to.be used exclusively in case of serious hindrance.

ing into a sampling tube by liquid displacement using transformer oil as a sealing
ple, but require to takelinto account the different solubilities of the gas component

pcuum method(requires skill to avoid contaminating the sample by leakage of air in

ire (e.g. some sealed transformers).

Sampling of free gases by syringe

fo-be-taken-into-aceceunt if the gas quantity is such that some oil remains in the tube.
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NOTE

| ~Sampling equipment

Numbers in brackets refer to those circled numbers in the relevant figure.

See Figure 1. The equipment shall be as follows:

a) Impermeable oil-resistant plastic or rubber tubing (3) provided with a connector to fit onto a
suitable sampling connection of the gas-collecting relay. To avoid cross-contamination, the
tubing should be used only once.

b) Gas-tight syringes of suitable volume (1) (25 ml to 250 ml). Medical or veterinary quality
glass syringes with ground-in plungers may be suitable; alternatively, syringes with oil-proof
seals may be used. The syringe should be fitted with a cock enabling it to be sealed. It is
often convenient to use the same syringes for both gas sampling and for oil sampling (see
IEC 60475:20442022, 4.2.2).

The gas tightness of a glass syringe used for gas sampling may be tested by storing an oil
sample containing a measurable quantity of hydrogen for at least two weeks and analysing
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aliquots for hydrogen at the beginning and end of the period. An acceptable syringe will
permit losses of hydrogen of less than 2,5 % per week. General experience suggests that
all-glass syringes leak less than those using plastic seals. Improvement of the gas tightness
may be obtained by the use of a lubricant such as a light grease or transformer oil.

It is a good practice to test the integrity of syringes and valve system before the sampling.
A recommended procedure is given in IEC 60475:20412022, Annex B.

c) Transport containers should be designed to hold the syringe firmly in place during transport,
but allow the syringe plunger freedom to move, and prevent its tip from contacting the
container, whatever its position during transportation.

5 &
é_':l: A B
Position of Valve (4)
N
3
(i 3 2 1
| g [
4
\ T IR \ RN ‘
6
U L4
7/\_/
1EC

Key

1 syringe

2 stopcock

3 rubper connecting tubing

4 thrde-way valve

5 equipment sampling valve

6 gasfcollecting relay valve

7 wagte vessel

Figure 1 — Sampling of gas by syringe
4.2.2 Sampling procedure
The apparatus—is—eonnected—as—shown—in—igure—+—The—econneetons—shewd—be—as—short as

possible and filled with oil at the start of sampling.

The sampling valve (5) is opened. If sampling from a gas-collecting relay on a transformer fitted
with a conservator, a positive pressure will exist; the three-way valve (4) is carefully turned to
position A and the oil in the connecting tubing (3) allowed to flow to waste (7). When gas reaches
the three-way valve (4), the latter is turned to position B to connect the pre-lubricated syringe
(1). The stopcock (2) is then opened and the syringe allowed to fill under the hydrostatic
pressure, taking care that its plunger is not expelled. When a sufficient sample has been taken,
the stopcock (2) and sampling valve (5) are closed and the apparatus is disconnected.

The oil in the syringe is expelled by inverting the syringe and applying gentle pressure to the
plunger.

Label carefully the sample (see Clause 5).
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4.3 Sampling of free gases by displacement of oil

This method is reliable only where the gas sample is at or above atmospheric pressure. The
apparatus is shown in Figure 2.

The sampling tube (5), typically of 100 ml capacity, is preferably of glass since the operator can
then see how much oil remains in it during gas sampling. The sampling tube is filled with oil
from the transformer on site. Before being used as described below, the connecting tube (3)
should also be filled with oil.

The open end of the connecting tube (3) is fitted onto the gas-sampling valve (2). The sampling
valve ' i ; i TSTTch o that
its clgsed end is the lowest point. The outlet stopcock on the sampling tube is then~opened,
ing oil to run out to waste (6), drawing first any oil from the connection betweeh:reldy and
sampling valve, and the gas from the relay, into the sampling tube.

Sampling is complete when the gas-collecting relay is completely filled with)oil or when pearly
all oillhas gone from the sampling tube.

Both stopcocks (4) on the sampling tube and the sampling valve (2)-are closed and then the
conngctions removed.

a —

IEC

Key

1 gaslcollecting relay valve

equipment sampling valve
oil-resistant connecting tubing
stopcock

sampling tube

o 0 b~ W N

waste vessel

Figure 2 — Sampling of free gases by oil displacement

4.4 Sampling of free gases by vacuum

The apparatus is connected as shown in Figure 3. With the equipment sampling valve closed,
stopcocks (1), (2) and (10) open, and the three-way valve (4) turned to position A, the vacuum
pump (12) is allowed to evacuate the connecting tubing, the trap and the sampling vessel.
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A satisfactory vacuum will be below 100 Pa. The system should be checked for leaks by closing
the pump suction stopcock (10) and observing that no appreciable change in vacuum occurs.
Over a time equal to that which will be taken for sampling, the pressure should not increase by
more than 100 Pa. Similarly, the stopcock (1) on the sampling tube should be vacuum tight to
the same degree over several weeks.

If the connecting tubing between the equipment sampling valve (5) and the gas-collecting relay
is filled with oil, the three-way valve (4) is turned to position B. The equipment sampling valve
(5) is carefully opened and oil allowed to flow into the trap (9). When the end of the oil stream
is observed to reach the three-way valve (4), it is turned to position D to evacuate the oil from
it. Thereafter, valve (4) is turned to position C. When sampling is complete, stopcock (1) is

| Afirct thon tha acinmant camnlina vyalva (B Alacnad and tha Aannaratiic dicoannnacnt -\d
close@-first—then-the-equipmeni-samphng-valvre{b)-closed-and-the—apparatus—diseonnested.

If the|connecting tubing between the equipment and the sampling valve is empty of ofl, the
procefdure for draining oil is omitted and the three-way valve (4) used in pesition ( after
evacUyating and testing that the apparatus is leak tight.
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&
%

Position of valve (4)

C

Key
1 vacuum tight stopcock
vacjuum tight stopcock
rubper connecting tubing
vacjuum tight three-way valve
eqdipment sampling valve
gag| collecting relay valve

vacuum gauge

© 0o oo O~ W N

traq
10 vacuum tight stopcock
12 vacuum pump

28 sanppling tube

Figure 3 — Sampling of free gases by vacuum

4.5 |Sampling of oil from oil filled equipment

See |

5 Labelling of gas samples
Gas samples-should shall be properly labelled before dispatch to the laboratory.

The following information, as shown in Table 1, is necessary (whenever it is known).


https://iecnorm.com/api/?name=ed61fe0e3bea5b79e3caa2830228a584

- 16 - IEC 60567:2023 CMV © IEC 2023

Table 1 — Information required for gas samples

Transformer Sampling
Customer Sampling date and time following a gas alarm
Location Sampling point
Identification number Sampling person
Manufacturer Reason for analysis
General type (power, instrument or | Transformer non-energized, off-load
industrial) energized or on-load
Rated MVA

Voltage ratio

Type and location of OLTC

Date of commissioning

Oil

Type of oil (mineral or non-mineral) | Weight (or volume) of oil

Product name Date of last oil treatment

The following additional information is desirable:

— ambient temperature, reading of MVA or load currént or percentage load, operatjon of
pumps, mode of communication of its tap-changér)with the main tank, oil preseryation
syptem (conservator, nitrogen blanket, etc.), and*any changes in operational conditipns or
arly maintenance carried out since last samplings;

— time of sampling where more than one sample is taken.
6 Spampling, labelling and transferring of oil from oil-filled equipment

6.1 |[Sampling and labelling of oil

Consnrlt IEC 60475:20442022,,4:2 to 4.4 for sampling equipment, sampling procedurefs and
labelling to be used.

6.2 |Transfer of oil for DGA analysis
6.2.1 General

For tlansferring *oil from its sample container into the gas extraction vessels specifled in
Clausg 8, the“following procedures should be used.

6.2.2 L ~Transfer from oil syringes

Introduce a portion of the oil sample in the syringe into the gas extraction vessel by turning the
three-way valve of the syringe to position B shown in IEC 60475:20442022, Figure 5.

6.2.3 Transfer from ampoules

Attach the ampoule in the vertical position. Install a three-way plastic valve between the bottom
plastic tubing of the ampoule and another piece of plastic tubing going to a waste oil container.
Attach a glass syringe to the three-way plastic valve. Open the upper cock then the lower cock
of the ampoule. Fill the syringe with oil following the procedures indicated in
IEC 60475:2014142022, 4.2.2.2. Transfer a portion of the oil sample in the syringe into the gas
extraction vessel as indicated in 6.2.2 above.
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6.2.4

Transfer from flexible metal bottles

Open the screw cap of the bottle, introduce a long needle down to the bottom of the bottle,
attach a glass syringe with a three-way valve to the needle and gently (to avoid creating gas
bubbles due to negative pressure) draw a sample of oil into the syringe. Detach the three-way
valve from the needle and invert the syringe to expel any gas bubble introduced in the oil. Then
introduce a portion of the oil sample in the syringe into the gas extraction chamber as indicated
in 6.2.2 above. Alternatively, a piece of tubing can be used to draw oil directly into the gas
extraction vessel (Toepler or partial degassing) under vacuum.

The first sample taken from the bottle should always be used for DGA analysis. No other sample

shoul

he taken for DGA _analvsis_since sianificant aas loss-mav can occurinto the head
J 7 ~J ~J J

space

of the

6.2.5

The p
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As noted in Clause 1, the preferred method of ensuring thelperformance of the entire s

for ge
(gas-i
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shall

7.2
7.21

A suit

bottle.

Transfer from glass and rigid metal bottles

focedure used for flexible metal bottles in 6.2.4 is suitable for glass and-figid metal b

reparation of gas-in-oil standards

General remarks

s extraction and analysis is to analyse oils containing known concentrations of
h-oil standards).

nethods of preparing gas-in-oil standards are‘\described in 7.2 and 7.3, a general m
simpler method. The first method has the benefit of producing much larger quanti

LIf gas-in-oil standards are commercially available they can be used, provided the
assurance requirements. If they are given under ASTM standard conditions (0 °C
pbe converted to IEC conditions{20 °C).

First method: preparation of a large volume of gas-in-oil standard
Equipment
able apparatustdesign consists of (see Figure 4 a), Figure 4 b) and Figure 4 c)):

magnetic-stirrer (12);

|
<0 o

cuumJstopcocks (1) and (2) and one with a rubber septum (16);
—all ir (14) : | with 2 highe I (3 | with 2 75 ml <

b | oilwessel (13) equipped with three side-arm outlets, two of which are fitted with

pttles.

ystem
pases

ethod
ies of

y fulfil
, they

high-

bulb (15) and a high-vacuum stopcock (4);

iplash

— a mercury displacement system (17) consisting of two 500 ml mercury glass bulbs
connected with a high-vacuum oil-resistant flexible rubber tubing.

The g

as-injection system (Figure 4 e), Figure 4 f) and Figure 4 g)) consists of

— a set of gas tight syringes of appropriate volumes (18);

— aplastic three-way valve of standard type (7), modified to minimize dead volume by inserting
pieces of stainless steel tubing (approximately 0,4 mm inner diameter (ID) and 1,5 mm outer
diameter (OD)) into the inner branches and connected to a gas-injecting needle (10)
(approximately 10 cm long, 0,25 mm OD) to go through the rubber septum into the oil flask
(16);

— gas cylinders equipped with a pressure reducer and a valve (20);
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NOTE 1 Gas cylinders containing each of the individual gases to be injected can be used. Ready-made m
of these gases can also be obtained from some gas suppliers.

2023

ixtures

a length of oil-resistant flexible tubing connecting the gas cylinder to the three-way valve
(7) and incorporating a hypodermic needle (approximately 0,3 mm ID and 0,6 mm OD). The
latter acts as a leak to a water bubbler (21) which is used to check the absence of back
diffusion.

NOTE 2 The length of tubing connecting the gas cylinder to the three-way valve is replaced after each gas
change.

The oil sampling system (Figure 4 h) to Figure 4 k)) consists of glass syringes (19) of suitable
capacity equipped with two three-way plastic valves (8) and (9) and an oil-extracting needle

(11)( 'J'JIUI\IIIIGtU:yCCIIIIII :D, 1 CIIIIIICD (:lIIGI ILCIIIIII:UIIH}

7.2.2 Procedure

NOTE | Numbers in brackets refer to those circled numbers in Figure 4. The positions A to D of the three-way| valves

(7, 8 anpd 9) are illustrated in Figure 4 d).

7.2.2/ Degassing the oil

a) THoroughly clean all the glassware before assembling.

b) Sgcure the rubber septum and the flexible connections with pieces of twisted metal wfire.

c) Clean, if necessary, approximately 1 | of mercury with pentane and filter through alfinely
pierced filter paper.

d) Adapt the oil reservoir (14), the splash bulb (15) and{stopcocks (4) to the 51 vesse| (13).
Connect the system to the vacuum pump (V) andy'evacuate the splash bulb (15) and the
5 | oil vessel (13) by opening stopcocks (2) andx4).

e) Fill the oil reservoir (14) with mineral insulating oil complying with IEC 60296 and allpw oil
to[flow slowly through stopcock (3) into the-521 vessel (13) until it is full. Then close stopcock
(2) and remove the oil reservoir (14) and the splash bulb.

NOTE | If the procedure is followed carefully (filling’time about 4 h) the oil in the vessel will be virtually gas-free.

f) Tdrn the oil vessel to bring it intg_the position shown in Figure 4 c). Place a wet cloth over
it fo prevent its temperature-rising and attach the mercury displacement system ({I7) to
stppcock (1). Introduce 7504l of mercury into the system with stopcock (6) closed.

g) Connect the system to the'vacuum (V), open stopcock (5) and evacuate the section befween
stppcocks (1) and (6).\Open stopcock (6) to allow mercury to rise up to stopcocks (1) and
(5), and then close(stopcock (5). Raise the left bulb of the system (see Figure 7 c¢)) sfo that
the mercury levelis above the oil flask. Open stopcock (1). Remove the wet cloth and gwitch

on

the magnetic stirrer (12).
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Posit

A B

C D

on of valves (7, 8, 9)
d)

"

E 8
i -
8 —a
B B
B B %
9
11
h i j k
) ) ) ) e
Key
1 vacuum stopcocks 9 three-way valves 17  mercury displacement system
2 vacuum stopcocks 10 gas-injecting needle 18 precision gas-tight syringe
3 vacuum stopcocks 11 oil-sampling needle 19 glass syringe
4 vacuum stopcocks 12  magnetic stirrer 20 gas cylinder with pressure reducer and valve
5 vacuum stopcocks 13 51 oil vessel 21 leak to water bubbler
6 vacuum stopcocks 14 6| oil vessel \% connection to vacuum pump
7 three-way valves 15 75 ml splash bubble
8 three-way valves 16  rubber septum

Figure 4 — First method of preparing gas-in-oil standards
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2 Preparation of gas-in-oil standards

See Figure 4 c) to Figure 4 g).

a) To inject the gases, attach the modified three-way valve (7), in position B, to the gas-
injecting needle (10). Then push the needle through the rubber septum (16) into the oil. Turn
the three-way valve to position D to purge the needle and valve with oil, then turn it to
position B. Attach to valve (7) the barrel of a precision calibrated gas-tight syringe (18) of
appropriate volume (precision within 1 %) and the gas cylinder connecting tubing (see
Figure 4 e). Allow a gentle flow of gas to flush the barrel, then slowly push the plunger
several times into the barrel, finally down to the volume of gas to be injected, making sure
there is continuous bubbling through the needle leak (21).

b) Switch valve (7) to the injection position A, lower the mercury level below the need
and push the plunger to inject the gas volume into the oil. Switch valve (7) to position

ra

c) Repeat the same procedure with each of the gases to be dissolved then(temove th
ngedle and valve (7).

W
pr

NQTE Instead of adding individual gases, it is more convenient to use,a standard gas mixture, prg

co

7.2.2.

See Higure 4 h) to Figure 4 k).

a) Tq remove oil samples from the 5 | vessel (13); attach two three-way valves (8) a

tu
th
(9

b) At

se the left mercury bulb above the oil vessel.

hen all the gases are dissolved, switch off the magnetic stirrer. Record the atmos
bssure and temperature.

htaining all the gases listed in 9.1, in proportions representative of those\found in the sampled oil.

3 Sampling of gas-in-oil standards

ned in position B, according to Figure 4 b), to-the liquid-withdrawing needle (11) ang

to the draw-off position D to purge them with oil (see Figure 4 i)).

fach a syringe (19) and turn both valves (8) and (9) to position A, and draw out a sU

le tip,
B and

e gas

bheric

ferably

nd (9)
push

b needle through the rubber septum (16)-With the mercury level up, switch valves (8) and

itable

volume of oil (see Figure 4 j)). Then\turn valve (8) to position C and valve (9) to position B

anld remove the syringe together'with valve (8) (see Figure 4 k)).

To remove more oil, additionalkmercury shall be added to the mercury displacement syst

7.2.3

Calcu

wherg

C

Calculation

Jate the concentration of each gas "i" dissolved as follows:

C; =Vl V=108

LU=
T T T

V.

1tk o 0
H |IStRe—CoRten
I

T,

i is the volume of gas "i" injected, corrected to 20 °C and 101,3 kPa in ml;

V  is the exact volume of oil in the 5 | oil flask, in ml.

7.3
7.3.1

Second method: preparation of gas-in-oil standards in a syringe or a vial

General

See Figure 5 a) to Figure 5 f).
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a)

b)

@ ledy.

Position of valve (3) 3

e)

IEC

Key

1 glass syringe

2 precision gas-tight syringe

3 three-way valve

4 gas-injecting needle

20 gas bottle fitted with a pressure reducer and a valve
21 leak to water bubbler

22 silicone rubber tubing

Figure 5 — Second method for preparing gas-in-oil standards
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Equipment

quipment consists of

— a set of gas-tight syringes of appropriate volume (2),

— a set of glass syringes of appropriate volume (1),

— a set of gas-injecting needles (4),

— three-way plastic valves (3),

— gas cylinders equipped with a pressure reducer and a valve (20).

NOTE

Gas r-\llnndnre nr\nfonnnnn cach-ofthe individual gases to-be |n|cn\h:\rl mav canbe used Dnarl\l made-m
Y

ixtures

of thesg

7.3.3
a) BY
ag
oil
50
th
b) wW
bo
an

c) Cg
a
co
SY|
sY|

the

dg
di
NG
is
d) Rd
CH

] gases can also be obtalned from some gas suppllers

Procedure
bble argon through 1 | of oil for 1 h under agitation, adjusting the gas flow to mg

under a vacuum down to 1 Pa over an 8 uym filter, in a 2 | vessel,(residual conte
0 pl/l O5 and 2 000 pl/l N, are acceptable). When the oil is completely degassed,

b vacuum with argon up to 20 kPa.

igh a 100 ml glass syringe containing 10 ml of glass beads, Connect the syringe

nnect a gas-tight syringe of the required volume with a needle long enough to intr
gas mixture in the syringe cylinder part, for instance of 115 mm length, to a cy
ntaining a standard gas mixture, and purge_ four times with the standard gas. F

ringe and transfer the volume of standard_gas into the oil syringe. Reweigh to det¢
actual oil volume. Wrap the oil syringe~with aluminium foil to avoid degradatio
ylight and attach it to a laboratory 3-D shaker. Shake for 1 h or until all gasss
5solved.

TE 1 Any other procedure that assists dissolution of gases in oil (e.g. mixing with magnetic stirrer o
uitable and can be used.

cord the atmospheric pressure and temperature: also refer to the note in 7.
Iculate the dissolved gas concentration from the oil volume, injected calibratio

Vo
inj

lume, temperature and.atmospheric pressure, as in 7.2.3. Express the quantities of
cted in ymol, or.inwul converted to normal conditions (20 °C; 101,3 kPa).

intain

itation of the oil in order to purge all the other dissolved gases. Degas this\argon-satdirated

nts of
break

to the

ttom of the 2 | vessel and purge the syringe twice with 20<ml-of oil. Make sure the cyllinder
d plunger are completely wetted with oil. Fill the syringe with 90 ml of degassed oil.

bduce
linder
ill the

ringe with a known volume of standard gas-JInsert the needle through the tip of the oil

rmine
h with
s are

other)

2.2.2.
n gas
jases

e) Re¢peat the procedure in order to obtain at least three gas-in-oil samples (in the case of
hgadspace only).having concentrations that allow a calibration curve to be drawn co
the values expéected in the unknown samples.

NQTE 2_%f-a total gas-saturated mixture is desired, draw dry CO,-free air or nitrogen into the syringe tg

wi

the\gases already injected, a total gas volume of 10 % to 8 % of the oil volume, according to the gas

(sqevFigure 5 f)).

ering

make,
chosen

Turn the three-way valve (3) to position A and shake the syringe again until the air or
nitrogen is dissolved. Cooling the syringe in a refrigerator accelerates the dissolution of the
gas in the oil.

NOTE 3 A vial-may can be used instead of a syringe. The vial is filled with the same amount of degassed oil
as-that-needed when the ordinary analysis is performed, with the exact volume of oil measured by weight. Into
this vial are introduced known quantities of a calibrated gas mixture, so that the concentrations in the oil are in
the same range as in the unknown field sample.

8 Extraction of gases from oil

8.1

General remarks

Removal of dissolved gases from oil for analysis may be accomplished either by vacuum,
stripping or headspace extraction.


https://iecnorm.com/api/?name=ed61fe0e3bea5b79e3caa2830228a584

IEC 60567:2023 CMV © IEC 2023 - 23 -

The multi-cycle vacuum extraction (Toepler) method is described in 8.2.

The s

ingle-cycle vacuum extraction (partial degassing) method is described in 8.3.

The stripping method is described in 8.4.

The h

8.2
8.2.1

In thig
dissol

soluble gases and even higher percentages of the less soluble gases. Such a small imperf

is rarg
of cal

NOTE
free sta
extract

8.2.2

An e
recon
septu
an oil
(see F

The T

a) be

b) be
th

calrry out steps b), c) and'd) of 8.2.3. Omit step e). Continue with steps f), g) and h) a

W6
g3

C) pe€
na

In addg

d) all

eadspace method is described in 8.5.

Multi-cycle vacuum extraction using Toepler pump apparatus

General

method, an operating procedure which attempts to remove as much as possible
ved gas from the oil is used. It is normally possible to remove about 97 %(of*the

ly significant when considering overall accuracies, but, in any case, the-preferred m
bration using gas-in-oil standards takes account of incomplete extraction.

To calibrate this method with gas-in-oil standards, the procedure described inV7.2 for preparation of
ndards-sheuld-be is used, since the calculation will be affected by the amount.of dissolved argon that
bd but not detected by the gas chromatograph.

Toepler pump extraction apparatus

ample of a suitable design is shown in Figure® a). Note that Figure 6 b) ing
mended volumes. In this design, oil containing gas in solution is injected thro
m (9). Alternatively, after the equipment has been evacuated, oil may be withdrawr
sample bottle via a tube attached to valve (V8) that has previously been filled W
Figure 6 c)).

oepler pump extraction apparatus shall

capable of subjecting the liquid t6 'a vacuum less than 10 Pa,

vacuum-tight. The vacuum_ tightness of the whole system may be verified by carryi
b extraction procedure but Without introducing oil, as follows:

re present. After compression of gas to atmospheric pressure in step h), the amg
s should be less/than 0,1 ml,

rmit the measurément of extracted gas to be made to the nearest 0,05 ml or bet
rmal temperature and pressure.

ition:

tubing connecting the degassing flask (3) to the gas collection flask (2) (in Figure

S

1 f lar r tl t 5 mm internal diameter an hort racti le:

of the
more
ection
ethod

argon-
will be

ludes
Lgh a

from
ith oil

ng out

5 if oil
unt of

er, at

6 a))

e) the vacuum gauge used cannot be of a type that operates at high temperature or uses
ionizing radiation (thermocouple, ionization or Penning gauges) since these can produce
gases of the types being measured by cracking the oil vapours present in the system. Since
it-may can react with extracted gases, a Pirani gauge is not suitable either. A sensor based
on capacitance changes between two chambers is suitable. It is recommended that two
sensors be used, one in the vacuum chamber, the second for measuring gas volumes at
atmospheric pressure.

Further requirements are noted in 8.3 in which the partial degassing method is described.
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Since the detailed design of this apparatus is not standardized, it is necessary to establish an
operation that will ensure adequate extraction of all components of the dissolved gas. The main
parameters-that-need to be established are the number of degassing cycles (strokes) of the
Toepler pump that should be used and the time for which each degassing cycle should last.
This operation is preferably established by degassing a gas-in-oil standard as follows.

Use the extraction procedure as detailed in 8.2.3 but, instead of degassing an unknown oil
sample, substitute a gas-in-oil standard of the volume normally used containing all the gases

listed

in 9.1.

Degas successive standards until a number of cycles of the Toepler pump, together with a

degart—trt_rrm_ﬂ_wrm—h_ﬁrt_ﬁsmg ime on each Stroke, has been established so that the area or height of eac
on th¢ chromatogram of the extracted gases is within 95 % of the area or height of ¢hat

on thg
by msg

A deg
the ti
used
to 10

The a
chang
Itis re
plus @
to pro

chromatogram of the same quantities of gases injected directly into the chromato
ans of a standard gas mixture (see 9.6).

ssing time on each cycle of 1 min to 3 min for mineral oils is frequenfly used; the s

e the more degassing cycles are likely to be required. Similar degassing times ¢
or non-mineral oils of similar viscosity, and longer ones for moré-viscous oils (e.g.
min for silicone oils, see Annex F).

bove procedure serves to establish a routine of operationjdwvhich will apply until any
es are made to the equipment and will also apply to other equipment of the same d
commended that the overall calibration of the complete’equipment (degassing equi
hromatograph) is checked periodically (e.g. every six months) using gas-in-oil stan
vide correction factors to be applied to areas ofheights of chromatogram peaks.

peak
peak
graph

horter
an be
5 min

major
esign.
bment
dards
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V1 SL V3

-

H= A

VP2

V5 IEC
5 —
a —» b) Recommended volumes of
v Va several parts of a Toepler pump
9| —
e ~—

[09)

IEC IEC
a) General view of a Toepler c) Example of oil introduction
pump extraction~apparatus by bottle
Key
1 mercury reservoiry— 271 V1 to V11 hand stopcocks
2 ggs collectionAflask — 1 | V10 to V12  non-return valves
3 degassing flask — 250 ml or 500 ml V13 electromagnetic three-way valve
4 g@s-collécting burette — 25 ml (0,05 ml divisions) VP1 rough vacuum pump
5 introduetion of oil sample via syringe VP2 main vacuum pump
6 Plranivacuum gauge LP connection to low pressure air (+11(d kPa)
7 mercury-levelling vessel SL connection to GC sample loop
8 magnetic stirrer CG connection to calibration gas cylinder
9 septum abc electrical contacts
10 oil-sampling bottle d mercury level mark on tube
11 jet connection to rough vacuum pump and air

A

B connection to main vacuum pump

C connection to mercury-levelling vessel
D

connection to waste oil reservoir and rough
vacuum pump

2 Item 6 of Figure 6 a)-sheuld-read is a "capacitance measurement device".

Figure 6 — Example of a Toepler pump extraction apparatus
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8.2.3 Extraction procedure

The following is a typical extraction procedure used when a sample is in a syringe. It is
described by reference to the apparatus shown in Figure 6 a) and Figure 6 b). Modifications in
the procedure-may can be-reeded used for apparatus of other designs.

a)

f)

Weigh the syringe (5) containing the oil sample and connect it to the degassing flask (3).
When a bottle is used as a container (Figure 9 c)), the mass of oil degassed is determined
by weighing the degassing flask before and after introducing the oil.

Open valves V1, V2, V4, V6, V7 and V9. Close valves V3, V5 and V8. The valve V13 is a
solenoid-operated three-way valve, which at this stage is not energized and connects the
vacuum pump \/P1 to the Q\J/anm

Switch on the vacuum pumps VP1 and VP2 and the magnetic stirrer (8).
When the pressure has fallen to 10 Pa, close valves V2, V6 and V7.

Open valve V8 and inject a sufficient oil sample through the septum (9) into the deggssing
flask (3). This is the start of the degassing part of the Toepler pump cycle.

NQTE 1 A gas bubble in the syringe suggests that the plunger has stuck and indicates the desirability of a new
sample. If this cannot be provided,-ensure-that the bubble is introduced togetherywith all of the oil of is re-
digsolved in the oil by shaking the syringe.

NQTE 2 The minimum oil volume used is the volume necessary to produce_enough gas volume for injeftion in
thg gas chromatograph. When this is possible, larger oil volumes-may eafi/be used to increase the prec|sion of
thg analysis. For oil from a factory test, a modification-may-beneedediis made; see Note 3 of step j) belpw.

After the established degassing time (e.g. 1 min to 3 min) continue the first Toepler|pump
cycle by switching valve V13 so as to admit low-pressure compressed air above the me¢rcury
which rises to the level of contact (a), compressing gas from the collection flask info the
burette. Reversal of valve V13 to connect thesvacuum pump to the mercury reservoir (1)
allows the mercury to return (the gas collected in the burette being trapped by thg non-
refurn float valve V10) and further gas torbe”extracted from the oil. The contacts allow this
cycle to be automated. Inductive level switches may be used instead.

An electric counter is helpful in counting the number of cycles and for stopping the procedure
affer the required number of cycles, as established as standard for the appdratus.
Alfernatively, the equipment may-be run automatically for a standard time (e.g. 10 min for a
cycle time of 1 min).

THe number of strokes should be such that the vacuum at the end of extraction appropches
the initial value before _extraction. The number of strokes necessary depends on thg ratio
bgtween the total ~6lume of the equipment and the volume of the pump. Typjcally,
4 1o 20 strokes have’been found suitable to reach 97 % extraction for the more spluble
gdses, depending©on the equipment used.

Switch off _the-automatic cycling control (if used) and set valve V13 to admit air. [Allow
mercury torise into the burette to above the level of valve V5. Close valve V4.

Open valve V6 and adjust the mercury levelling vessel (7) to bring the mercury surfages to
thessame level. Read the total volume of gas collected in the burette. Note the ambient
temperature and pressure.

Remove and reweigh the oil syringe to obtain the mass of oil that has been degassed.
Determine the density of the oil at ambient temperature.

Close valve V1, open valve V2 to admit the extracted gas into the sample loop. Again adjust
the mercury levelling vessel to bring both the mercury surfaces to the new level and close
the valve.

NOTE 3 Another arrangement frequently used is to fit a septum on the top of the burette in place of valve V2
and to transfer an aliquot of gas to the chromatograph by means of a precision gas-tight syringe. In such a case,
it is good practice to fit a new septum each time the equipment is used.

NOTE 4 If an inadequate quantity of gas has resulted from degassing the first oil sample, the degassing flask
may-be is disconnected and emptied, and the method repeated with a new oil sample. The first quantity of
extracted gas is retained in the burette by keeping valve V4 closed until the remainder of the system is re-
evacuated (step d) above).
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Alternatively, where concentrations of gas are expected to be low, a larger degassing flask,
up to 2 I, may be fitted, with sample volumes up to 500 ml. Introduce the oil sample slowly

to

facilitate gas extraction.

k) Calculate the total gas content extracted Cy of the oil sample in pl/l at 20 °C and 101,3 kPa
from the expression:

Cy = (P1101,3) x (293 / 273 + ¢) x (Vd | m) x 108

where

P

is the ambient air pressure, in kPa;

SE

) Ca
NG
co
rin

8.3

8.3.1

In thig
for mi
deper
obtairn
either

8.3.2

Equip
with t

a) TH

elg¢ctric contacts a,(byand c) are not required. A simple hand pump (blow-ball) can be|

in
b) Th
tu
sh

sulitable for an oil volume of 25 ml to 30 ml.

is the ambient air temperature, in °C;

is the total volume of gas extracted, at ambient temperature and pressure, invml;
is the density of oil corrected to 20 °C, in g/ml;

is the mass of oil degassed, in g.

rry out the analysis as in Clause 9.

TE 5 Because the gas is not totally extracted from the oil, a rinse step-m@iy €an be required after|
hcentration has been run (e.g. after analysis of the oil sample from the tap~changer). The extractor
5ed with oil containing non-detectable quantities of gases, except for thdse present in the air.

Vacuum extraction by partial degassing method
General remarks

method, gas extraction is accomplished by only‘one exposure to vacuum (between

heral oils and 10 min for the more viscous silicone oils, see Annex F). Extraction effig
ds on component gas solubility. Correction of this incomplete gas extraction ¢
ed by calculation from the Ostwald solubility coefficients of the gases in transform
mineral or non-mineral (see Annex A).

Partial degassing apparatus

ment such as that shown.in"Figure 6 a) and Figure 6 b) is equally suitable for this m
ne following changes:

e automatic controlharrangements used in the Toepler pump mode (valves V1

place of the low-pressure compressed air supply.
e total expansion volume (degassing flask (3) plus collection flask (2) and conn

own in\Figure 6 b), a collection flask of 500 ml and a degassing flask of 150

e\mercury reservoir volume should not greatly exceed that of the collection flask;

a high
can be

3 min
iency
an be
er oil,

ethod

D and
fitted

ecting

bing, less\the oil volume) should be at least 20 times the oil volume. In the apparatus

hl are

in the

c) Th

apparatus shown in Figure 6 b), a reservoir volume of approximately 600 ml to 700 ml is
recommended. The reservoir should be filled with mercury to leave an air space of not more
than 100 ml to 150 ml.

d) A mark should be made on the dip tube in the mercury reservoir, (mark d in Figure 6 a) and
Figure 6 b)) so that when the equipment is used for partial degassing, the mercury can be
brought to this mark and the expansion volume thus accurately defined.

e) The apparatus shall be leak-free and capable of evacuation to 0,1 Pa. The burette, typically
3,5 ml, shall be calibrated in 0,01 ml divisions, and the connecting tubing and vacuum gauge
as in points d) and f) of 8.2.2.

f) Alternatively to the syringe, the needle and the septum, a flexible polytetrafluoroethylene

(P

TFE) tubing connected to the valve can be used to introduce oil samples.
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8.3.3
Weigh the syringe (5) containing the oil sample and connect it to the degassing flask (3).

a)
b)
c)

Mercy

8.4
8.4

The e
volumle of the oil. Typicallyran oil volume between 0,25 ml and 5 ml is used.

The ti
when

8.4

Varioyis.designs of strippers are used. Figure 7 shows borosilicate glass strippers. Oil is in

A

.2
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Extraction procedure

Proceed as in steps b) to e) of 8.2.3, evacuating down to 0,1 Pa.

2023

Allow degassing to continue for 5 min to 10 min, depending on the oil viscosity, with the

sti

rrer operating vigorously. Then close valve V9.

Proceed as in steps g) and h) of 8.2.3.

Calculate the total gas volume extracted by dividing the volume of gas collected in the

bu

rette by the volumetric collection ratio V./V;, where

V.. (collection volume) is the volume of the burette and collection flask (2), from mark "d"

R{
D

Cq
8.

Inj
(OF:
Ca

sample, by dividing its chromatographically measured concentration by its extr

ef

NG
co
rin

to valves V9, V6, V5 and V2;

Vi (total expansion volume) is V, plus the volume of the degassing flask (3
connecting tubing to V9, V8 and V7, less the volume of oil.

move and reweigh the syringe to obtain the mass of oil that has"b€en deg3
termine the density of the oil at ambient temperature.

rrect the calculated total volume of gas extracted to 20 °C and 101,3 kPa as in stef
. 3.

ect an aliquot of the gas extracted into the chromatographcs in step j) of 8.2.3.
rry out the analysis as in Clause 9.
Iculate the actual concentration of each gas compinent originally present in t

iciency E, (see Annex A).

TE Because the gas is not totally extracted from¢the' oil, a rinse step-may can be required after
centration has been run (e.g. after analysis of the oil sample from the tap changer). The extractor
5ed with oil containing non-detectable quantities\of.'gases, except for those present in the air.

Stripping extraction method
General

ktraction of dissolved gases is carried out by the carrier gas itself bubbling through a

Mme required to extract larger volumes would give unacceptable gas chromatograms g
used with,eold traps or for hydrogen analysis only.

Stripping apparatus

) and

ssed.

b k) of

he oil
action

a high
can be

ry-free versions of the Toepler and-partial degassing methods are described in Anfex B.

small

xcept

ected

into the stripper from a syringe via a rubber septum. This septum can be used several times
(3 to 10 depending on the size of the needles) before leakage occurs.

A design of a stripper made of stainless steel is shown in Figure 8. A needle with a cock and
interchangeable syringe connection is permanently fixed into the base of the stripper and a
syringe containing oil is attached to the fixed needle. The oil is injected by the movement of a
pneumatic actuator on the syringe plunger.

The volume of oil injected shall be measured with an accuracy better than 1,0 %. Injection from
a precision syringe has been found to achieve this requirement but the difference of syringe
mass before and after injection is to be preferred if better accuracy is required.
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Dimensions in millimetres
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b) Example 1 of stripper
for_ general analysis
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a) Stripper for hydrogen analysis c) Example 2 of stripper
for general analysis

Key

1 glass indentations
2 capillary tube

3 oil injection septum

13 connection to six-port gas-sampling valve (see Figure 12 a))

Figure 7 — Types of glass strippers
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Dimensions in millimetres
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stainless steel tube (OD 6 mm — ID 4 mm) 8 end of oil injection needle
heating blocks 9 air cylinder
temperature sensor 10 oil injection
5 ml syringe 11 three-way valve
aluminium bracket 12 stopcock
stainless steel capillary tubing inlet and outlet 13  connection to six-port gas-sampling valve (see
(OD 1,6 mm) Figure 12 a))
waste oil 14 biconical union

Figure 8 — Stainless steel stripper


https://iecnorm.com/api/?name=ed61fe0e3bea5b79e3caa2830228a584

IEC 60567:2023 CMV © IEC 2023 -31 -

8.4.3 Outline of procedure

a) As shown in Figure 9 a) connect the stripper in place of the sample loop of the gas
chromatograph gas-sampling valve preferably using compression fittings. Vacuum rubber
tubing may alternatively be used for the connections then verify that there is no leakage due
to overpressure of the carrier gas; if such is the case, reduce the overpressure.

b) Maintain the stripper at a controlled temperature between 20 °C and 80 °C. Indeed, elevated
temperatures reduce oil viscosity and facilitate gas stripping.

c) Allow the carrier gas to flow through the stripper.

d) Before injection of the oil, check that the operating conditions of the equipment are
satisfactory and particularly that the baseline on the recorder is stable.

udon the type of stripper used and the expected gas content. During this operatiop, the

e) IrHect the oil to be analysed into the stripper. The volume of oil to be injected will dépend
calrrier gas flow through the stripper shall be maintained.

f) Affer the analysis has been completed, some stripper designs permit a _back flush pf the
injected oil to waste without disconnecting the stripper. If the stripper is¢to-be disconnected
fof cleaning, the gas outlet tube should be disconnected first to avoid\thé possibility jof the
oil sample entering the gas-sampling valve. Carry out the analysisasjin Clause 9.

IEC IEC

IEC IEC

Position B:purge (emptying of tripper) Position B1: injection + purge (emptying of stripper)

a)| Usual arrangement for degassing b) Arrangement with cold trap added for use
ap to about 2,5 ml of oil with larger quantities of oil

Key

A inlet carrier gas stripper
B outlet carrier gas (to chromatograph) six-port gas-sampling valve
C carrier gas for extraction mercury valve

cold trap

a b~ WO N =

waste vessel

Figure 9 — Schematic arrangement for connecting
an oil stripper to a gas chromatograph


https://iecnorm.com/api/?name=ed61fe0e3bea5b79e3caa2830228a584

-32 - IEC 60567:2023 CMV © IEC 2023

8.5 Headspace method
8.5.1 Principle of the method

In this method a volume of oil 7| is introduced in a glass vial in contact with a gas phase
("headspace") of volume V5. A portion of the gases dissolved in the oil (H,, O,, N5, CHy, CoH,,
C,yHy, CyHg, CO and CO,) transfers to the headspace, under equilibrium conditions of
temperature, pressure and agitation. The headspace is transferred to an injection loop or
directly in the column of the gas chromatograph depending on the apparatus used. Calibration
curves are used to establish the concentration of each gas in the headspace. The
concentrat|ons of the gases |n 0|I are then calculated by usmg Henry s Iaw and expenmentally
determir - - ‘ ‘ v : jards.
A schpmatic representatlon of this method is shown in Figure 10.

WARNING - This method will provide reproducible results only if all the rgperation and
calibration parameters are precisely controlled, otherwise significant errors-maycan occuf. The
followjing parameters are of particular importance: total volume of vials, volume of oil, tightness
of sefta, temperature, dilution with argon and actual pressure in the vials“after each step |of the
procefdure. The same exact parameters should always be used for field’samples, gas standards
and ojl standards.

NOTE | Symbols and abbreviated terms used in 8.5 are listed in 3.2.1 and 32/2:

5——X) S &X—»8

7
2/'H—|D—,'—[‘
-

4

3

IEC

Key

N

vial

septum

oil $ample

gasiphase

carrier gas
pressurization gauge

headspace sampler needles

o N o o b~ 0w N

to GC injection loop and detectors

Figure 10 — Schematic representation of headspace sampler
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8.5.2
8.5.2.

An ex

8.5.2.

Headspace extraction apparatus
1 General remark

ample of a suitable design includes the following components.

2 Headspace sampler

This sampler is equipped with a transfer line connected directly or through a T union to the first
column of the gas chromatograph. Samplers equipped with a syringe injection have not been
evaluated.

NOTE

If inject
flush th
the vol

A sed
chrom

perfolm-Buchholz the gas collecting relay analysis. These operations,are* also possible

the h
samp

8.5.2.
8.5.2.
Use h

NOTE

The total volume of the vial 7 has a greatijnfluence on the value of the V5/V, ratio, and
bsults. Since significant variations\of volume can occur between different batches of vials

final r|

The size of injection loops-sheuld-be is adapted to the type of columns in order to avoid broadening of
ion loops larger than 1 ml are used,-itshould-be-verified-thatthe an overpressure-is high enough to\ade
e sample loop is used and-fill-t filled to atmospheric pressure prior to the injection step (thisrwill"dep
ime of the circuit between the vial and the vent in some systems).

ond injection loop—may can be necessary for injecting gas mixtures directly in
atograph, to check the response of the GC detectors daily with calibrated gas, 4§

badspace sampler, after transferring the calibrated gas mixture or the-Buchholl
e from the gas collecting relay into pre-purged vials.

3 Headspace glass vials

3.1 General

20 ml vials have shown good performance. Thgiractual volume is closer to 22,3 ml.

peaks.
juately
end on

o the
nd to
using
z gas

padspace vials suitable for use with the equipment. The actual volume of commercid|l vials
may dan differ from the nominal value.

bn the

and Hetween different vials of the<'same batch, the average value for each batch of vials

purchpsed by the laboratory should be determined when they have different batch numbers.
This ¢an be done by measurement of the mass of pure water that can be contained in|a vial
accorfling to the procedure described below in 8.5.2.3.2.

Condition 10 to 20 vials from the same batch and 100 ml of distilled water for 1 h at|room
tempgrature and note_the temperature.

8.5.2.3.2 Headspace glass vials calibration procedure

Determine the weight of the empty vials to the nearest 0,01 g. Fill the vials completely with
distillgd‘water as shown in Figure 11 and reweigh to the nearest 0,01 g. Calculate the vplume

of each—val by UD;IIU the fu::uvv;lly cquat;uu.

V=(W=-Wy)lD

where

14 is the total volume of the vial, in ml;

W, is the weight of the empty vial, in g;

/4 is the weight of the vial filled with water, in g;

D is the density of water at measurement temperature, in g/ml.

Calculate the mean volume and the relative standard deviation, s % for the vials tested. If the
value of s % is higher than 1 %, the controlled batch of vials is rejected and a new batch of vials
shall be tested.
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Figure 11 — Vial filled withr water

8.5.2.4 Septa

The brands of septa used should not introduce>contamination of the vials during analys

shoul
need|

i not leak after having been punctured by needles, especially by the large dia
bs in 8.5.3.1.3.

The guitability of septa is checkedy by analysis on blank vials containing argon o
atmogpheric pressure, having been punctured the same number of times as the vials cont

the oi

| samples or gas standards and left for 24 h at room temperature. Very low quanti

oxygedn and nitrogen should e found (not more than 150 pl/l O, and 350 pl/I N,).

water
crimp

Anothler means of checking septa is by immersing the closed vial with its pierced septuml in a
g

bath heated at 90 °C and checking for bubbles This test is useful also for checki
ng method.

Porosjity of septa can also be tested by filling a number of crimped vials (at least 10) with

mixtu
Using

erloc of ahout ona weoek tha firct analvucac haina mada ac onn
p of about-one—we ret-analyses a5

e conhtaining approximately 100 pl/l hydrogen using one of the methods within 8.
the method in 8.5.4.3, analyse duplicate vials for hydrogen content at intervals (¢

s and
meter

nly at
Rining
ies of

the

a gas
5.3.1.
ver a

n-ac naccihla Aftar fillig
e1G—te—+ D-eHHg—+aee 00— SStBre—aHer—Hht

g the

vials. Normal calibration procedures should be carried out. The septum and seal are acceptable

if the

NOTE

rate of decrease in hydrogen concentration is less than 2,5 % per day.

1 Only polytetrafluoroethylene-lined septa-sheuld-be are used, preferably of the chlorobutyl rubber, high-

temperature type«{(PFFE =polytetrafluoroethylene=Teflon-®). Silicone rubber septa have been found to leak and
should-be are best avoided.

In any case, new types of septa-sheuld-be are checked before use. The quality of the crimping equipment (crimping

head a

nd perforated aluminium caps) and the skill of the operator have been reported as critical.

NOTE 2 When the reliability of septa cannot be assessed with certainty,-it-isrecommended-that a subprocedure

8.5.3.1

.2 (preparation of vials in an inert box)-be is used.

NOTE 3 These tests are typically performed on each batch of 3 000 vials.
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8.5.2.5 Oil syringes

Appropriate oil volumes, measured as precisely as possible, are introduced in the vials, so that
the Vg/V| ratio is the same for all field samples and gas-in-oil standards analysed. Volumes of

10 ml to 15 ml have been found suitable, but lower or larger oil volumes may be used,
depending on the gas content of the oil sample. Glass syringes of 20 ml, 30 ml or 50 ml can be
used. New batches of syringes should be calibrated with the following procedure.

Fill a syringe with 20 ml of oil of known density. Weigh the filled syringe to the nearest 0,01 g.
Draw 15 ml of oil from the syringe then reweigh the syringe. Subtract the two weights to obtain
the weight of oil drawn. Calculate the volume of oil by dividing the weight of oil by the density
of the—oit—Pe T—this—test—on syringes—of—each—rmew batek ateutate—the—standard
deviafion(s) and s % for the 20 syringes. If s % is higher than 1,3 %, the controlled~ba
syringes is rejected and a new batch of syringes shall be tested.

O O v, Y O atC W—oatCn-

Glass| syringes are not intended for precise volumetric work. The index mark‘ on” the pigton is
about| 0,5 ml in width, allowing considerable variations with operators. Theréfore, the [exact
amoupt of oil introduced in a vial should be measured by weighing the vial'orthe syringe before
and after introduction of the oil (see 8.5.3.1).

Two different types of needles are needed (A and B). For type A; 0,84 mm ID (gauge 18) (for
the trgnsfer of oil) and for type B, 0,25 mm ID (gauge 26) (for thé/transfer of gases and prgssure
equilibration) have been found suitable. Needle size should be*adapted to the type of sefpta to
ensurg that they will not induce leaks (see 8.5.2.4).

For tHe procedure of 8.5.3.1.3, a maximum size of 0;84 mm ID and 1,27 mm OD (gauge|18) is
reconjmended to avoid leaks through the septa.

For the procedure of 8.5.3.1.2, larger size n€edles may be used as they will not be uged to
pierceg septa, and a larger size needle will facilitate oil introduction.

8.5.2.6 Inert boxes
8.5.2.6.1 General

An ingrt box (either a glove box, a glove bag or a "revolving table") is required for the prodedure
of 8.513.1.2.

8.5.2.6.2 Glove box

The glove box.and-its lock chamber should be purged with at least five times its volume of jargon
(typically, at.’400 ml/min). Alternatively, a plastic glove bag, filled with all the necgssary
equipment(syringes, vials, etc), then purged with argon, may be used.

8.5.2.6-3—Revolving tabte

The "revolving table" is described in Figure 12: a carousel carrying 20 empty vials is placed in
a circular housing, hermetically covered by a transparent removable lid. The carrousel can be
rotated from outside with a knob.

A septum is attached to one side of the lid, and a vial crimper on the other side, both facing the
mouth of the vials.

The revolving table is continuously flushed with inert gas (the same used as carrier gas) at a
known and constant flow rate and pressure, to ensure constant operation conditions.
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Figure 12 — Revolving table

8.5.2.7 Headspace operational conditions

See Table 2. The same conditions can be used for mineral and non-mineral oils.
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Table 2 - Examples of headspace operating conditions

Headspace operating conditions

Carrier gas Argon

Temperatures, in °C Vial 70
Transfer line 70 to 150
Injector 150

Pressure, in kPa Overpressure in vial 35 to 40

Volume, in ml Sampling loop 0,25to 1

limes, In min Equilibration 10 to 180
Pressurization 0,05 to 0,25
Pressure equilibrium 0,05 to 0,25
Expansion in sample loop 0,20 to 0,25
Injection 0,20 to.1,00

Mixing power High

NOTE 1 Ultrasonic agitation-sheuld is not-be used to speed up equitibrium times as

it-may can produce hydrogen.

NOTE 2 "High" (or "maximum") mixing power refers tethe position on the

headspace equipment (about 100 shaking movements per‘minute).

NOTE 3 The pressurization time used is the shortest‘one to get equilibrium.

bring/ or recording of measurable parameters (argon overpressure, temperature

within] a precision of £0,5 % is advisable to verify if they have not changed accidentally

an ex

ended run.

This dan be done by recording or printing the electronic reading of pressure available with
headgpace equipment during the analysis.-This-may-need Important modifications are us

some

headspace samplers that have only mechanical reading of the pressure.

The dtmospheric pressure and ambient temperature shall be recorded when filling the
within|a precision of £0,5:%, to be able to calculate actual quantities of gases introduced
varioys steps of the procedure and/er to convert to the conditions of this document.

8.5.2.

8 Gases

The afgon used shall be chromatography graded (typically, > 99,999 % pure).

etc.)
juring

in the
ed for

vials,
at the

worst

Standlard“gas mixtures supplied with a calibration certificate of +1 %, if available, or at
12 %, are used to establish a calibration curve for each dissolved gas. The concentrations of
the mixtures should be chosen in order to fully cover the expected concentration range of field

samp

les, which depends on the type of equipment to be monitored.

Different levels of concentrations in the calibration curve may be obtained by injecting different
volumes of the same standard mixture or by using different standard mixtures in a suitable
concentration range.

8.5.3
8.5.3.
8.5.3.

Headspace extraction procedure
1 Preparation of vials
1.1 General

Two alternate methods are possible, using either an inert box or needles.
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8.5.3.1.2 Preparation of vials in an inert box

8.5.3.

1.2.1 General

2023

This method has the advantage that septa are never punctured before being placed in the
headspace carrousel. The risk of septa leak (with its dramatic effect on analysis results) is

theref

8.5.3.

ore much reduced.

1.2.2 Pre-purging of vials

Pre-purging can be carried out

a) in
10
ne
in
lo
wi

b) in
an
10

8.5.3.
Vials
a) in

Sy

an
fixg

the glove box: for practical reasons, series of 10 samples are prepared. Label and

vials with their corresponding perforated aluminium caps and septa (uncrimped)
arest 0,01 g. Place the 10 weighed vials, 10 glass syringes of 20 ml, and 107ail sa
their glass syringes or glass ampoules in the lock chamber of the glove hoX. Purg
Lk chamber with argon. Transfer the content of the lock chamber into thé |glove box
h argon;

the revolving table: up to 20 empty vials weighted as above and their corresponding
d septa (of known average weight) are placed in the closed housing. Purge with arg
min to 15 min.

1.2.3 Preparation of vials with oil samples

vith oil samples can be prepared as follows:

the glove box: with a 3-way valve transfer about s ml of the first oil sample into a
Finge and rinse the entire body of the syringe.with the oil. Release the 5 ml oil to

a needle to the glass syringe.

R
1

final oil volume (between 10 ml and\15 ml) has been chosen.

Clpse the vial with its septum and.erimping cap and crimp with the help of the crimping
making sure that the lined side:is turned towards the inside of the vial.

\[e
sa

Repeat the same procedure for the other nine samples.

b) in
ab
of

lease about 5 ml of oil into the waste vessel, then fill an empty vial with the rem
ml of oil with the tip of the needle to-the bottom of the vial. Adjust the volumes if a

nple-should-be is discarded.and a new one prepared.

the revolving table: connect a needle to the syringe containing the oil sample. Rg
out 5 ml of-the"oil sample into the waste vessel, to condition the needle and remove
air bubbltes. Introduce an aliquot (10 ml to 15 ml) of the oil sample in a vial throug

S
C

pr

rousel*again and crimp the vial using the crimper and vial lifter. Repeat the
cedure for the 20 vials, then stop the flushing, open the lid and remove the vials frg

weigh
to the
mples
je the
filled

caps
on for

glass
waste

d fill the glass syringe with 20 ml of oil. Diseconnect the oil syringe or glass ampoule and

Rnining
lower

bead,

TE 1 Closing the vial-shewld*be is done within 45 s after the vial has been filled with oil; otherwise, the

lease
races
jh the

ptum of.the lid. Rotate the carousel and move the caps on the top of the vials. Rotdte the

same
m the

ca

1
TUUSCI.

c) Take the crimped vials out of the glove box or revolving table and weigh them to the nearest
0,01 g. Calculate the mass of oil by subtracting the weight of the empty vials from the weight
of the filled vials and calculate their volumes by dividing the mass by the density of the oil.

NOTE 2 The actual density of oil (measured according to ISO 3675 or other standardized method)-sheuld-be
is used for the calibration procedure with gas-in-oil standards. For sample analysis, an average density of the

oil

type (e.g. one for paraffinic oils and one for naphthenic oils)-sheuld-be is used.

Measure the pressure and the ambient temperature in the glove box or revolving table precisely.

Place

the oil-filled vials in the headspace carousel for analysis.

The same procedures apply to gas-in-oil standards.
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8.5.3.1.2.4 Preparation of vials with gas standards

This is effected outside the glove box or revolving table. Place a piece of paraffin film
(Parafilm®)' on the mouth of a vial. Insert two needles through the film. Purge with calibrating
gas mixture so that the purging volume of the vial is at least five times the volume of the vial
(typically, 1 min at 100 ml/min). Remove the needle and close the vial with a septum and crimp
cap, without removing the film.

8.5.3.1.3 Preparation of vials with needles

8.5.3.1.3.1 General

Crim;ia series of vials using perforated aluminium caps fitted with a PTFE-lined septum.\BHnsure
that the lined side is turned towards the inside of the vial and that the latter is properly qealed
by try|ng to turn the cap. If the cap is not tightly fixed, repeat the process.

8.5.3./1.3.2 Pre-purging of vials

Insertltwo needles A (8.5.2.5) through the vial septum, one to be used as;inlet gas and the other
as ouflet gas, on the sides of the septum, not in its centre. Purge each vial with argon af least
five times the vial volume (e.g. at a rate of 1 I/min for 0,1 min at(420 kPa or 120 ml/min for
1 min).

First lemove the outlet needle and then the inlet needle, tobuild up some argon overprgssure
in the|vial. Removal of the outlet and inlet needle should-be done with a minimum of dglay in
order to avoid excessive overpressure if high flushing.rates are used.

The efficiency of this preparation technique cantbe checked by analysis of one of these vials
contalning only argon. This has also been usedto test the quality of septa (see 8.5.2.4)| Very
low gliantities of oxygen and nitrogen shouldibe found (see Note 2 of 8.5.2.4).

8.5.3.1.3.3 Preparation of vials with gas standards

Insertltwo needles A (8.5.2.5) through'the vial septum, one to be used as inlet gas and the other
as outlet gas. Purge one vial with each calibration gas mixture at the same rate uged in
8.5.3.1.3.2.

First remove the outletineedle (overpressure will take place in the vial). Remove the inlet
needle. Using a 10 ml~syringe with a type B needle remove the overpressure in the \ial by
insertlng the needle of the syringe through the septum. After equilibrium, the atmospheric
presspre will begbtained. If not, the dilution factor, and the results, will be affected when jargon
overpressure@syapplied at the next stage.

Measure the ambient temperature and atmospheric pressure precisely in order to determipe the
exact|quantities of gases present in the vial and/er to convert to normal conditions (20 °C;
101,3 kPa).

8.5.3.1.3.4 Preparation of vials with oil samples

Weigh a pre-purged crimped vial. Attach a type A needle to the syringe stopcock. Insert the
needle through the septum and insert simultaneously a second type B needle to release the
argon overpressure.

1 Parafilm® is the trade name of products supplied by Pechiney Plastic Packaging Company. This information is

given for the convenience of users of this document and does not constitute an endorsement by IEC of the
products named. Equivalent products may be used if they can be shown to lead to the same results.


https://iecnorm.com/api/?name=ed61fe0e3bea5b79e3caa2830228a584

- 40 - IEC 60567:2023 CMV © IEC 2023

Fill up the vial with the chosen amount of oil. Remove the two needles together, to make sure
that the pressure in the vial at this stage is atmospheric pressure.

Weigh the oil-filled vial and subtract the weight of the empty vial to get the mass of oil in the
vial. Divide by the density of the oil to get the exact volume of oil in the vial.

The same procedure applies for vials of gas-in-oil standards.

8.5.3.2 Headspace analyses

Place the vials inside the headspace sampler and begin the analysis using operational
condifions such as those given in Table 2 as examples. As shown in Table 2, a large rafge of
tempgratures is possible for the transfer line and the injection valve, as well asfor the
equilibration times-needed, depending on the exact type of equipment used.

NOTE | Pressure in the vials at this stage-sheuld is always be-below the injection pressure (#40.kPa). Pregsure in
the gloye box-may can exceed this, in which case it-should-be is measured (in the glove box,)or' in the vial, yith the
gauge pn the headspace equipment) and reduced if necessary. Ideally, it-should-be is close to“atmospheric pfessure
and-sh¢uld-be known with precision in order to make the corrections and calculations indicated in 8.5.4.2 and $.5.4.3.

Record the actual atmospheric pressure throughout the run, since(it~may can vary by several
per cent over an extended run, especially if unattended, and it-nfay can be necessary tomake
corregtions to total pressure in the vial.

8.5.3. Procedure for analysis at low concentration levels

The pfocedures described in 8.5.3.1 and 8.5.3.2 provide the detection limits specified in Table 5
for sefvice tests. More sensitive procedures (and special attention to avoid contaminatiop) are
required to obtain the detection limits specified foracceptance tests, where extracted gapes in
the hgadspace of the vials are in the nl/l range.

Toepler and partial degassing, where extracted gases are in the pl/l range at these levels, are
more [recommended for acceptance tests. However, if headspace is to be used fgr low
concentration levels and acceptance tests, the more sensitive equipment and procgdures
descr|bed below are required:

— capillary GC columns such-as the PLOT columns described in 9.3.2;
— refluced dead volumes between the vial and the GC detectors;

- chration with different calibration curves;

— manual (ratherthan electronic) integration of the baseline of GC peaks. This will lowgr the
ddtection limhits to typically 0,2 ul/l for hydrocarbons;

— fof the still'lower detection limits of acceptance tests, a larger injection loop of 1,5 ml,
followed by a split of the gas sample between the vial and the GC columns (typicdlly, of
1/50%t@ 1/100). This will result in much sharper GC peaks (particularly for hydrogen);

NOTE The equipment—may can be instructed to automatically choose the splitter option (e.g. 1/100 for
acceptance tests and 1/10 for service tests).

— alternatively, a syringe may be used to manually transfer a gas sample from the vial to the
injection port of the GC. This will eliminate the gas dilution resulting from argon
pressurization of the vial.

8.5.3.4 Procedure for analysis at high concentration levels

It has been observed that when hydrogen concentration levels are too high, the measured
values are considerably below actual values. In such cases, a smaller volume of the oil sample
should be used to obtain accurate results.
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It has been found that when the hydrogen content is typically above 6 000 pl/l, a second sample
with 7 ml of the oil sample in the vial and a third measurement with 3 ml in the vial should be
performed. Valid results are obtained when identical values with two different dilution factors
are measured.

When using the procedure in 8.5.4.2 (calibration with gas-in-oil standards), introduce the
reduced volume of oil sample (7 ml or 3 ml) in a syringe, complete to 15 ml with degassed oil,
then transfer into a vial and proceed as with regular oil samples. Multiply the measured values
of gas in oil by the proper oil dilution factor (15/7 or 15/3).

When using the procedure in 8.5.4.3 (calibration with gas standards), introduce the reduced

volume of oil'in a vial and proceed as with regular oil samples. Calculate gas concentratj
sample using the equation indicated in 8.5.4.3 and the proper values of Vg and ).

the oi
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8.5.4
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paraneter has changed (argon:dverpressure, new batches of vials or syringes) or if calib
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This non-linearity has been observed mainly with hydrogen dissolved in oil, but samples wi
trations of the other dissolved gases-should can also be measured following a similar procedure.

Calibration of the headspace extractor
1 General remark

ifferent calibration methods are available.

2 Calibration with gas-in-oil standards

5 the preferred method of calibration recommended by CIGRE TF D1.01.15 and Q
2/D1.47.

ults observed during CIGRE inter-laboratory tests using partition coefficients.

ds described in 7.2 or 7.3, are run at least once a month or each time an oper3

detectors with gas standards indicate a change in the response of detectors.

in the-gas-in-gil.standard GIOS.

an unknown-oil sample is run under exactly the same operational conditions, its dis{
bncentrations ¢ can be obtained by using these calibration curves.-A-small-cor

bns in

h high

IGRE

The aEvantage of this method is that knowledge,of precise partition coefficients-reed is not-be
: necessary. Neither is it affected by 'the linearity problems evidenced by the s

catter

gas-in-oil standards (GIOS)cat different concentrations, prepared according fo the

tional
ration

calibration curvesare drawn, relating peak height or peak area to the concentrafion of

olved
bction
d-and

For th

8.5.4.

e storage of gas-in-oil standards, see CIGRE TB 783-2019, section E3, p.44.

3 Calibration with gas standards

It has been confirmed in CIGRE TB 783-2019 that laboratories using the calibration method in
8.5.4.3 have less accurate and more disperse results than those using the preferred method in
8.5.4.2, based on numerous round robin tests and proficiency test programmes.
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The advantage of this method is that there is no requirement to prepare gas-in-oil standards for
direct calibration of the headspace extractor.

Partition coefficients-reed are to be determined accurately, however, under exactly the same
operational conditions as the oil samples (see 8.5.4.4).

A vial containing the gas standard, prepared according to 8.5.3.1.3.3, is placed in the
headspace sampler and analysed through the headspace injection loop.

Calibration curves relating peak height or peak area to the concentration of the gases in the
gas standard are drawn. When an oil sample is run under _exactly the same operational

condi

calibrgtion curve.

The cpncentrations in the oil sample are then determined using the following eguation,
nry's law, which requires that the partition coefficients K and the actual vial volumg¢ ratio
(Vg/V]) for each oil sample be precisely determined.

on He

+-5-5P)—replacing—gas-in-oil—standard™ by “gas—standard™ Generally, gas standard

ions, the concentration of the gases in the gas phase Cg can be obtained by usin

P =Cg=x(K+Vg /W)

¥, and V are calculated according to 8.5.2.3.2 and 8.5.2.5.

aYalll 7a mosphe Nnre a Nad tempe a NO a
O C+— oo o - c 2 atu Savpas
H “ H H ” “ ”

3 g

g this

based

Hsee

S are

prepared together with oil samples and so the temperature and pressure inside the vials mefore

headgdpace extraction should be the same. Conéérnhing the atmospheric pressure, it ca
during the time-needed-foranalysing several samples are analysed; as a consequence, in

syste
gas (

this, g correction for atmospheric pressure should be made.

NOTE

perfornpance of the extractor-be is verifi€d*regularly by running gas-in-oil standards.

8.5.4

The regcommended method of determination of partition (or Ostwald or solubility) coefficig

the C

Methqd-B2780; or bubbling a standard mixture of gases in the oil.

It has|been shoewn by CIGRE that partition coefficients measured by different laboratories

the h
are n

ms equipped with sample loops in equilibrium with atmospheric pressure, the amo
number of moles) going to the detector through the sample loop can change. Beca

P Although-it-is—hot-needed-foreaglibFation—it-isrecommended- When using this procedure-that, the

4 Determination of partition coefficients

GRE TF D1.01.15 method consisting of bubbling pure gases in the oil-according-to

adspace method and gas-in-oil standards, and/er the so-called slope fintercept m¢
%t reliable and reproducible.

vary
some
unt of
Ise of

overall

nts is

using
pthod,

Examples of headspace partition coefficients measured experimentally at 70 °C in a mineral
insulating oil of density ¢ = 0,864 are given in Table 3.
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Table 3 — Examples of headspace partition coefficients at 70 °C in mineral insulating oil

Headspace partition coefficients at 70 °C in mineral
insulating oil
Mineral-oil
Density 0,864
H, 0,074
o, 0,17
N, 0,11
CHL' Q.44
CO 0,12
co, 1,02
C,H, 0,93
C,H, 1,47
C,Hs 2,09
CjHg 5,04
C,Hg 5,37
C,Hg 10,10

Shake test and mechanical oscillation versions of the\Readspace gas extraction methqd are
descr|bed in Annex B.

9 Gas analysis by gas-solid chromatogtaphy

9.1 General remarks

Gas samples, whether obtained from gas-collecting relays or removed from an oil sample, are
analy$ed by gas chromatography.(The gases to be determined are as follows:

— hyldrogen Hb

— oxygen 0,

— nifrogen N,

— methane CH,
— ethane CyHg
- ethylene CoHy
— acetytere E5Hs
— carbon monoxide CO
— carbon dioxide CO,

For the purposes of this document, C; hydrocarbons are not required, but they-may can on
occasion give useful information.

A number of methods may be used for the analyses; the two methods detailed in Table 4 are
given as examples that have been found suitable for all extraction techniques.

The following assumes a measure of competence in the techniques of gas chromatography and
omits, for brevity, many details that-may can be found in practical manuals on these techniques.
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Table 4 — Examples of gas chromatographic operating conditions

Example 1 Example 2
Type of columns Packed PLOT
Column 1 Porapak N®2 or Haysep N®3, Carboxen 1 006®* or
L=3;D=3 Carboplot P7 ®5,
L=30;D=0,5
Column 2 Molecular sieve 5A or 13x Molecular sieve 5A (50 ym)
L=05 D=3 L=30;D=0,5
Tempgrature (°C) of:
Colunpn bypass valve 120 90
FID 250 250
HID 250 250
TCD 200 200
Methgnator 400 350
Oven 35 to 180 40 to. 00
Gase$ separated
On cdlumn 1 CO, (TCD) C,H,, C,H,, CyHg, COL% (FID
CO0,%, C H,, (FID)
On cdlumn 2 H,, 0,, N,, CO (TCD) H,, 0,, N,, CO (TCD)
CO?2 (FID) CH,, CO? (FID)
Argor| carrier gas 25 ml/min 6 ml/min
NOTH
Key
PLOT| porous large open tubular
FID flame ionization detector
HID helium ionization detector
TCD | thermal conductivity detéector
L length (in m)
D diameter (in mm)
a CO and CO,converted into CH, by methanator.

Porapak® is the trade name of products supplied by Water Associates. (Porapaks® are porous polymer beads
modified to give different retention characteristics. Eight types are available; in order of increasing polarity these
are Porapak® P, PS, Q, QS, R, S, N, and T). Haysep® products are polymers of a similar type. This information
is given for the convenience of users of this document and does not constitute an endorsement by IEC of the
products named. Equivalent products may be used if they can be shown to lead to the same results.

Haysep N® is the trade name of products supplied by VICI Valco Instruments. This information is given for the
convenience of users of this document and does not constitute an endorsement by IEC of the products named.
Equivalent products may be used if they can be shown to lead to the same results.

Carboxen® is the trade name of products supplied by Sigma-Aldrich. This information is given for the convenience
of users of this document and does not constitute an endorsement by IEC of the products named. Equivalent
products may be used if they can be shown to lead to the same results.

Carboplot® is the trade name of products supplied by Agilent Technologies. This information is given for the
convenience of users of this document and does not constitute an endorsement by IEC of the products named.
Equivalent products may be used if they can be shown to lead to the same results.
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9.2 Outline of suitable methods using Table 4

In example 1 of Table 4, two separate runs are made, one with a Porapak® column and the
other with a molecular sieve column. A single detector having adequate sensitivity for all the
gases to be detected is not available; thus, the gases eluted from the column in use are passed
over both a thermal conductivity detector which detects atmospheric gases, CO, CO, and H,

and a flame ionization detector which detects hydrocarbons.

To determine CO and CO, with improved sensitivity, a methanator may be fitted at the inlet of
the flame ionization detector to convert CO and CO, to methane, which is then detected by the
flame ionization detector.

In exgmple 2 of Table 4, more sensitive porous large open tubular (PLOT) columns.are|used,
particularly in the case of headspace extraction.

When|using a stripping extraction method, it may not be possible to achieve the sensitivily and
precigion for hydrocarbons required for factory tests using less than 5 ml.of oil. Larger voJumes
of oil |(10 ml) require longer stripping times to extract the dissolved gases, which would give
unacdeptable gas chromatograms unless the extracted gases were to\be concentrated by cold

trapping.

The method in 9.3 is written for an apparatus in which the“outputs from the detectors are
switched electrically so that they may be dealt with by a Single channel integrator or gingle
chanrel chart recorder. Use of a dual channel integrator or recorder eliminates the negd for
switching.

9.3 |Apparatus
9.3.1 Gas chromatograph

Figure¢ 13 is an example of the layout of arlinstrument that has been used and found acceptable.
Injectlon arrangements shall suit the.method by which gas is transferred from gas extraction
equipment into the chromatograph.

Thus,|the vacuum extraction(equipment described in Figure 6 and used for both Toepler|pump
and pprtial degassing methods transfers the gas via a gas sample valve and calibrated spmple
loop, p method recommeénded to improve repeatability.

Alternatively, gas samples may be transferred and injected into the chromatograph using a
precidion gas-tight-syringe, and this latter method is generally used for gas samples from gas-
collecting reldys.

In the
insert
plus cold trap are used are shown in Figure 9 b).

case-of extraction by stripping (see Figure 9), a sampling valve is used, with the stripper
i in Fi ripper

In the case of the headspace method, the headspace accessories described in 8.5.2.2, a bypass
valve, and a zero-dead volume adapter (0,53 mm ID) for the column connections are used for
injecting extracted gases.
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Positign A: Sample loop-filling Position B: Injection
1 sfopcock 8 integrator
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Figure 13 — Schematic arrangement for gas chromatography
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9.3.2 Columns

In the present examples of Table 4, two columns are used with a two-way valve enabling
selection between the columns.

However, the important requirement for all columns is that they should achieve good separation
in as short a time as possible, while giving all elutions on a stable baseline. The columns
indicated in Table 4 are given only by way of examples and other columns meeting these
general requirements may be used.

In the case of the headspace method, the packed columns described in example 1 of Table 4
can bgused—fortheToutime—amatysisof oits; however,attowgas=im=oitconcentratiomtevels,
gaseq shall be detected in the headspace phase at the nl/l level. This requires the use of the
PLOT| columns of example 2 of Table 4. At these nl/l gas levels, special care should-be [taken
to prejvent contamination and in the control of the GC detectors.

9.3.3 Carrier gas

The chprrier gas is, preferably, gas chromatograph grade argon.

9.3.4 Detectors

The gpses eluted from the columns are passed over a thermal‘conductivity detector (TCD) and
a flame ionization detector (FID). A helium ionization detector (HID) can be used instead [of the
FID apd TCD. The HID is 10 times more sensitive than-the FID, using helium as a carriefr gas,
and dpes not require the use of a methanator.

9.3.5 Methanator

In thel present examples, a methanator is fitted at the inlet to the flame ionization detegtor to
improje the sensitivity with which CO andi€0, can be detected by converting these gases to

methgne.

NOTE | The activity of the methanator-fray can be impaired by the presence of sulphur hexafluoride (this| gas is
sometimes used in cable terminal boxes.and-may can diffuse into the equipment filling oil). In this case, a djfferent
analyti¢al arrangement-should-be is used which is not described in this document.

The mgthanator-may can lose_some sensitivity (and the CO,/C,H, and CO/CH, ratios decrease) with time, Qut-may
can be|recalibrated.

9.3.6 Cold trap

When| the stripping method is used, a cold trap may be fitted at the outlet of the stripper to
improye thessensitivity for hydrocarbons.

Figure 9-b) shows an example of the method of inclusion of a cold trap. A typical devicd used
consists of a 130 mm long, 6 mm OD, stainless steel tube packed with 100/120 mesh
Porapak Q® or equivalent, maintained below -54 °C in a suitable freezing mixture such as solid
carbon dioxide and alcohol.

During stripping, a separate carrier gas stream circulates in the cold trap while the main carrier
gas flows directly to the gas chromatograph. After stripping, a valve is switched to direct the
carrier gas flow through the cold trap. Then the trap is rapidly heated to 80 °C, injecting the
trapped gases onto the analytical columns.

9.3.7 Integrator and recorder

The electrical outputs from the detectors are fed to an integrator. Additionally or alternatively,
a chart recorder may be used.
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9.4 Preparation of apparatus

a) Set up the chromatograph and allow the flow of carrier gas and the temperature to stabilize
as shown by the production of a steady baseline.

b) For the vacuum extraction methods, either inject the gas sample using a syringe or with the
gas sample loop previously evacuated.

c) For the stripping method, introduce the oil sample into the stripper by means of a precision
syringe.

d) For the headspace method, inject the extracted gases using accessories indicated in 9.3.1.

9.5 Analysis

See Higure 13.

A posfsible procedure using one chromatograph fitted with two columns, a gas-sampling|valve
and a|methanator is given below (example 1 of Table 4).

a) Adjust the selector valve (4) (position A) to bring the Porapak® (5a)‘or-equivalent cplumn
info use.
b) Tdrn the sample valve (2) to introduce the gas sample.

c) Usge-the another switch-{108} to select the flame ionization detéector (6b). The first pg¢ak to
emerge will be CO converted to CH, by the methanator. The/second peak will be CHj. The

th{rd peak is CO, converted to CH, by the methanator, @nd this is followed by C,H,,|C,Hg
and C,H,.

NOTE | The CO and CO,, having been converted to CH, by the, methanator, are detected at high sensitivity] by the

flame ipnization detector. High concentrations of these gases~say can well exceed the linear range of this d¢tector.
In this tase, use-may can be made of a thermal conductivity detector to evaluate the CO, before methanatiof.

d) Adjustthe selector valve (4) (position B) to*bring the molecular sieve column into use. Qbtain
a stable baseline.

e) Refill the gas sample loop according to step j) of 8.2.3.
f) Tdrn the sample valve (2) to introduce the gas sample.

g) Uge-the another switch—{4#8)to select the thermal conductivity detector (6a). Peaks will
emerge in the following order: H,, O, and N,.

h) Uge-the another switch-(148} to select the flame ionization detector (6b). The next peak will
bg CHy; the last peak to emerge will be CO converted to CH, by the methanator.

i) Pdrge any retained gases from both columns.
j) One determination per gas sample is normally sufficient.

9.6 |Calibration of the chromatograph

Retentiomtimesare estabtistred by imjectiomof ditutions—of imdividuatgases—imtheTarrier gas
into the columns. The response factors of the detectors, however, are preferably determined
using a standard gas mixture diluted with the carrier gas, containing known concentrations of
all gas components to be determined, in proportions resembling those found in oils from
transformers. Such a standard mixture should be used periodically, depending upon the stability
of the equipment. For better precision, calibration should be undertaken immediately before
analysis of the oil sample.

The minimum number of standard gas mixtures-needed for calibration of the chromatograph
varies from one to three. Only one is—needed necessary when performance of analysis
equipment has been found linear (by verification of the entire system) in the concentration range
of gases usually found in transformer oil.

A different standard for verification of GC detectors should be run at least once a day.
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9.7

Calculations

a) ldentify the gas corresponding to each peak by comparison with the chromatograms

ob

tained during calibration.

b) Measure the area or height of each peak, note its retention time and apply the calibration

da

ta to obtain the gas volumes.

c) When dealing with analyses of gases taken from gas collecting relays, calculate the

Cco

ncentration of each gas in per cent by volume.

d) When dealing with analyses of gases extracted from oil, calculate the concentration in
microlitres of each gas per litre of the oil from which it was extracted (or micromole of each

ga

s per litre of oil).
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ved gas concentrations in the oil sample should be converted to these standard eong
25 kPa and 20 °C), using the following equation:

CE (corrected) = CE x(P/101,325)x(293/(273+¢)

is the concentration of gases in the oil sample at ambient temperature and pressu

is the ambient temperature, in °C;
is the atmospheric pressure, in kPa.

1 pl/ 1 corresponds to one part per million (1 ppm) by volome and 0,042 ymol/l at 20 °C and 101,3

Concentrations in umol/l can be converted to pl/l arppm, under the standard conditions of Not
ing by 22,4 (293/273).

B The total gas content of oil by volume, expressed as a percentage, in the case of partial deg
g and headspace methods, can be estimated by the sum of the individual gas concentrations expresse
he standard conditions of Note 1.

orrection for incomplete gas cexiraction in partial degassing method is descrif
A.

brrection for gas bubblesJin oil syringe or air gap in rigid bottles is described in Ann

Verification of the entire analytical system

referredsmethod of ensuring that the entire system (extraction and chromatography)
and.dccurate results is by analysing a known quantity of gas-in-oil standards (cont

itions

Pa.

e 1, by

Bssing,
g in ul/l

ed in

ex D.

gives
nining

gases listed in 9.1 in proportions resembling those found in oils taken from transfor

mers)

in place of an oil sample and carrying out all the procedures detailed in Clause 10.

In the case of the Toepler pump extraction method, it has been confirmed that the extraction
efficiency and performance of the whole analysis equipment can be verified by the daily analysis
of an air-saturated oil standard (see Annex C) and one standard gas mixture with average gas
concentrations in the range usually found in transformer oil samples.

It is recommended to use at least two gas-in-oil standards, one containing low concentrations
of gases (resembling oils in factory tests) and the other containing higher concentrations
(resembling oils from equipment in the field) to check the quality of the results produced by the
analytical system in the entire linearity range. The chromatogram peak areas or heights can
then be related directly to the quantities of gases present in the oil, compensating automatically
for incomplete extraction and other operational factors.
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It is good practice to repeat this procedure at intervals of calibration of not more than six months
or following changes in apparatus or operating conditions.

10.2 Limits of detection and quantification

The basic requirement is that the analytical system, consisting of degassing equipment and gas
chromatograph, shall have adequate sensitivity for the task for which it is designed.

Not only the detection limit, but also the sensitivity, the repeatability and the accuracy of results
depend on many details of the overall procedure, in particular the method of extraction and the
design and method of operation of the gas chromatograph and its ancillaries.

For example, by using a methanator combined with a flame ionization detector, instead of|using
a thefmal conductivity detector, the sensitivity and detection limit for the carbon oxidgs are
considlerably improved.

Tests|on equipment in service where the dissolved gas concentration is often high do not réquire
the sgme detection limits as factory tests where gas concentrations arecusually very low.

In the case of headspace, extraction efficiency is low, and the comgentration of gases |in the
extragted gas phase is typically 100 times lower than with the other extraction methods. At low
gas-in-oil concentration levels, detection limits in the nl/l range in the gas phase ¢f the
headgpace are therefore necessary, requiring the use of\umore sensitive equipment and
procefures (see 8.5.3.3).

It is pecessary that each laboratory determines..overall procedures that will give sditable
sensifivities for all gases. For guidance, experience'indicates that the entire analytical system
should be capable of detecting gases dissolvedin oil at the concentrations indicated in Tgble 5.

For thie analysis of gas samples taken fromigas-collecting relays, a detection limit equivanent to
that optained for the analyses of gases\extracted from the oil for service tests is adequate.

NOTE | The limit of detection is defined as the lowest concentration that can be identified. The limit of quantification
is defined as the lowest concentration-that can be quantified with a reasonable precision and accuracy.

Table5 — Required limits of detection in oil

Acceptance tests Service tests
Gases Concentrations at 20 °C

pli/ pmol/I pl/ pmol/I
Hydrdgen 2 0,08 5 0,2
Hydrdcarbens 0,1 0,004 1 0,042
Carbdn_monoxide 5.0 0.2 25 1.0
Carbon dioxide 10 0,4 25 1,0
Oxygen 500 21 500 21
Nitrogen 2 000 84 2 000 84
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10.3 Repeatability, reproducibility and accuracy
10.3.1 General remark

Repeatability (), reproducibility (R) and accuracy are defined in detail in ISO 5725-1.

10.3.2 Repeatability

Repeatability is related to the differences that are observed when the same oil sample is
analysed several times by the same laboratory over the same day or a short period of time.

For gas concentration levels greater than 10 ul/l the repeatability of a laboratory shpll be
consiflered as acceptable if the absolute difference (A — B) of two measurements A and B
satisfies the following equation:

r=(A=B)<kx(A+B)/2

which| means that the repeatability of the laboratory, at 95 %“Cenfidence limit, is lower than &
times|the mean concentration of the gas analysed. The k coefficient depends on the nature of
the gas analysed.

A general acceptable value, calculated from andinternational IEC inter-laboratory test is:
k=0p# 0,15 for concentrations > 10 pliho'and <1000 pul/l, and £k=0,10 for
concgntrations > 1 000 pl/I.

For lgw gas concentrations (e.
tr\n' e = C /\Alhnre S = dut

O O WItet

same%%@n&%@%&e;—tabe#a%epyqes% can be of the same order of mag
detec

ion limit S.

plfb)ythe required repeatabnlty%@wembyutheﬁfenewmg
fasibml
U

whatever the concentration—as - dedu

ced tha
v oT LLEAIERASASARASAA R R R =R A ) B RN A= oToT IU T To

itude pf the

It is fecommended that eaeh laboratory checks its own individual repeatability at both
concentration levels at appropriate time intervals or after major changes on its system (gas
extragtor and gas chromatograph). To do that, a sufficient number of analyses on mltiple
samples of the samé il are run within a short period of time (less than one day), than the
repeatability of results r is determined according to ISO 5725-1.

10.3.3 Reproducibility

Reprdducibility is related to the differences which are observed when the same oil saniple is

analysedby different laboratories (inter-laboratory reproducibility), or when it is analysied by

the same laboratory over long periods of time (after several days, weeks or months) (intra-
laboratory reproducibility).

Inter-laboratory reproducibility has been evaluated by CIGRE as around 20 % at medium
concentration levels.

It is recommended that each laboratory checks its own intra-laboratory reproducibility at
different concentration levels at appropriate time intervals or after major changes on its system
(gas extractor and gas chromatograph). To do that, analyse multiple samples of the same oil at
regular intervals of time, for instance each week or each month over a period of several months,
then determine the reproducibility of results R according to ISO 5725-1.

A good conservation of the samples is necessary between analyses. Storing the samples in a
refrigerator is recommended to avoid reactions with light and oxygen present in the oil.
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10.3.4 Accuracy

Accuracy is related to the differences that are observed between the values analysed by a
laboratory and the true values of dissolved gases contained in the oil sample.

Inaccurate DGA results-may can lead to wrong fault diagnoses, especially if gas ratios are close
to a fault zone boundary, or to inappropriate actions on the equipment, if concentration values
are close to the typical or alarm values defined in IEC 60599.

To be able to determine accuracy, the nominal values of dissolved gas concentrations have to
be known. The mean of several measured values has been shown by inter-laboratory tests to
be differemtfromtheomimat vatuesDetermimatiomof accuracy shattbecarriedoutwith gas-
in-oil standards prepared according to Clause 7, or through participation to round robin tests
using[such standards, or with certified gas-in-oil standards prepared according to }S© 5725-1.

Examples of accuracies that can be obtained using the overall experimental| procedure are
given|in Table 6. These values are deduced from IEC and CIGRE inter-laboratory tests|made
on two gas-in-oil standards (prepared according to 7.2) and involving 44 |aboratories worldwide.
One standard sample contained medium gas concentration levels (hydracarbons betweer] 9 ul/I
and Q0 pl/l, CO and CO, between 100 pl/l and 500 pl/l). The othéryone contained loyw gas

concgntration levels (hydrocarbons between 1 pl/l and 10 pl/l, CQ-and CO, between 30 |/l and
100 p/n).

It is rgcommended that each laboratory determines its own accuracy, which-may can diffef from
the VI:ues in Table 6. To do that, analyse a gas-in-0il_standard according to Clause 7| then
determine the accuracy according to ISO 5725-1.

Table 6 — Examples of accuracy of extraction methods

Accuracy, in percentage of the nominal value
Extraction procedure Meéedium concentration Low concentration

Toepler 13 35
Partigl degassing 13 30
Stripding 18 23
Heads$pace 18 37
Mercyry-free Toepler 152 142
Mercyry-free partial_ degassing 112

Shak¢ test 15 44

a8 Based ofalimited number of analyses.

The preparation of oil standards saturated with air is described in Annex C.

The procedure for comparing gas monitor readings to laboratory results is described in Annex E.
11 Report of results

The report for DGA shall include

— a reference to this document;

— information on the gas or oil sample (see Clause 5 of this document or IEC 60475:20142022,
4.4, respectively);

— the sampling procedure used (e.g. syringe, bottle) (see Clause 4 of this document and
IEC 60475:201442022, Clause 4, respectively);

e the extraction procedure used (e.g. Toepler, headspace) (see Clause 8 and Annex B);
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e for headspace analysis, reference for the Ostwald coefficients used in case of calibration
with gas standards (see 8.5.4.3);

— the detection limits for each gas with the analysis procedure used (see 10.2);

— for each gas analysed, the results in ul/l or in umol/l (see 9.7).

NOTE 1 When available, it-may can be useful for diagnosis purposes to indicate the average accuracies obtained
by the laboratory at these gas levels with the analysis procedure used (see 10.3.4).

NOTE 2 Guidelines for drafting the report in terms of quality assurance can be found in ISO/IEC 17025.
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Annex A
(informative)

Correction for incomplete gas extraction
in partial degassing method by calculation

IEC 60567:2023 CMV © IEC 2023

From the chromatogram, the sample oil volume, the calculated total volume of gas extracted
and the volume of the aliquot of gas passed into the chromatograph, determine the apparent
volume concentration C; of each component gas extracted from the oil.

Calculate the equilibrium extraction efficiency for each component gas from

wherg
E; i
Vo 14
Vi id
a; ig
Exam

the extraction efficiency for component i;
the volume of the oil sample, in ml;
the total expansion volume, in ml (see 8.3.3);

the Ostwald solubility coefficient of component i.

by CIGRE TF D1.01.15 in 2006

pbles of solubility coefficients for typical mineral oils gf 2006 are shown in Table A.1. \
e recent types of oils can differ significantly.

Table A.1 — Examples of solubility coefficients 4; (at 25 °C) reported

alues

Gas Mineral oils Natural esters Synthetic esters Silicone dils
Hydrdgen 0,055 6 0,047 0 0,051 0 0,092 4
Nitroden 0,090 7 0,072 8 0,087 2 0,157
Carbdn monoxide 0,132 0,111 0,127 0,204
Oxyg¢n 0,172 0,134 0,152 0,266
Methgne 0,429 0,341 0,381 0,569
Carbgn dioxide 1,09 1,54 2,05 1,63
Acetylene 1,24 2,68 4,38 2,04
Ethylg¢ne 1,84 1,69 1,87 2,18
Ethane 2,82 2,16 2,19 3,10

The data given in Table A.1 represent mean values obtained by bubbling the pure gases in
some of the current types of transformer oils.

The actual data on specific types of oils-may can differ a little from these figures.

Calculate the corrected volume concentration of each gas in the oil from:

C; (corrected) = C, (apparent)/E;
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NOTE 1 Solubility coefficients are functions of temperature and of oil density.

NOTE 2 Instead of correcting for incomplete gas extraction by calculation, calibration of the partial degassing
method with several gas-in-oil standards at different concentration levels-may can be used.
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Key Key

1 vacgum pump 1 vacuum pump

2 oil iplet 2 oil inlet

3 oil spmple 3 gas extraction chaniber (glass)

4 gas |extraction chamber 4 oil sample

5 pistepn 5 pressure gauge

6 gas|compression chamber 6 gas compression chamber (glass)

7 to C injection loop and detectors 7 piston

8 oil purge 8 atmospheric air
9 to GCiinjection loop and detectors
10-catibrationgas
140it purge

Figure B.1a — Mercury-free Toepler Figure B.1b — Mercury-free partial degassfng
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IEC 2473/11
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IEC 2472/11
Key Key
1 vial 1 precision syringe
2 septum 2 piston
3 oil sample 3 oil/air inlet
4 gas phase (Ar or He) 4 oil sample
5 carrier gas (Ar or He) 5 gas phase (air)
6 pressurization gauge 6 to GC injection loop and detectors
7 needle
8 to GC injection loop and detectors
Figure B.1c — Headspace Figure B.1d — Shake test
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Annex B
(informative)

Alternative gas extraction methods |2

Mercury-free versions of the vacuum extraction methods

Mercury-free version of the Toepler method

2023

In the equipment used in the mercury-free version of the Toepler method, mechanical pistons

are us
A typi

B.1.2

B.1.2
mech
reconm

A typi
The p

B.1.2
sinter

B.1.2

B.1.2
of 50(

B.1.2
to tra
is co
inject

The total gas C@t is calculated according to gas laws.

Corre

ed instead of the mercury piston to extract the dissolved gases and recompressAh

cal schematic representation of this equipment is indicated in Figure B.1. C)®

go)
3V

Mercury-free version of the partial degassing method (1/

1 In the equipment used in the mercury-free version of the p r@lg\ aegassing m
bnical pistons are used instead of the mercury piston to extrac&&e dissolved gassg

press them. Q)
O

Cal schematic representation of this equipment is indicihg in Figure B.2.
@)
Focedure used is the following. QQ

2 Rinse with the analysed oil by openin@lve 2 under vacuum through the b
bd filter. Then drain the rinsing oil through_valve 11.
3 Evacuate the whole apparatus w&n e vacuum pump during 15 min.
.\Q,

4 Slowly suck the oil sample Slér the sintered filter by opening valve 2, until a pre
Pa to 600 Pa is reached. _,

O

N\
5 Openvalve 8 to puﬁ}he mechanical piston up to a pressure of 18 kPa. Open v
sfer the compressed ‘gas to the transfer line of the GC. The low pressure injection
nected to a vacu&mp to allow further pressure reduction to a defined value, at
on in the GC t@ place.

:tio@incomplete gas extraction should be made as indicated in Annex A.
N

em.

bthod,
s and

uilt-in

ssure

alve 9
valve
which

B.2

B.2.1

Syringe versions of the headspace method

Shake test method

In this version, an oil sample (90 ml) is introduced in a 100 ml precision glass syringe rather
than in a glass vial. 10 ml of air are then introduced in the syringe. The syringe is shaken
vigorously by hand to extract the dissolved gases. Equilibrium is reached in less than 2 min
because of the high shaking efficiency. An aliquot of the extracted gases is then injected in a
portable chromatograph for on-site analysis, or in a standard laboratory chromatograph. A

typica

| schematic representation of this equipment is indicated in Figure B.3.


Informative Annex B has been revised to include a more precise procedure for the mercury-free version of the partial degassing method, used under differential pressure vacuum.

The mechanical oscillation version of the shake test method, widely used in China, has also been included in Annex B.
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1 vdcuum pump 1 vacuum pump
2 oi|inlet 2 oil inlet
3 oi| sample 3 gas extraction chamber (glass)
4 g4ds extraction chamber 4 oil sample
5 pigton 5 pressure gauge
6 gds compression chamber 6 gas cémpression chamber (glass)
7 to|GC injection loop and detectors 7 piston
8 oi| purge 8 . atthospheric air
9\Mo GC injection loop and detectors
10 calibration gas
11 oil purge
Figure B.1 — Schematic representation’of Figure B.2 — Schematic representatign of
mercury-free Toepler method mercury-free partial degassing metiod
3 6
T— 5
4 i
\\0 ]
2 —_ =
E l
IEC
Key
1 precision syringe
2 piston
3 oil/air inlet
4  oil sample
5 gas phase (air)
6 to GC injection loop and detectors

Figure B.3 — Schematic representation of shake test method
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B.2.2 Mechanical oscillation method

The mechanical oscillation degassing method uses a piston syringe whose volume can be
adjusted according to the ambient atmospheric pressure. It simplifies the operation steps of
filling the sample bottle with carrier gas in advance when using vials to prepare the oil sample
bottle for oil analysis. Since both sample degassing and sample gas transfer are carried out at
atmospheric pressure, no additional monitoring and correction of the pressure in the degassing
container is necessary.

A typical schematic representation of this equipment is shown in Figure B.4 a) and
Figure B.4 b). Figure B.4 a) is applied to the scene where manual sample gas transfer is

r‘equir =1ala a e B4b)i anplied to the gne \Wwnere 1n ment g omation i dfor‘
sample gas transfer and analysis.
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bvable of syringe
0§ cilsfﬁ direction
o&cm ing sample disc

Figure B.4 — Schematic representations of mechanical oscillation method

~ o o A
3

Examples of accuracies that can be obtained using these methods are given in Table 6.

These values are deduced from inter-laboratory tests made in 2006 on two gas-in-oil standards
prepared as in 10.3 and involving 10 laboratories worldwide (two for the mercury-free Toepler
method, one for the mercury-free partial degassing method, and seven for the shake test).


https://iecnorm.com/api/?name=ed61fe0e3bea5b79e3caa2830228a584

IEC 60567:2023 CMV © IEC 2023 - 61—

Annex C
(informative)

Preparation of air-saturated standards

Keep a batch of new transformer mineral or non-mineral oil in an open container at
temperature for at least one week. Measure the oxygen and nitrogen content in the oil,
any one of the gas extraction methods, then the air content of the oil at saturation.

The gas extraction equipment is checked with this air-saturated oil standard (see 10.1
found i
this type of oil, with a standard deviation of 3 %.

The gas extractor and the gas chromatograph are checked by the retention~time
concgntrations of O,, N, and CO, in this air-saturated oil standard. All three |[r6tention

should be in accordance with those obtained with gas standard mixtures.

The splubility of air in oil at saturation depends on the atmospheric préessure and tempe
the type of oil used. Examples of solubility values of air forydifferent types of o
ed by CIGRE TF D1.01.15 in 2006, are indicated in Table C.1.

Table C.1 — Examples of solubility values of air,for different oil types

Fluid Density at uMl at 20 °C
20 °C
o, N, co, Air
Mineral oil 1 0,851 8 29 980 65 320 569 95 869
Mineral oil 2 0,888 2 32,080 61780 537 94 397
Natural ester 1 0,921 0 21 995 49 613 647 72 255
Natural ester 2 0,915 8 24 507 50 177 625 75 309
Synthetic ester 0,919,7 21705 45 269 555 67 529
Silicone oil 0,964 5 54 938 113 078 763 168 779

Examples of variatiofisywith temperature of the solubility of oxygen and nitrogen in a mine
as regorted by CIGRE TF D1.01.15 are given in Table C.2.

Table C.2 — Examples of temperature variations for oxygen
and nitrogen solubility in mineral oil

room
using

) and
ed for

5 and
times

rature
Is, as

ral oil

I O NI

Femperature o5 N

°C

13 32 937 62 798
21,5 32750 63 728
25 32483 64 061

50 31465 66 141
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Annex D
(informative)

Correction for gas bubbles in syringes and air gap in rigid bottles

It has been found by CIGRE TF D1.01.15 that gas bubbles are observed in oil in about 20 % of
syringes on average (this value-may can be lower or higher depending on the experience of
samplers).

When using the Toepler, partial degassing and stripping methods, the bubble is introduced into
the ey i 23 ; ; foTT ; [
the hgadspace method, the bubble should not be introduced in the vial, and a correction
gaseq having migrated into the bubble should be made as indicated in 9.7.

In glaps or rigid metal bottles, the air gap volume used as an oil expansion device is about 2 ml
to 5 n)l depending on the size of the bottle (1 [ or 2 1). A correction for the gases-having migrated
into the air gap should also be made as indicated in 9.7.

The following equation can be used for that purpose, for each gas measured:

Co=Cr(1+ Vg ! (kV +7Vx)

Cc ig the corrected concentration, in pl/l;

i the measured concentration, in pl/l;

Vg ig the volume of bubble in the syringe, orlvolume of air gap in the glass bottle, in ml;
V. ig the volume of oil in the syringe arglass bottle, in ml;

k ig the Ostwald (solubility) coefficient.

NOTE | In general, the corrections (10 % 10 5 %) are significant only for the less soluble gases (H,, CO).
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Annex E
(informative)

Procedure for comparing gas monitor readings to laboratory results

Gas monitors (installed on-line on electrical equipment in service or used as portable
instruments) are increasingly used in industry. In some cases, monitors readings do not quite
agree with laboratory results for the same equipment, and it is not possible to know for sure

which

is right, monitors readings or laboratory results.

I : ! 1 1 ! ! () ol
The fl MOWITTYy ProLtuUure Tids DETIT UTCVTIUPCU Uy UIGOTNL

CIGR

— Pyrchase a sample of gas-in-oil standard from an appropriate vendor, or prepar
adcording to IEC 60567 (this document) or ASTM D3612.

— T4

— Tgke four duplicate samples of oil from the sampling point of the mohnitor(s), immed

af

— Fqr portable gas monitors, take five duplicate samples of oil from’a transformer. Usin

of
— Se

— Ar
an

— Caq
— Cs

—  Cq

- Cs

express it as a percentage.

~ TH
pe

For e

F ! 1 ! b
J W TTTIdRT SUCIlT alfl ©valualiu

= TB 409).

er having taken the reading.

the five samples, take a reading of the portable monitor.
nd all the above samples of oil to the DGA laboratory.

alyse all samples on the same day (or over no more than a few days), using the
alytical equipment for all samples.

nvert all DGA results and monitor readings toxthe same units (IEC or STP pl/l).

rrect all other DGA laboratory resultsiusing the bias calculated above.
Iculate the average values (4) of'each set of four duplicate samples, in pl/l.

Iculate the difference (D) between gas monitor readings and average values (4

e maximum accuracy of the gas monitor as measured by the laboratory is (D — R —
r cent, where 2 %’is the uncertainty on the gas-in-oil standard.

ample, if

s-in-oil-standard S = 100 yl/I, laboratory result for S = 90 pl/I;
pofatory results for four duplicate samples = 250 pl/l, 230 pl/l, 210 yl/l, 240 pl/l;

1 (see

P one

ke a reading on one or several on-line gas monitors installed on transformers in service.

iately

g one

same

Iculate the bias of the laboratory by comparing its results for the gas-in-oil standard
sample to what was actually prepared.

Iculate the repeatability (R) ofilaboratory results as the difference between results for the
indlividual four samples and, average values (4), and express it as a percentage.

, and

2),in

— av

oratory Tesuits corfrected for bias = 275 O, 253 Ui, 23T pift, 264 [if;
erage value (4) = 256 pl/l, repeatability (R) = 9 %;

— monitor reading = 300 pl/l, difference (D) = +17 %;

— maximum accuracy of gas monitor = (17 =9 — 2) = +6 %.
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Annex F
(normative)

Insulating liquids based on synthetic and natural esters and silicones |3

The general methods used for mineral oils in Clause 6 to Clause 11 apply to insulating liquids
based on synthetic and natural esters and silicones (thereafter called "liquids"), with the
following differences:

In thg above vacuum methods, in the case of es%ﬂlqmds with large amounts of disgolved
water| values of 7, V and V are calculated as\

in 8.2 (Toepler pump method) and 8 3 (partial degassing method), exposure to vacuum is

. Calculation of the correctlon for mcomplete extractlon of the partlal degassing
is |nd|cated in Annex A, using the Ostwald coefficients of the liquids indicated m@sl A1,
orfmore precise values if available.

in]18.2.3 k) (Toepler pump method), and 8.3 (partial degassing method), th “blal volume of
(gps + water vapour) Vaw extracted from mineral oil and the liquids is m§/
the burette. With mineral oil, the amount of water vapour extracted 7, Qg\s egligible.

edter liquid, the amounts of moisture in the ester liquid and of wat
the ester liquid 7, are large and calculated. The actual total vo@e of gas Vgycant

callculated as Vg = 4

gw Vw)' C)

in]Annex B (mercury-free partial degassing method, de& ibed in Figure B.2), thg total

volume of (gas + water vapour) Vaw extracted from the,ester liquid can be deduced ind|rectly

frgm the increase in pressure in the vacuum vessebQ

lows:

Calculation of the volume of (water vap I%)\V extracted from the ester liquid:

v is the volume of ester I|qu1®ntroduced, in ml;
d is the density of ester liquid;
. ’ & - N
Wy is the mass of w in the ester liquid before being subjected to vaguum,
measured by K@another device, in ppm (W, x 1076 in g/g);
W,  is the mas water in the ester liquid after being subjected to vacuum, megsured
by KF o @ ther device, in ppm (W, x 1076 in g/g);

m is t mass of water vapour extracted from the ester liquid by vacuum =
(WQ~ W5)1076 vd, in g.
Whter ur and individual gases extracted from the ester liquid can also be megsured
si l&}‘:rpeously with the HID detector described in 9.3.4.
&_mwwmmmmmmuﬁwm.&
Vw is the volume of water vapour extracted from the ester liquid = n,, x 22 400, in ml.

Calculation of the volume of (gas + water vapour) Vaw extracted from the ester liquid,
using gas law PV = nRT, where:

P is the pressure increase in the pressure gauge, in mbar (1 mbar = 101 kPa), due
to the (gas + water vapour) extracted;

14 is the volume of the vacuum chamber with ester liquid, in ml = (V4 = V5);

V4 is the volume of the vacuum chamber without ester liquid, in ml;

Vo is the volume of ester liquid introduced in the vacuum chamber, in ml;

R is a gas constant = 83 144, in mbar, ml;
T is the temperature in K;


New normative Annex F contains detailed calculations taking into account the much larger amounts of water dissolved in ester liquids than in mineral oils when using the vacuum extraction methods.

Preparation of gas-in-ester standards remains the preferred method of calibration when using the headspace method of gas extraction from ester liquids.
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n = ngy is the number of moles of (gas + water vapour) extracted =
(P (V4 = V) I RT);

Vaw is the volume of (gas + water vapour) extracted = Ngw X 22 400, in ml;
Vy is the volume of gas extracted = (V,, — V), in ml.

— in 8.5.4 (headspace method), calibration of the headspace extractor with gas-in-oil
standards (GIOS) or gas-in-liquid standards (GILS) is the preferred method of calibration
recommended for both mineral oils and the liquids. Calibration with gas standards, although
not forbidden, is not recommended. The same recommendation is made in CIGRE TB 783-
2019.

using|GIOS or GILS. Home-made GIOS or GILS prepared in accordance with 7.3, NIST-
tracedble commercial GIOS or GILS prepared by weight, both qualify as analyti() hemistry

standfrds.
Q‘lx

They ghould be prepared in the same type of oil or liquid as the unknow, ;Xgl}'or liquid sgmple,
and they should contain similar amounts of air or nitrogen (near ration or at partial
saturgtion), similar individual gas concentrations (low or high), and s@ﬁhr moisture contgnts in
the cgse of ester liquids.

Each |aboratory should preferably calculate its own calibration curves and partition cogfgcients,
|
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List of comments

1 Insulating liquids based on natural and synthetic esters are increasingly used in wind
turbine, traction and distribution transformers, because they are less flammable than
mineral oils and less damaging to the environment in case of spills. When faults occur in
these transformers, gases are formed that can be used to detect these faults and prevent
costly failures.

In 2021, IEC 60599 on the interpretation of gases dissolved in transformer liquids was
revised to include the amounts of gases considered as acceptable in service in these

3

th
li

2 In
fn

T
a

a
e

P

C

include the analysis in ester liquids in a separate part of this Standard, to make su
e results in ester liquids provided by laboratories are accurate and reliable.

omments on the specific changes made to IEC 60567 are indicated on pages 58 (
) and 64 (Annex F) of this new Standard.

uture revision of IEC 60567 is recommended to evaluate the reliability of its s
ethod of preparation of gas-in-oil standards, using syringes or vials, for the calibra
e headspace method of gas extraction applied to the largé-number of different
juids on the market today.

formative Annex B has been revised to include a more precise procedure for the me
ee version of the partial degassing method, used under differential pressure vacuu

so been included in Annex B.

New normative Annex F contains detailed calculations taking into account the much

mounts of water dissolved in ester liguids than in mineral oils when using the vg
ktraction methods.

reparation of gas-in-ester standards remains the preferred method of calibration
5ing the headspace method of.gas extraction from ester liquids.

A\nnex

econd
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ester

rcury-
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he mechanical oscillation version of the shaketest method, widely used in Ching, has

arger
cuum

when
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FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization;con
ational electrotechnical committees (IEC National Committees). The object of IEC is to promote‘interr]
bperation on all questions concerning standardization in the electrical and electronic fields.JTo this ¢
ddition to other activities, IEC publishes International Standards, Technical Specifications, (Fechnical R
licly Available Specifications (PAS) and Guides (hereafter referred to as "IEC( Publication(s)")
baration is entrusted to technical committees; any IEC National Committee interestéd in the subject de
participate in this preparatory work. International, governmental and non-governmental organizations

hdardization (ISO) in accordance with conditions determined by agreement(bétween the two organiza

formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intern

rested IEC National Committees.

Publications have the form of recommendations for international use and are accepted by IEC N
hmittees in that sense. While all reasonable efforts are madg to ensure that the technical content
lications is accurate, IEC cannot be held responsible for the way in which they are used or

rder to promote international uniformity, IEC National' Committees undertake to apply IEC Publi
sparently to the maximum extent possible in their national and regional publications. Any divergence b
IEC Publication and the corresponding nationakerregional publication shall be clearly indicated in thé

itself does not provide any attestation of conformity. Independent certification bodies provide con
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IEC 60567 has been prepared by IEC technical committee 10: Fluids for electrotechnical
applications. It is an International Standard.

This fifth edition cancels and replaces the fourth edition published in 2011. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) a new normative Annex F relating to DGA analysis of insulating liquids other than mineral

oil

s (esters and silicones) has been added;

b) Clause 4 to Clause 11 and informative Annex A to Annex E remain devoted to mineral oils;


https://iecnorm.com/api/?name=ed61fe0e3bea5b79e3caa2830228a584

-6 - IEC 60567:2023 © IEC 2023

c) two new mercury-free gas extraction methods are described in Annex B (low pressure
vacuum extraction and mechanical oscillation).

The text of this International Standard is based on the following documents:

Draft Report on voting

10/1207/FDIS 10/1211/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The Ignguage used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and-developed in
accor@lance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

The cpmmittee has decided that the contents of this document will \remain unchanged until the
stability date indicated on the IEC website under webstore.ieclch in the data related fo the
specific document. At this date, the document will be
e regonfirmed,

e withdrawn, or

e reyised.

IMPORTANT — The "colour inside" logo on the cover page of this document indidates
that it contains colours which are considered to be useful for the correct understanding
of it$ contents. Users should therefore print this document using a colour printer|
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INTRODUCTION

Gases can be formed in oil-filled electrical equipment due to natural ageing but also, to a much
greater extent, as a result of faults.

Operation with a fault can seriously damage the equipment, and it is valuable to be able to
detect the fault at an early stage of development.

Where a fault is not severe, the gases formed will normally dissolve in the oil, with a small
proportion eventually d|ffu3|ng from the I|qU|d into any gas phase above it. Extractlng dissolved

comp#@sition of the gas and the rate at which it is formed.

In the|case of a sufficiently severe fault, free gas will pass through the oil and collect in th¢ gas-
collecting (Buchholz) relay if fitted; if necessary, this gas may be analysed to asgist in
determining the type of fault that has generated it. The composition of gases Within the bybbles
chandes as they move through the oil towards the gas-collecting relay,

This dan be put to good use, as information on the rate of gas produection can often be inferred
by comparing the composition of the free gases collected with.'the concentrations remaining
dissolved in the liquid.

The interpretation of the gas analyses is the subject of AEC 60599.

Thesq techniques are valuable at all stages in the life of oil-filled equipment. During accepgtance
tests pn transformers in the factory, comparison of'gas-in-oil analyses before, during and after
a hea% run test can show if any hot-spots ate‘present, and similarly analysis after die|ectric

testing can add to information regarding the presence of partial discharges or sparking. During
operation in the field, the periodic removal of an oil sample and analysis of the gas content
serve(to monitor the condition of transformers and other oil-filled equipment.

The importance of these technigues has led to the preparation of this document, {o the
procefdures used for the sampling, from oil-filled electrical equipment, of gases anf oils
contalning gases, and for subsequent analysis.

NOTE | Methods described| in) this document apply to insulating oils, since experience to date has been|almost
entirely with such oils. The methods can also be applied to other insulating liquids, in some cases with modifigations.

Generfal caution) health, safety and environmental protection

WARNING-~This document does not purport to address all the safety problems associated with
its usg.dt is’the responsibility of the user of this document to establish appropriate health and
safety . ) S e !

The insulating oils which are the subject of this document should be handled with due regard
to personal hygiene. Direct contact with the eyes can cause irritation. In the case of eye contact,
irrigation with copious quantities of clean running water should be carried out and medical
advice sought. Some of the tests specified in this document involve the use of processes that
can lead to a hazardous situation. Attention is drawn to the relevant standard for guidance.

Mercury presents an environmental and health hazard. Any spillage should immediately be
removed and be properly disposed of. Regulatory requirements for mercury use and handling
can apply. Mercury-free methods may be requested in some countries.
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Environment

WARNING - This document is applicable to insulating oils, chemicals and used sample
containers.

Attention is drawn to the fact that, at the time of writing of this document, many insulating oils
in service are known to be contaminated to some degree by polychlorinated biphenyls (PCBs).
If this is the case, safety countermeasures should be taken to avoid risks to workers, the public
and the environment during the life of the equipment, by strictly controlling spills and emissions.
Disposal or decontamination of these oils can be subject to regulatory requirements. Every
precaution should be taken to prevent the release of any type of insulating oil into the
envirgnment, MNciuding those partially blodegradable with time.
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OIL-FILLED ELECTRICAL EQUIPMENT -
SAMPLING OF FREE GASES AND ANALYSIS
OF FREE AND DISSOLVED GASES IN MINERAL OILS
AND OTHER INSULATING LIQUIDS - GUIDANCE
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ower transformers. Three methods of sampling free gases are described.

echniques for sampling oil from oil-filled equipment such as power,and instr

covered by this document, but are instead described in IEC 60475;2022, 4.2.

b analysing the gases dissolved in oil, they are first extracted-ffom the oil. Three

e of the carrier gas (headspace). The gases are analysed quantitatively after extr
s chromatography; a method of analysis is described. Free gases from gas-coll
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iated with acceptance testing in the factory, where gas contents of oil are generall
hd, on the other hand, of the problems imposed by monitoring equipment in the

2 N|ormative references

very
field,

transport)of samples can be by un-pressurized air freight and where consid¢rable
differgnces in(ambient temperature can exist between the plant and the examining labora

tory.

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60296, Fluids for electrotechnical applications — Mineral insulating oils for electrical
equipment

IEC 60475:2022, Method of sampling insulating liquids

ISO 5725-1, Accuracy (trueness and precision) of measurement methods and results — Part 1:
General principles and definitions
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3 Terms, definitions, symbols and abbreviated terms

3.1

Terms and definitions

No terms and definitions are listed in this document.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.ora/obp

3.2
3.2.1

The s

Symbols and abbreviated terms
Symbols
ymbols used in 8.5.2 are:

total volume of the vial

volume of the gas phase in the vial

volume of the oil phase in the vial

concentration of gas (i) in the gas phase of vial, obtained by GC (gas chromatography)

concentration of gas (i) in the oil sample, obtained directly from Cg using calibration

curves with gas-in-oil standards

atmospheric pressure and temperature whenh the oil sample was analysed (P in kPa;

tin °C)

atmospheric pressure and temperature when the gas-in-oil standard, or th¢ gas

standard, was analysed (Pg in kPaj;tg in °C)
partition coefficient of gas (i),cfor the calculation of ¢ using gas standards

concentration of gas (i).in_the oil sample

Abbreviated terms
dissolved gas\analysis
flame ionization detector
gas chromatography
gas-in-liquid standards

gas-in-oil standards

helium jonization detector

inner diameter

National Institute of Standards and Technology
outer diameter

on-load tap-changer

porous large open tubular
polytetrafluoroethylene

thermal conductivity detector
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4

4.1

Sampling of gases from gas-collecting relays

General remarks

It is important to bear in mind that receiving a qualitative and a representative sample is crucial
for obtaining a reliable diagnosis of the electrical equipment. Even the most sophisticated
extraction or diagnosis methods cannot overcome faulty samples.

Gas samples from relays should be taken from the equipment with the minimum delay after gas
accumulation has been signalled. Changes in composition caused by the selective re-
absorption of components can occur if free gases are left in contact with oil.

Certa|n precautions are necessary when taking gas samples. The connection betwegn the
sampling device and the sampling vessel shall avoid the ingress of air. Temporary(conneftions
should be as short as possible. Any rubber or plastic tubing used should have been proyed to

be impermeable to gases.

Gas damples shall be properly labelled (see Clause 5) and analysed without undue deflay to
minimlize hydrogen loss from the syringe used for gas sampling (e.g.within a maximum period

of ong week).

Oxygen, if present in the gas, can react with any oil drawn aut’with the sample. Reaclion is
delayed by excluding light from the sample, for example, by~wrapping the vessel in alunjinium

foil or|suitable opaque material.

Of thg three methods described in 4.2, 4.3 and 4.4; the syringe method is recommended. The

other fwo methods are alternatives to be used exclusively in case of serious hindrance.

Sampling into a sampling tube by liquid displacement using transformer oil as a sealing|liquid
is simple, but require to take into account;the different solubilities of the gas componentg| if the

gas qyantity is such that some oil remains in the tube.

The vacuum method requires skill/to avoid contaminating the sample by leakage of air info the
systefn. It is particularly true_where the gas to be sampled can be at less than atmospheric

presspire (e.g. some sealed transformers).

4.2

4.21 Sampling\equipment
NOTE | Numberg'in brackets refer to those circled numbers in the relevant figure.

See Higure 1. The equipment shall be as follows:

a)

b)

Sampling of free\gases by syringe

I pGIIIIUGb:G UI: IUO;O‘lGII‘l p:aotlu T |ubbc| tub;llu (3) FIUVIdUd vv;th [} UUIIIIUbtUI tU flt OntO a
suitable sampling connection of the gas-collecting relay. To avoid cross-contamination, the
tubing should be used only once.

Gas-tight syringes of suitable volume (1) (25 ml to 250 ml). Medical or veterinary quality
glass syringes with ground-in plungers may be suitable; alternatively, syringes with oil-proof
seals may be used. The syringe should be fitted with a cock enabling it to be sealed. It is
often convenient to use the same syringes for both gas sampling and for oil sampling (see
IEC 60475:2022, 4.2.2).

The gas tightness of a glass syringe used for gas sampling may be tested by storing an oil
sample containing a measurable quantity of hydrogen for at least two weeks and analysing
aliquots for hydrogen at the beginning and end of the period. An acceptable syringe will
permit losses of hydrogen of less than 2,5 % per week. General experience suggests that
all-glass syringes leak less than those using plastic seals. Improvement of the gas tightness
may be obtained by the use of a lubricant such as a light grease or transformer oil.
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It is a good practice to test the integrity of syringes and valve system before the sampling.
A recommended procedure is given in IEC 60475:2022, Annex B.

c) Transport containers should be designed to hold the syringe firmly in place during transport,
but allow the syringe plunger freedom to move, and prevent its tip from contacting the
container, whatever its position during transportation.

5 D &

A B

Position of valve (4)

;

¢ :
TRTITT]

Key
1 syringe

stopcock

rubper connecting tubing
thrge-way valve
equipment sampling valve

gastcollecting relay valve

N o o A~ wWwN

wagte vessel
Figure 1 — Sampling of gas by syringe
4.2.2 Sampling procedure

The gpparatus ds-connected as shown in Figure 1. The connections should be as shoprt as
possible and filled with oil at the start of sampling.

The sampling valve (5) is opened. If sampling from a gas-collecting relay on a transformer fitted
with aconservator—a-positive-pressure-will exist—the-thres-wa alve (4) is carefy wemed to
position A and the oil in the connecting tubing (3) allowed to flow to waste (7). When gas reaches
the three-way valve (4), the latter is turned to position B to connect the pre-lubricated syringe
(1). The stopcock (2) is then opened and the syringe allowed to fill under the hydrostatic
pressure, taking care that its plunger is not expelled. When a sufficient sample has been taken,
the stopcock (2) and sampling valve (5) are closed and the apparatus is disconnected.

The oil in the syringe is expelled by inverting the syringe and applying gentle pressure to the
plunger.

Label carefully the sample (see Clause 5).
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4.3 Sampling of free gases by displacement of oil

This method is reliable only where the gas sample is at or above atmospheric pressure. The
apparatus is shown in Figure 2.

The sampling tube (5), typically of 100 ml capacity, is preferably of glass since the operator can
then see how much oil remains in it during gas sampling. The sampling tube is filled with oil
from the transformer on site. Before being used as described below, the connecting tube (3)
should also be filled with oil.

The open end of the connecting tube (3) is fitted onto the gas-sampling valve (2). The sampling
valve i i ; i fsrct o that
its clgsed end is the lowest point. The outlet stopcock on the sampling tube is then~aopened,
allowipg oil to run out to waste (6), drawing first any oil from the connection betweeh:reldy and
ing valve, and the gas from the relay, into the sampling tube.

Sampling is complete when the gas-collecting relay is completely filled with)oil or when nearly
all oilfhas gone from the sampling tube.

Both stopcocks (4) on the sampling tube and the sampling valve (2)-are closed and then the
conngctions removed.

o —

IEC

Key

1 gaslcollecting relay valve
equipment sampling valve
oil-resistant connecting tubing
stopcock

sampling tube

o O b~ W N

waste vessel

Figure 2 — Sampling of free gases by oil displacement

4.4 Sampling of free gases by vacuum

The apparatus is connected as shown in Figure 3. With the equipment sampling valve closed,
stopcocks (1), (2) and (10) open, and the three-way valve (4) turned to position A, the vacuum
pump (12) is allowed to evacuate the connecting tubing, the trap and the sampling vessel.
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A satisfactory vacuum will be below 100 Pa. The system should be checked for leaks by closing
the pump suction stopcock (10) and observing that no appreciable change in vacuum occurs.
Over a time equal to that which will be taken for sampling, the pressure should not increase by
more than 100 Pa. Similarly, the stopcock (1) on the sampling tube should be vacuum tight to

the same degree over several weeks.

If the connecting tubing between the equipment sampling valve (5) and the gas-collecting relay
is filled with oil, the three-way valve (4) is turned to position B. The equipment sampling valve
(5) is carefully opened and oil allowed to flow into the trap (9). When the end of the oil stream
is observed to reach the three-way valve (4), it is turned to position D to evacuate the oil from
it. Thereafter, valve (4) is turned to position C. When sampling is complete, stopcock (1) is

close st—then

If the|connecting tubing between the equipment and the sampling valve is empgty of o
procefure for draining oil is omitted and the three-way valve (4) used in pgsition C

4
®

evacuating and testing that the apparatus is leak tight.

@

C

Key

=N

vacuum’'tight stopcock

Position of valve (4)

28

B

S

D

vacuum tight stopcock
rubber connecting tubing
vacuum tight three-way valve
equipment sampling valve
gas collecting relay valve

vacuum gauge

© 00 O O~ W N

trap
10 vacuum tight stopcock
12 vacuum pump

28 sampling tube

Figure 3 — Sampling of free gases by vacuum
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after


https://iecnorm.com/api/?name=ed61fe0e3bea5b79e3caa2830228a584

IEC 60567:2023 © IEC 2023 - 15—

4.5 Sampling of oil from oil filled equipment

See IEC 60475:2022, 4.2.

5 Labelling of gas samples

Gas samples shall be properly labelled before dispatch to the laboratory.

The following information, as shown in Table 1, is necessary (whenever it is known).

Table T — Information required for gas samples
Transformer Sampling
Customer Sampling date and time following a gas alarm
Location Sampling point
Identification number Sampling person
Manufacturer Reason for analysis
General type (power, instrument or | Transformer non-energized, \off-load
industrial) energized or on-load
Rated MVA

Voltage ratio

Type and location of OLTC

Date of commissioning

Oil

Type of oil (mineral or non-mineral) | Weight (or volume) of oil

Product name Date of last oil treatment

The f¢llowing additional information is desirable:

— ambient temperature, reading of MVA or load current or percentage load, operatjon of
pumps, mode of communication of its tap-changer with the main tank, oil preseryation
sytem (conservatorinitrogen blanket, etc.), and any changes in operational conditions or
any maintenance,carried out since last sampling;

— time of sampling.where more than one sample is taken.
6 Spmpling/labelling and transferring of oil from oil-filled equipment

6.1 |[Sampling and labelling of oil

Consult IEC 60475:2022, 4.2 to 4.4 for sampling equipment, sampling procedures and labelling
to be used.

6.2 Transfer of oil for DGA analysis
6.2.1 General

For transferring oil from its sample container into the gas extraction vessels specified in
Clause 8, the following procedures should be used.

6.2.2 Transfer from oil syringes

Introduce a portion of the oil sample in the syringe into the gas extraction vessel by turning the
three-way valve of the syringe to position B shown in IEC 60475:2022, Figure 5.
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Transfer from ampoules

2023

Attach the ampoule in the vertical position. Install a three-way plastic valve between the bottom
plastic tubing of the ampoule and another piece of plastic tubing going to a waste oil container.
Attach a glass syringe to the three-way plastic valve. Open the upper cock then the lower cock
of the ampoule. Fill the syringe with oil following the procedures indicated in IEC 60475:2022,
4.2.2.2. Transfer a portion of the oil sample in the syringe into the gas extraction vessel as

indica
6.2.4

Open

ted in 6.2.2 above.

Transfer from flexible metal bottles

the screw cap of the bottle. introduce a long needle down to the bottom of the

ottle,

attach
bubbl
valve
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7.2

a glass syringe with a three-way valve to the needle and gently (to avoid creatin
bs due to negative pressure) draw a sample of oil into the syringe. Detach the.thre
from the needle and invert the syringe to expel any gas bubble introduced in(thge oil.
Lice a portion of the oil sample in the syringe into the gas extraction chamber as ind

tion vessel (Toepler or partial degassing) under vacuum.

'st sample taken from the bottle should always be used for DGA@halysis. No other s

ttle.

Transfer from glass and rigid metal bottles

rocedure used for flexible metal bottles in 6.2.4 is'suitable for glass and rigid metal b

reparation of gas-in-oil standards

General remarks

ted in Clause 1, the preferred method of ensuring the performance of the entire s
s extraction and analysis is ‘t@ analyse oils containing known concentrations of
h-oil standards).

nethods of preparing gas-in-oil standards are described in 7.2 and 7.3, a general m
simpler method. The-first method has the benefit of producing much larger quantif

tin-oil standards are commercially available they can be used, provided they fulfil d
ance requitements. If they are given under ASTM standard conditions (0 °C), they
hvertedito’ IEC conditions (20 °C).

g gas
e-way
Then
cated

.2 above. Alternatively, a piece of tubing can be used to draw oil directly into thie gas

bmple

| be taken for DGA analysis, since significant gas loss can occur into the headspace of

pttles.
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jases
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First method: preparation of a large volume of gas-in-oil standard

7.2.1

Equipment

A suitable apparatus design consists of (see Figure 4 a), Figure 4 b) and Figure 4 c)):

— a magnetic stirrer (12);

— a5 1 oil vessel (13) equipped with three side-arm outlets, two of which are fitted with high-

va

cuum stopcocks (1) and (2) and one with a rubber septum (16);

— a6 lreservoir (14) equipped with a high-vacuum stopcock (3) connected with a 75 ml splash
bulb (15) and a high-vacuum stopcock (4);

— a mercury displacement system (17) consisting of two 500 ml mercury glass bulbs
connected with a high-vacuum oil-resistant flexible rubber tubing.
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The gas-injection system (Figure 4 e), Figure 4 f) and Figure 4 g)) consists of

a set of gas tight syringes of appropriate volumes (18);

a plastic three-way valve of standard type (7), modified to minimize dead volume by inserting
pieces of stainless steel tubing (approximately 0,4 mm inner diameter (ID) and 1,5 mm outer
diameter (OD)) into the inner branches and connected to a gas-injecting needle (10)
(approximately 10 cm long, 0,25 mm OD) to go through the rubber septum into the oil flask
(16);

gas cylinders equipped with a pressure reducer and a valve (20);

NOTE 1 Gas cylinders containing each of the individual gases to be injected can be used. Ready-made mixtures

of these-gases-can-atso-be-obiainred-from-some-gas—supphers
) I L o4 T

a |ength of oil-resistant flexible tubing connecting the gas cylinder to the three-way|valve
(7) and incorporating a hypodermic needle (approximately 0,3 mm ID and 0,6 mm.OD)). The
lafter acts as a leak to a water bubbler (21) which is used to check the absence of back
diffusion.

NQTE 2 The length of tubing connecting the gas cylinder to the three-way valve js replaced after edch gas
ch@nge.

The ofl sampling system (Figure 4 h) to Figure 4 k)) consists of glass-syringes (19) of sditable
capadity equipped with two three-way plastic valves (8) and (9)~and an oil-extracting rleedle

(11) (ppproximately 0,6 mm ID, 1,0 mm OD and 120 mm long)s

7.2.2 Procedure

NOTE | Numbers in brackets refer to those circled numbers in Figure“4. The positions A to D of the three-way| valves

(7, 8 apd 9) are illustrated in Figure 4 d).

7.2.2A Degassing the oil

a)
b)
c)

d)

e)

THoroughly clean all the glassware before’assembling.
Sgcure the rubber septum and the flexjble connections with pieces of twisted metal wfire.

Clean, if necessary, approximately 1 | of mercury with pentane and filter through affinely
pierced filter paper.

Adapt the oil reservoir (14),\the splash bulb (15) and stopcocks (4) to the 51 vesse| (13).
Connect the system to the)vacuum pump (V) and evacuate the splash bulb (15) and the
5 | oil vessel (13) by opening stopcocks (2) and (4).

Fill the oil reservoif (14) with mineral insulating oil complying with IEC 60296 and allpw oil
tolflow slowly through stopcock (3) into the 5 | vessel (13) until it is full. Then close stopcock
(2) and removethe oil reservoir (14) and the splash bulb.

NOTE | If the pracedure is followed carefully (filling time about 4 h) the oil in the vessel will be virtually gas-free.

f)

g)

Tdrn thejoil vessel to bring it into the position shown in Figure 4 c¢). Place a wet cloth over
it fodprevent its temperature rising and attach the mercury displacement system ({17) to

St hnecoelk L4\ _lntradiica 7680 ml Af maroiiey inta tha ocvcotam wwith ctoanennle (B ~Alacoad
P oI Tt oo St oo o TrreT oot TO—trTe—oy oteT Wit otoOpPpTCoT STooStTor

~ A\ J J Ld AT

Connect the system to the vacuum (V), open stopcock (5) and evacuate the section between
stopcocks (1) and (6). Open stopcock (6) to allow mercury to rise up to stopcocks (1) and
(5), and then close stopcock (5). Raise the left bulb of the system (see Figure 7 c)) so that
the mercury level is above the oil flask. Open stopcock (1). Remove the wet cloth and switch
on the magnetic stirrer (12).
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13 16

B
$D o LA
Posifjon of valves (7, 8, 9) ! ﬁ/
d) S ,

g
p

NN g N
e) f) 9)
R
¢ \
9 _F 7;
il E g7
i -
8 —a
B B
B B %
9
11
h i j k
) ) ) ) e
Key
1 vacuum stopcocks 9 three-way valves 17  mercury displacement system
2 vacuum stopcocks 10 gas-injecting needle 18 precision gas-tight syringe
3 vacuum stopcocks 11 oil-sampling needle 19 (glass syringe
4 vacuum stopcocks 12  magnetic stirrer 20 gas cylinder with pressure reducer and valve
5 vacuum stopcocks 13 51 oil vessel 21 leak to water bubbler
6 vacuum stopcocks 14 6| oil vessel \% connection to vacuum pump
7 three-way valves 15 75 ml splash bubble
8 three-way valves 16  rubber septum

Figure 4 — First method of preparing gas-in-oil standards
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7.2.2.2 Preparation of gas-in-oil standards

See F

igure 4 c) to Figure 4 qg).

a) To inject the gases, attach the modified three-way valve (7), in position B, to the gas-
injecting needle (10). Then push the needle through the rubber septum (16) into the oil. Turn
the three-way valve to position D to purge the needle and valve with oil, then turn it to
position B. Attach to valve (7) the barrel of a precision calibrated gas-tight syringe (18) of
appropriate volume (precision within 1 %) and the gas cylinder connecting tubing (see
Figure 4 e). Allow a gentle flow of gas to flush the barrel, then slowly push the plunger
several times into the barrel, finally down to the volume of gas to be injected, making sure
there is continuous bubbling through the needle leak (21).

b) Sv
an
ra

c) R¢
ne
w
pr

NG
co

7.2.2.
See H

a) Td
tu
th
(9

b) At
VO
an

vitch valve (7) to the injection position A, lower the mercury level below the need
d push the plunger to inject the gas volume into the oil. Switch valve (7) to position
se the left mercury bulb above the oil vessel.

peat the same procedure with each of the gases to be dissolved then(remove th
edle and valve (7).

hen all the gases are dissolved, switch off the magnetic stirrer. Record the atmos
bssure and temperature.

TE Instead of adding individual gases, it is more convenient to use-a standard gas mixture, pre
htaining all the gases listed in 9.1, in proportions representative of those\found in the sampled oil.

3 Sampling of gas-in-oil standards
igure 4 h) to Figure 4 k).

remove oil samples from the 5 | vessel (13); attach two three-way valves (8) a
ned in position B, according to Figure 4 b), to-the liquid-withdrawing needle (11) and

le tip,
B and

e gas

bheric

ferably

nd (9)
push

b needle through the rubber septum (16).With the mercury level up, switch valves (8) and

to the draw-off position D to purge them with oil (see Figure 4 i)).

ach a syringe (19) and turn both valyes (8) and (9) to position A, and draw out a sU

itable

lume of oil (see Figure 4 j)). Theniturn valve (8) to position C and valve (9) to position B

d remove the syringe together'with valve (8) (see Figure 4 k)).

To remove more oil, additionalkmercury shall be added to the mercury displacement syst

7.2.3

Calculation

Calculate the concentration of each gas "i" dissolved as follows:

Ci=Vi/Vx106

wherg
C 5 A Atratio :g.-. we o IJIII
i AR BAARAYAYARAVAI R YRR AV AR Ba v ) | ao oy 1 LEALEY
V; is the volume of gas "i" injected, corrected to 20 °C and 101,3 kPa in ml;

V  is the exact volume of oil in the 5 | oil flask, in ml.

7.3
7.3.1

See F

Second method: preparation of gas-in-oil standards in a syringe or a vial
General

igure 5 a) to Figure 5 f).
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a)

b)

@ iy

Position of valve (3) 3

S e
>

e)

IEC

Key

1 glass syringe

2 precision gas-tight syringe

3 three-way valve

4 gas-injecting needle

20 gas bottle fitted with a pressure reducer and a valve
21 leak to water bubbler

22 silicone rubber tubing

Figure 5 — Second method for preparing gas-in-oil standards
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7.3.2 Equipment

The equipment consists of

NOTE
these

b)

c)

d)

e)

8

8.1

a set of gas-tight syringes of appropriate volume (2),
a set of glass syringes of appropriate volume (1),

a set of gas-injecting needles (4),

three-way plastic valves (3),

gas cylinders equipped with a pressure reducer and a valve (20).

nnect a gas-tight syringe of the required volume with a needle long enough to intr
gas mixture in the syringe cylinder part, for insiance of 115 mm length, to a cy

inge and transfer the volume of standard _gas into the oil syringe. Reweigh to dete
the actual oil volume. Wrap the oil syringe~with aluminium foil to avoid degradatio
dgylight and attach it to a laboratory 3-D shaker. Shake for 1 h or until all gassgq
digsolved.

NQTE 1 Any other procedure that assists dissolution of gases in oil (e.g. mixing with magnetic stirrer o
is suitable and can be used.

Re¢cord the atmospheric pressure and temperature: also refer to the note in 7.
Calculate the dissolved gas concentration from the oil volume, injected calibratio
volume, temperature and.atmospheric pressure, as in 7.2.3. Express the quantities of
injected in ymol, or-inspl converted to normal conditions (20 °C; 101,3 kPa).

ixtures of

intain
rated
nts of
break

to the
linder

bduce
linder
ill the

inge with a known volume of standard gas.JInsert the needle through the tip of the oil

rmine
h with
s are

other)

2.2.2.
n gas
jases

Repeat the procédure in order to obtain at least three gas-in-oil samples (in the case of

hegadspace only).having concentrations that allow a calibration curve to be drawn co
the values expected in the unknown samples.

NQTE 2_9f-a total gas-saturated mixture is desired, draw dry CO,-free air or nitrogen into the syringe tdg

with the\gases already injected, a total gas volume of 10 % to 8 % of the oil volume, according to the gas
(sqenFigure 5 f)).

ering

make,
chosen

Turn the three-way valve (3) to position A and shake the syringe again until the
nitrogen is dissolved. Cooling the syringe in a refrigerator accelerates the dissolution
gas in the oil.

air or
of the

NOTE 3 A vial can be used instead of a syringe. The vial is filled with the same amount of degassed oil as
when the ordinary analysis is performed, with the exact volume of oil measured by weight. Into this vial are
introduced known quantities of a calibrated gas mixture, so that the concentrations in the oil are in the same

range as in the unknown field sample.
Extraction of gases from oil

General remarks

Removal of dissolved gases from oil for analysis may be accomplished either by vacuum,
stripping or headspace extraction.
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The multi-cycle vacuum extraction (Toepler) method is described in 8.2.

The single-cycle vacuum extraction (partial degassing) method is described in 8.3.

The stripping method is described in 8.4.

The headspace method is described in 8.5.

8.2

Multi-cycle vacuum extraction using Toepler pump apparatus

8.2.1 General

In thig method, an operating procedure which attempts to remove as much as possible
dissolved gas from the oil is used. It is normally possible to remove about 97 %(of*the
soluble gases and even higher percentages of the less soluble gases. Such a small imperf
is rargly significant when considering overall accuracies, but, in any case, thepreferred m
of calibration using gas-in-oil standards takes account of incomplete extraction.

NOTE | To calibrate this method with gas-in-oil standards, the procedure described,.inV7.2 for preparation of
free stgndards is used, since the calculation will be affected by the amount of dissolved argon that will be eX
but not|detected by the gas chromatograph.

8.2.2 Toepler pump extraction apparatus

An example of a suitable design is shown in Figure® a). Note that Figure 6 b) ing
recomimended volumes. In this design, oil containing gas in solution is injected thro
septumn (9). Alternatively, after the equipment has been evacuated, oil may be withdrawr
an oil

The Tpepler pump extraction apparatus shall

a)
b)

c) pdrmit the measurément of extracted gas to be made to the nearest 0,05 ml or bet
ndrmal temperature and pressure.

In addition

d)

bg capable of subjecting the liquid t6 ‘a vacuum less than 10 Pa,

bg vacuum-tight. The vacuum_ tightness of the whole system may be verified by carryi
the extraction procedure but Without introducing oil, as follows:

calrry out steps b), c) and'd) of 8.2.3. Omit step e). Continue with steps f), g) and h) a
wegre present. After compression of gas to atmospheric pressure in step h), the amo
gas should be lessthan 0,1 ml,

allf tubing connecting the degassing flask (3) to the gas collection flask (2) (in Figurg
i iameter an hor racti le:

of the
more
bction
ethod

argon-
tracted

ludes
igh a
from

sample bottle via a tube attached to valve (V8) that has previously been filled with oil
(see Kigure 6 c)).

ng out

5 if oil
unt of

er, at

6 a))

the vacuum gauge used cannot be of a type that operates at high temperature or uses
ionizing radiation (thermocouple, ionization or Penning gauges) since these can produce

gases of the types being measured by cracking the oil vapours present in the system.
it can react with extracted gases, a Pirani gauge is not suitable either. A sensor bas

Since
ed on

capacitance changes between two chambers is suitable. It is recommended that two sensors
be used, one in the vacuum chamber, the second for measuring gas volumes at atmospheric

pressure.

Further requirements are noted in 8.3 in which the partial degassing method is described.
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Since the detailed design of this apparatus is not standardized, it is necessary to establ

ish an

operation that will ensure adequate extraction of all components of the dissolved gas. The main

parameters to be established are the number of degassing cycles (strokes) of the Toepler
that should be used and the time for which each degassing cycle should last. This opera
preferably established by degassing a gas-in-oil standard as follows.

pump
tion is

Use the extraction procedure as detailed in 8.2.3 but, instead of degassing an unknown oil

sample, substitute a gas-in-oil standard of the volume normally used containing all the
listed in 9.1.

gases

Degas successive standards untll a number of cycles of the Toepler pump, together with a

N peak

on the chromatogram of the extracted gases is within 95 % of the area or height of that peak
on thg¢ chromatogram of the same quantities of gases injected directly into the chromatograph

by mdans of a standard gas mixture (see 9.6).

A deggssing time on each cycle of 1 min to 3 min for mineral oils is frequently used; the s

horter

the time the more degassing cycles are likely to be required. Similar degassing times cfan be

used for non-mineral oils of similar viscosity, and longer ones for more~yiscous oils (e.g.
to 10 min for silicone oils, see Annex F).

The apove procedure serves to establish a routine of operationjdavhich will apply until any
chandes are made to the equipment and will also apply to other equipment of the same d
It is rgcommended that the overall calibration of the complete’equipment (degassing equi

5 min

major
Esign.
bment

plus dhromatograph) is checked periodically (e.g. every six months) using gas-in-oil standards

to projvide correction factors to be applied to areas ofheights of chromatogram peaks.
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VP2

[09)

IEC

b) Recommended volumes of
several parts of a Toepler pump

IEC IEC
a) General view of a Toepler c) Example of oil introduction
pump extractionapparatus by bottle
Key
1 miercury reservoir- 271 V1 to V11 hand stopcocks
2 g4gs collectionAflask — 1| V10 to V12  non-return valves
3 deégassing flask — 250 ml or 500 ml V13 electromagnetic three-way valve
4 g@s-collécting burette — 25 ml (0,05 ml divisions)  VP1 rough vacuum pump
5 introduetion of oil sample via syringe VP2 main vacuum pump
6 Plrani*vacuum gauge LP connection to low pressure air (+11d kPa)
7 mercury-levelling vessel SL connection to GC sample loop
8 magnetic stirrer CG connection to calibration gas cylinder
9 septum abc electrical contacts
10 oil-sampling bottle d mercury level mark on tube
11 jet A connection to rough vacuum pump and air
B connection to main vacuum pump
C connection to mercury-levelling vessel
D connection to waste oil reservoir and rough

2 Item 6 of Figure 6 a) is a "capacitance measurement device".

vacuum pump

Figure 6 — Example of a Toepler pump extraction apparatus
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8.2.3 Extraction procedure

The following is a typical extraction procedure used when a sample is in a syringe. It is
described by reference to the apparatus shown in Figure 6 a) and Figure 6 b). Modifications in
the procedure can be used for apparatus of other designs.

a)

b)

g)

h)

Weigh the syringe (5) containing the oil sample and connect it to the degassing flask (3).
When a bottle is used as a container (Figure 9 c)), the mass of oil degassed is determined
by weighing the degassing flask before and after introducing the oil.

Open valves V1, V2, V4, V6, V7 and V9. Close valves V3, V5 and V8. The valve V13 is a
solenoid-operated three-way valve, which at this stage is not energized and connects the
vacuum pump \/P1 to the chfpm

Switch on the vacuum pumps VP1 and VP2 and the magnetic stirrer (8).
When the pressure has fallen to 10 Pa, close valves V2, V6 and V7.

Open valve V8 and inject a sufficient oil sample through the septum (9) into the deggssing
flask (3). This is the start of the degassing part of the Toepler pump cycle.

NQTE 1 A gas bubble in the syringe suggests that the plunger has stuck and indicates the desirability of a new
sample. If this cannot be provided, the bubble is introduced together with all of the,oil or is re-dissolved in the
oil by shaking the syringe.

NQTE 2 The minimum oil volume used is the volume necessary to produce_enough gas volume for injeftion in
thgq gas chromatograph. When this is possible, larger oil volumes can be{used to increase the precision of the
anglysis. For oil from a factory test, a modification is made; see Note ‘3 of step j) below.

After the established degassing time (e.g. 1 min to 3_min) continue the first Toepler |pump
cycle by switching valve V13 so as to admit low-preSsure compressed air above the mercury
which rises to the level of contact (a), compressitg gas from the collection flask info the
burette. Reversal of valve V13 to connect thesvacuum pump to the mercury reservoir (1)
allows the mercury to return (the gas collected in the burette being trapped by thg non-
refurn float valve V10) and further gas to:be“extracted from the oil. The contacts allow this
cycle to be automated. Inductive level switches may be used instead.

An electric counter is helpful in counting the number of cycles and for stopping the procedure
affer the required number of cycles, as established as standard for the appdratus.
Alternatively, the equipment may-be run automatically for a standard time (e.g. 10 min for a
cycle time of 1 min).

THe number of strokes should be such that the vacuum at the end of extraction appropches
the initial value before extraction. The number of strokes necessary depends on thg ratio
bgtween the total ~@fume of the equipment and the volume of the pump. Typijcally,
4 1o 20 strokes have’been found suitable to reach 97 % extraction for the more spluble
gdses, depending©on the equipment used.

Switch off _the-automatic cycling control (if used) and set valve V13 to admit air. |Allow
mercury torise into the burette to above the level of valve V5. Close valve V4.

Open valve V6 and adjust the mercury levelling vessel (7) to bring the mercury surfages to
thessame level. Read the total volume of gas collected in the burette. Note the ambient
temperature and pressure.

Remove and reweigh the oil syringe to obtain the mass of oil that has been degassed.
Determine the density of the oil at ambient temperature.

Close valve V1, open valve V2 to admit the extracted gas into the sample loop. Again adjust
the mercury levelling vessel to bring both the mercury surfaces to the new level and close
the valve.

NOTE 3 Another arrangement frequently used is to fit a septum on the top of the burette in place of valve V2
and to transfer an aliquot of gas to the chromatograph by means of a precision gas-tight syringe. In such a case,
it is good practice to fit a new septum each time the equipment is used.

NOTE 4 |If an inadequate quantity of gas has resulted from degassing the first oil sample, the degassing flask
is disconnected and emptied, and the method repeated with a new oil sample. The first quantity of extracted gas
is retained in the burette by keeping valve V4 closed until the remainder of the system is re-evacuated (step d)
above).
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Alternatively, where concentrations of gas are expected to be low, a larger degassing flask,
up to 2 I, may be fitted, with sample volumes up to 500 ml. Introduce the oil sample slowly
to facilitate gas extraction.

k) Calculate the total gas content extracted Ct of the oil sample in pl/l at 20 °C and 101,3 kPa
from the expression:

Cr=(P/101,3) x (293 /273 + 1) x (Vd | m) x 108

where
P is the ambient air pressure, in kPa;

~

is the ambient air temperature, in °C;
is the total volume of gas extracted, at ambient temperature and pressure, ifiml;

is the density of oil corrected to 20 °C, in g/ml;

I & N

is the mass of oil degassed, in g.

[) Carry out the analysis as in Clause 9.

NQTE 5 Because the gas is not totally extracted from the oil, a rinse step“can be required after|a high
cohcentration has been run (e.g. after analysis of the oil sample from the tap“changer). The extractor |can be
rined with oil containing non-detectable quantities of gases, except for thdse present in the air.

8.3 [Vacuum extraction by partial degassing method
8.3.1 General remarks

In thi§ method, gas extraction is accomplished by only*one exposure to vacuum (between|3 min
for miperal oils and 10 min for the more viscous silicone oils, see Annex F). Extraction effigiency
deperjds on component gas solubility. Correction of this incomplete gas extraction can be
obtairjed by calculation from the Ostwald solubility coefficients of the gases in transformier oil,
eitherfmineral or non-mineral (see Annex A).

8.3.2 Partial degassing apparatus

Equipment such as that shown in-Figure 6 a) and Figure 6 b) is equally suitable for this mlethod
with the following changes:

a) THe automatic controlharrangements used in the Toepler pump mode (valves V1D and
elg¢ctric contacts a,(byand c) are not required. A simple hand pump (blow-ball) can be fitted

bcting

hl are

in the
apparatus shown in Figure 6 b), a reservoir volume of approximately 600 ml to 700 ml is
recommended. The reservoir should be filled with mercury to leave an air space of not more
than 100 ml to 150 ml.

d) A mark should be made on the dip tube in the mercury reservoir, (mark d in Figure 6 a) and
Figure 6 b)) so that when the equipment is used for partial degassing, the mercury can be
brought to this mark and the expansion volume thus accurately defined.

e) The apparatus shall be leak-free and capable of evacuation to 0,1 Pa. The burette, typically
3,5 ml, shall be calibrated in 0,01 ml divisions, and the connecting tubing and vacuum gauge
as in points d) and f) of 8.2.2.

f) Alternatively to the syringe, the needle and the septum, a flexible polytetrafluoroethylene
(PTFE) tubing connected to the valve can be used to introduce oil samples.
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8.3.3

Extraction procedure

a) Weigh the syringe (5) containing the oil sample and connect it to the degassing flask (3).

b) Proceed as in steps b) to e) of 8.2.3, evacuating down to 0,1 Pa.

c) Allow degassing to continue for 5 min to 10 min, depending on the oil viscosity, with the

sti

rrer operating vigorously. Then close valve V9.

d) Proceed as in steps g) and h) of 8.2.3.

e) Calculate the total gas volume extracted by dividing the volume of gas collected in the

bu

rette by the volumetric collection ratio V/V;, where

V. (collection volume) is the volume of the burette and collection flask (2), from mark "d"

f) Re
D¢
g) Cd
8.

to valves V9, V6, V5 and V2;

Vi (total expansion volume) is V, plus the volume of the degassing flask (3
connecting tubing to V9, V8 and V7, less the volume of oil.

move and reweigh the syringe to obtain the mass of oil that has"been degs
termine the density of the oil at ambient temperature.

rrect the calculated total volume of gas extracted to 20 °C and 101,3 kPa as in ste
P 3.

h) Inject an aliquot of the gas extracted into the chromatographgas in step j) of 8.2.3.

i) Cag
) Cs

rry out the analysis as in Clause 9.
Iculate the actual concentration of each gas compnent originally present in t

sample, by dividing its chromatographically measured concentration by its extr

ef

Nd
co
rin

Mercu
8.4

8.4.1
The e

iciency E; (see Annex A).

TE Because the gas is not totally extracted frofi\the oil, a rinse step can be required after
hcentration has been run (e.g. after analysis of the oil sample from the tap changer). The extractor
Eed with oil containing non-detectable quantitiesof. gases, except for those present in the air.

Stripping extraction method
General

xtraction of dissolved gases is carried out by the carrier gas itself bubbling through a

volumle of the oil. Typicallyran oil volume between 0,25 ml and 5 ml is used.

The ti
when

8.4.2

used with eold traps or for hydrogen analysis only.

Stripping apparatus

Varioyis.designs of strippers are used. Figure 7 shows borosilicate glass strippers. Qil is inf

me required to extract larger volumes would give unacceptable gas chromatograms ¢

) and

ssed.

b k) of

he oil
action

a high
can be

ry-free versions of the Toepler and-partial degassing methods are described in Anpex B.

small

xcept

ected

into the stripper from a syringe via a rubber septum. This septum can be used several times
(3 to 10 depending on the size of the needles) before leakage occurs.

A design of a stripper made of stainless steel is shown in Figure 8. A needle with a cock and
interchangeable syringe connection is permanently fixed into the base of the stripper and a
syringe containing oil is attached to the fixed needle. The oil is injected by the movement of a
pneumatic actuator on the syringe plunger.

The volume of oil injected shall be measured with an accuracy better than 1,0 %. Injection from
a precision syringe has been found to achieve this requirement but the difference of syringe

mass

before and after injection is to be preferred if better accuracy is required.
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Dimensions in millimetres

-
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A
1
\ I\
N
3
1 e Y
A—
S
S 2~ 13 R
A
IEC
b) Examiple 1 of stripper
for general analysis
Y
[\ h
/‘ A
3
2
v
<
Y \_/ Y
IEC IEE
a) Stripper for hydrogen analysis c) Example 2 of stripper
for general analysis

Key

1 glass indentations
2 capillary tube

3 oil injection septum

13 connection to six-port gas-sampling valve (see Figure 12 a))

Figure 7 — Types of glass strippers
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Dimensions in millimetres
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S
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Y & n
%
12/ e
L
- 7

480

\i

A

stainless steel tube (OD 6 mm — ID 4 mm)
heating blocks

temperature sensor

5 ml syringe

aluminium bracket

stainless steel capillary tubing inlet and outlet
(OD 1,6 mm)
7 waste oil

oA WN =X

IEC

8 end of oil injection needle
9 air cylinder

10 oil injection

11 three-way valve

12 stopcock

13 connection to six-port gas-sampling valve (see
Figure 12 a))

14  biconical union

Figure 8 — Stainless steel stripper
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8.4.3 Outline of procedure
a) As shown in Figure 9 a) connect the stripper in place of the sample loop of th

e gas

chromatograph gas-sampling valve preferably using compression fittings. Vacuum rubber
tubing may alternatively be used for the connections then verify that there is no leakage due

to overpressure of the carrier gas; if such is the case, reduce the overpressure.

b) Maintain the stripper at a controlled temperature between 20 °C and 80 °C. Indeed, elevated

temperatures reduce oil viscosity and facilitate gas stripping.

c) Allow the carrier gas to flow through the stripper.

d) Before injection of the oil, check that the operating conditions of the equipment are

satisfactory and particularly that the baseline on the recorder is stable.

upon the type of stripper used and the expected gas content. During this operatio

e) Inﬁect the oil to be analysed into the stripper. The volume of oil to be injected will d
carier gas flow through the stripper shall be maintained.

f) After the analysis has been completed, some stripper designs permit a_back flush

bpend
n, the

pf the

injected oil to waste without disconnecting the stripper. If the stripper is¢to-be disconnected

for cleaning, the gas outlet tube should be disconnected first to avoid\the possibility
oill sample entering the gas-sampling valve. Carry out the analysis as’in Clause 9.

of the

IEC

IEC

4
IEC
Position B purge (emptying of tripper) Position B1: injection + purge (emptying of stripper)
a)| Usual arrangement for degassing b) Arrangement with cold trap added for use
up to about 2,5 mI of oil WIth Targer quantities of oll

IEC

Key

A inlet carrier gas stripper
B outlet carrier gas (to chromatograph) six-port gas-sampling valve
C carrier gas for extraction mercury valve

cold trap

a H» ON =

waste vessel

Figure 9 — Schematic arrangement for connecting
an oil stripper to a gas chromatograph
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8.5 Headspace method
8.5.1 Principle of the method

In this method a volume of oil V| is introduced in a glass vial in contact with a gas phase
("headspace") of volume V5. A portion of the gases dissolved in the oil (H,, O,, N5, CH,, C5Ho,
C,yHy, CyHg, CO and CO,) transfers to the headspace, under equilibrium conditions of
temperature, pressure and agitation. The headspace is transferred to an injection loop or
directly in the column of the gas chromatograph depending on the apparatus used. Calibration
curves are used to establish the concentration of each gas in the headspace. The
concentrations of the gases in oil are then calculated by using Henry’s law and experimentally
deterl I;II;IIu thU Palt;t;ull UUUff;U;UIItO Uf thU U;: Ul by d;lcbt UG:;bIGt;UII vv;th HGO ;II U;: Otall JardS

A schematic representation of this method is shown in Figure 10.

WARNING - This method will provide reproducible results only if all the (gperatiopn and
calibration parameters are precisely controlled, otherwise significant errors!¢an occuf. The
followjing parameters are of particular importance: total volume of vials, volume of oil, tightness
of sefta, temperature, dilution with argon and actual pressure in the vials”after each step |of the
procefdure. The same exact parameters should always be used for field’samples, gas standards
and o|l standards.

NOTE | Symbols and abbreviated terms used in 8.5 are listed in 3.2.1 and 322:

5——X) S &X—»8

2/'H—|D—,—[‘
-

4

3

IEC

Key

-

vial

septum

oil $ample

gaslphase

carrier gas
pressurization gauge

headspace sampler needles

o N o g b~ W N

to GC injection loop and detectors

Figure 10 — Schematic representation of headspace sampler
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8.5.2 Headspace extraction apparatus
8.5.2.1 General remark

An example of a suitable design includes the following components.

8.5.2.2 Headspace sampler

This sampler is equipped with a transfer line connected directly or through a T union to the first
column of the gas chromatograph. Samplers equipped with a syringe injection have not been
evaluated.

NOTE | The size of injection loops is adapted to the type of columns in order to avoid broadening of peaks._Ifiigjection
loops I@rger than 1 ml are used, an overpressure high enough to adequately flush the sample loop is used, and filled
to atmqspheric pressure prior to the injection step (this will depend on the volume of the circuit between\the yial and
the vent in some systems).

A se¢ond injection loop can be necessary for injecting gas mixtures (directly intp the
chromjatograph, to check the response of the GC detectors daily with calibrated gas, gnd to
perfom the gas collecting relay analysis. These operations are al§e"‘possible using the
headgpace sampler, after transferring the calibrated gas mixture or~the gas sample from the
gas collecting relay into pre-purged vials.

8.5.2.3 Headspace glass vials
8.5.2.3.1 General

Use hpadspace vials suitable for use with the equipment. The actual volume of commercial vials
can dfffer from the nominal value.

NOTE | 20 ml vials have shown good performance. Thgiractual volume is closer to 22,3 ml.

The tgtal volume of the vial 7 has a greatiinfluence on the value of the V5/V| ratio, and ¢n the

final results. Since significant variations\of volume can occur between different batches of vials
and Hetween different vials of the<'same batch, the average value for each batch of| vials
purchpsed by the laboratory should be determined when they have different batch numbers.
This gan be done by measurement of the mass of pure water that can be contained inja vial
accorgling to the procedure described below in 8.5.2.3.2.

Condition 10 to 20 vials from the same batch and 100 ml of distilled water for 1 h at|room
tempgrature and note_the temperature.

8.5.2.3.2 Headspace glass vials calibration procedure

Determing the weight of the empty vials to the nearest 0,01 g. Fill the vials completely with
distilljd water as shown in Figure 11 and reweigh to the nearest 0,01 g. Calculate the vplume
of ea

o H Ll H 4+l £o11 H i
I vidl Uy Uollty Urc TUTNTUwWITTy ©TYuUdtivull.

V=(W=-Wy)lD

vV is the total volume of the vial, in ml;

Wy is the weight of the empty vial, in g;

/4 is the weight of the vial filled with water, in g;

D is the density of water at measurement temperature, in g/ml.

Calculate the mean volume and the relative standard deviation, s % for the vials tested. If the

value of s % is higher than 1 %, the controlled batch of vials is rejected and a new batch of vials
shall be tested.
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8.5.2.

The bfands of septa used should not introduce>contamination of the vials during analys

shoul
needl|

The guitability of septa is checkedy by analysis on blank vials containing argon o
atmogpheric pressure, having been punctured the same number of times as the vials cont

the oi

oxygen and nitrogen should bejfound (not more than 150 ul/l O, and 350 pl/l N,).

Anoth

water
crimp

Poros

mixtu
Using

erioc of ahaoit ana waoaek tha firct analucac haina mada ac cnnn ac nnccoihla aftar fillig
p £ about-one-week—the-first-analyses-being-made—as—soon-as—possible—atterfilk

IEC
Figure 11 — Vial filled withr water

B Septa

I not leak after having been punctured by needles, especially by the large dia
bs in 8.5.3.1.3.

samples or gas standards and left for 24 h at room temperature. Very low quantif

bath heated af 90 °C and checking for bubbles This test is useful also for checki
ng method.

ity of septa can also be tested by filling a number of crimped vials (at least 10) with
e containing approximately 100 pl/l hydrogen using one of the methods within 8,
the method in 8.5.4.3, analyse duplicate vials for hydrogen content at intervals ¢

ler means of checking septa is by immersing the closed vial with its pierced septumw in a
g

s and
meter

nly at
hining
ies of

the

a gas
5.3.1.
ver a

g the

vials. Normal calibration procedures should be carried out. The septum and seal are acceptable

if the

rate of decrease in hydrogen concentration is less than 2,5 % per day.

NOTE 1 Only polytetrafluoroethylene-lined septa are used, preferably of the chlorobutyl rubber, high-temperature

type. S

ilicone rubber septa have been found to leak and are best avoided.

In any case, new types of septa are checked before use. The quality of the crimping equipment (crimping head and
perforated aluminium caps) and the skill of the operator have been reported as critical.

NOTE 2 When the reliability of septa cannot be assessed with certainty, a subprocedure 8.5.3.1.2 (preparation of

vials in

an inert box) is used.

NOTE 3 These tests are typically performed on each batch of 3 000 vials.
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8.5.2.5 Qil syringes

Appropriate oil volumes, measured as precisely as possible, are introduced in the vials, so that
the Vg/V ratio is the same for all field samples and gas-in-oil standards analysed. Volumes of

10 ml to 15 ml have been found suitable, but lower or larger oil volumes may be used,
depending on the gas content of the oil sample. Glass syringes of 20 ml, 30 ml or 50 ml can be
used. New batches of syringes should be calibrated with the following procedure.

Fill a syringe with 20 ml of oil of known density. Weigh the filled syringe to the nearest 0,01 g.
Draw 15 ml of oil from the syringe then reweigh the syringe. Subtract the two weights to obtain
the weight of oil drawn. Calculate the volume of oil by dividing the weight of oil by the density
of thg—eit—Perform—this—test—on—26—syringes—of—each—rewbatch—Calettate—the—s
deviafion(s) and s % for the 20 syringes. If s % is higher than 1,3 %, the controlled~ba
syringes is rejected and a new batch of syringes shall be tested.

Glass| syringes are not intended for precise volumetric work. The index mark‘on the pigton is
about|[ 0,5 ml in width, allowing considerable variations with operators. Theréfore, the [exact
amoupt of oil introduced in a vial should be measured by weighing the vial'or the syringe before
and after introduction of the oil (see 8.5.3.1).

Two different types of needles are needed (A and B). For type A; 0,84 mm ID (gauge 18) (for
the trgnsfer of oil) and for type B, 0,25 mm ID (gauge 26) (for thétransfer of gases and prgssure
equilibration) have been found suitable. Needle size should be*adapted to the type of sefpta to
ensurg that they will not induce leaks (see 8.5.2.4).

For the procedure of 8.5.3.1.3, a maximum size of 0,84 mm ID and 1,27 mm OD (gauge|18) is
reconmmended to avoid leaks through the septa.

For tHe procedure of 8.5.3.1.2, larger size needles may be used as they will not be uged to
piercq septa, and a larger size needle will facilitate oil introduction.

8.5.2.p Inert boxes
8.5.2.p.1 General

An ingrt box (either a glove box, a glove bag or a "revolving table") is required for the procedure
of 8.5/3.1.2.

8.5.2.6.2 Glove box

The glove box dnd-its lock chamber should be purged with at least five times its volume of fargon
(typically, at.'400 ml/min). Alternatively, a plastic glove bag, filled with all the necgssary
equipment(syringes, vials, etc), then purged with argon, may be used.

8.5.2.6:3— Revotving table

The "revolving table" is described in Figure 12: a carousel carrying 20 empty vials is placed in
a circular housing, hermetically covered by a transparent removable lid. The carrousel can be
rotated from outside with a knob.

A septum is attached to one side of the lid, and a vial crimper on the other side, both facing the
mouth of the vials.

The revolving table is continuously flushed with inert gas (the same used as carrier gas) at a
known and constant flow rate and pressure, to ensure constant operation conditions.
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lid
rotdting carousel
argpn purge

vial
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oil $yringe

vial| septum and cap.
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vial| crimper

10 vialllifter

Figure 12 — Revolving table

8.5.2.7 Headspace operational conditions

See Table 2. The same conditions can be used for mineral and non-mineral oils.
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Table 2 - Examples of headspace operating conditions

Monit
within
an ex

This d
heads
heads

The dtmospheric pressure and ambient temperature shall be recorded when filling the

within
varioy

8.5.2.

The argon used shall be chromatography graded (typically, > 99,999 % pure).

Headspace operating conditions

Carrier gas Argon

Temperatures, in °C Vial 70
Transfer line 70 to 150
Injector 150

Pressure, in kPa Overpressure in vial 35to 40

Volume, in ml Sampling loop 0,25to 1

TTmes, m min Equilibration TO to 180
Pressurization 0,05 to 0,25
Pressure equilibrium 0,05 to 0,25
Expansion in sample loop 0,20 to 0,25
Injection 0,20 t0,1,00

Mixing power High

NOTE 1 Ultrasonic agitation is not used to speed up equilibrium.times as it can

produce hydrogen.

NOTE 2 "High" (or "maximum") mixing power refers te‘the position on the

headspace equipment (about 100 shaking movements per‘minute).

NOTE 3 The pressurization time used is the shortest‘one to get equilibrium.

bring or recording of measurable parameters (argon overpressure, temperature

ended run.

an be done by recording or printing the electronic reading of pressure available with
pace equipment during the<analysis. Important modifications are used for
pace samplers that have only mechanical reading of the pressure.

a precision of £0,5:%, to be able to calculate actual quantities of gases introduced
s steps of the procedure and to convert to the conditions of this document.

B Gases

Standjardvgas mixtures supplied with a calibration certificate of 1 %, if available, or at

2023

etc.)

a precision of £0,5 % is advisable to verify if they have not changed accidentally during

in the
some

vials,
at the

worst

12 %, are used to establish a calibration curve for each dissolved gas. The concentrations of
the mixtures should be chosen in order to fully cover the expected concentration range of field

sampl

es, which depends on the type of equipment to be monitored.

Different levels of concentrations in the calibration curve may be obtained by injecting different
volumes of the same standard mixture or by using different standard mixtures in a suitable
concentration range.

8.5.3
8.5.3.
8.5.3.

Headspace extraction procedure
1 Preparation of vials

1.1 General

Two alternate methods are possible, using either an inert box or needles.
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8.5.3.1.2 Preparation of vials in an inert box

8.5.3.1.2.1 General

This method has the advantage that septa are never punctured before being placed in the
headspace carrousel. The risk of septa leak (with its dramatic effect on analysis results) is

theref

ore much reduced.

8.5.3.1.2.2 Pre-purging of vials

Pre-purging can be carried out

a) in
10
ne
in
lo
wi

b) in
an
10

8.5.3.
Vials
a) in

SY

an
fix]

the glove box: for practical reasons, series of 10 samples are prepared. Label and

vials with their corresponding perforated aluminium caps and septa (uncrimped)
arest 0,01 g. Place the 10 weighed vials, 10 glass syringes of 20 ml, and 107ail'sa
their glass syringes or glass ampoules in the lock chamber of the glove boX. Purd
tk chamber with argon. Transfer the content of the lock chamber into thé glove boX
th argon;

the revolving table: up to 20 empty vials weighted as above and theircorresponding
d septa (of known average weight) are placed in the closed housing. Purge with arg
min to 15 min.

1.2.3 Preparation of vials with oil samples
vith oil samples can be prepared as follows:

the glove box: with a 3-way valve transfer about s ml of the first oil sample into a
ringe and rinse the entire body of the syringe.with the oil. Release the 5 ml oil to

a needle to the glass syringe.

R
1

final oil volume (between 10 ml and\*5 ml) has been chosen.

Clpse the vial with its septum and:erimping cap and crimp with the help of the crimping
making sure that the lined sidetis turned towards the inside of the vial.

Ng
dig
R{
b) in
ab

of
se

lease about 5 ml of oil into the waste vessel, then fill an empty vial with the rem
ml of oil with the tip of the needle to-the bottom of the vial. Adjust the volumes if a

TE 1 Closing the vial is done within 45 s after the vial has been filled with oil; otherwise, the sa
carded and a new one prepared.

peat the same procedure for the other nine samples.

the revolving table: connect a needle to the syringe containing the oil sample. Rg
out 5 ml of-the"oil sample into the waste vessel, to condition the needle and remove {
air bubble§. Introduce an aliquot (10 ml to 15 ml) of the oil sample in a vial throug

Cc
pr

rousel~again and crimp the vial using the crimper and vial lifter. Repeat the
cedure for the 20 vials, then stop the flushing, open the lid and remove the vials fro

weigh
to the
mples
je the
filled

caps
on for

glass
waste

d fill the glass syringe with 20 ml of oil. Disconnect the oil syringe or glass ampoule and

aining
lower

bead,

mple is

lease
races
jh the

ptum of.the lid. Rotate the carousel and move the caps on the top of the vials. Rotafte the

same
m the

ca

!
r'UuUSCTI.

c) Take the crimped vials out of the glove box or revolving table and weigh them to the nearest
0,01 g. Calculate the mass of oil by subtracting the weight of the empty vials from the weight
of the filled vials and calculate their volumes by dividing the mass by the density of the oil.

NOTE 2 The actual density of oil (measured according to ISO 3675 or other standardized method) is used for
the calibration procedure with gas-in-oil standards. For sample analysis, an average density of the oil type (e.g.
one for paraffinic oils and one for naphthenic oils) is used.

Measure the pressure and the ambient temperature in the glove box or revolving table precisely.

Place

the oil-filled vials in the headspace carousel for analysis.

The same procedures apply to gas-in-oil standards.
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8.5.3.1.2.4 Preparation of vials with gas standards

This is effected outside the glove box or revolving table. Place a piece of paraffin film
(Parafilm®)! on the mouth of a vial. Insert two needles through the film. Purge with calibrating
gas mixture so that the purging volume of the vial is at least five times the volume of the vial
(typically, 1 min at 100 ml/min). Remove the needle and close the vial with a septum and crimp
cap, without removing the film.

8.5.3.1.3 Preparation of vials with needles

8.5.3.1.3.1 General

Crimp a series of vials using perforated aluminium caps fitted with a PTFE-lined septum.\Hnsure
that the lined side is turned towards the inside of the vial and that the latter is properly Sealed
by try|ng to turn the cap. If the cap is not tightly fixed, repeat the process.

8.5.3.11.3.2 Pre-purging of vials

Insert|/two needles A (8.5.2.5) through the vial septum, one to be used as’inlet gas and the other
as ouglet gas, on the sides of the septum, not in its centre. Purge each vial with argon at least
five times the vial volume (e.g. at a rate of 1 I/min for 0,1 min at(420 kPa or 120 ml/min for
1 min).

First femove the outlet needle and then the inlet needle, tobuild up some argon overprgssure
in the|vial. Removal of the outlet and inlet needle should-be done with a minimum of dglay in
order [to avoid excessive overpressure if high flushing-fates are used.

The effficiency of this preparation technique cantbé 'checked by analysis of one of thesg vials
contalning only argon. This has also been usedrfo test the quality of septa (see 8.5.2.4)| Very
low quiantities of oxygen and nitrogen should<be found (see Note 2 of 8.5.2.4).

8.5.3.1.3.3 Preparation of vials with gas standards

Insert/two needles A (8.5.2.5) throughthe vial septum, one to be used as inlet gas and the| other
as outlet gas. Purge one vial with each calibration gas mixture at the same rate uged in
8.5.3.11.3.2.

First femove the outlet heedle (overpressure will take place in the vial). Remove the inlet
needle. Using a 10 ml~syringe with a type B needle remove the overpressure in the \ial by
insertlng the needle of the syringe through the septum. After equilibrium, the atmospheric
presspire will besgbtained. If not, the dilution factor, and the results, will be affected when jargon
overpfessure @isyapplied at the next stage.

Measure the ambient temperature and atmospheric pressure precisely in order to determine the
exact|quantities of gases present in the vial and to convert to normal conditions (20 °C;
101,3 kPa).

8.5.3.1.3.4 Preparation of vials with oil samples

Weigh a pre-purged crimped vial. Attach a type A needle to the syringe stopcock. Insert the
needle through the septum and insert simultaneously a second type B needle to release the
argon overpressure.

1 Parafim® is the trade name of products supplied by Pechiney Plastic Packaging Company. This information is

given for the convenience of users of this document and does not constitute an endorsement by IEC of the
products named. Equivalent products may be used if they can be shown to lead to the same results.
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Fill up the vial with the chosen amount of oil. Remove the two needles together, to make sure
that the pressure in the vial at this stage is atmospheric pressure.

Weigh the oil-filled vial and subtract the weight of the empty vial to get the mass of oil in the
vial. Divide by the density of the oil to get the exact volume of oil in the vial.

The same procedure applies for vials of gas-in-oil standards.

8.5.3.2 Headspace analyses

Place the vials inside the headspace sampler and begin the analysis using operational
condifions such as those given in Table 2 as examples. As shown in Table 2, a large range of
tempgratures is possible for the transfer line and the injection valve, as well asfor the
equilibration times, depending on the exact type of equipment used.

NOTE | Pressure in the vials at this stage is always below the injection pressure (140 kPa).Rressure in thg glove
box caf exceed this, in which case it is measured (in the glove box, or in the vial, with the gauge on the heafdspace
equipment) and reduced if necessary. Ideally, it is close to atmospheric pressure and knewn.With precision ip order
to make the corrections and calculations indicated in 8.5.4.2 and 8.5.4.3.

Recond the actual atmospheric pressure throughout the run, sincezt-can vary by severgl per
cent pver an extended run, especially if unattended, and it(can be necessary to [make
corregtions to total pressure in the vial.

8.5.3.8 Procedure for analysis at low concentration levels

The pfocedures described in 8.5.3.1 and 8.5.3.2 provide the detection limits specified in Table 5
for sefvice tests. More sensitive procedures (and special attention to avoid contaminatiop) are
required to obtain the detection limits specified foracceptance tests, where extracted gapges in
the hgadspace of the vials are in the nl/l range.

Toepler and partial degassing, where extracted gases are in the pl/l range at these levels, are
more [recommended for acceptance tests. However, if headspace is to be used fgr low
concentration levels and acceptance tests, the more sensitive equipment and procedures
descr|bed below are required:

— capillary GC columns such-as the PLOT columns described in 9.3.2;
— refluced dead volumes between the vial and the GC detectors;

— cdlibration with different calibration curves;

— manual (ratherfhan electronic) integration of the baseline of GC peaks. This will lowgr the
ddtection limits to typically 0,2 ul/l for hydrocarbons;

— for the still"lower detection limits of acceptance tests, a larger injection loop of 1,5 ml,
followed by a split of the gas sample between the vial and the GC columns (typically, of
1/$04e" 1/100). This will result in much sharper GC peaks (particularly for hydrogen);

NOTE The equipment can be instructed to automatically choose the splitter option (e.g. 1/100 for acceptance
tests and 1/10 for service tests).

— alternatively, a syringe may be used to manually transfer a gas sample from the vial to the
injection port of the GC. This will eliminate the gas dilution resulting from argon
pressurization of the vial.

8.5.3.4 Procedure for analysis at high concentration levels

It has been observed that when hydrogen concentration levels are too high, the measured
values are considerably below actual values. In such cases, a smaller volume of the oil sample
should be used to obtain accurate results.
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It has been found that when the hydrogen content is typically above 6 000 pl/l, a second sample
with 7 ml of the oil sample in the vial and a third measurement with 3 ml in the vial should be
performed. Valid results are obtained when identical values with two different dilution factors
are measured.

When using the procedure in 8.5.4.2 (calibration with gas-in-oil standards), introduce the
reduced volume of oil sample (7 ml or 3 ml) in a syringe, complete to 15 ml with degassed oil,
then transfer into a vial and proceed as with regular oil samples. Multiply the measured values
of gas in oil by the proper oil dilution factor (15/7 or 15/3).

When usmg the procedure in 8.5.4.3 (callbratlon W|th gas standards) |ntroduce the reduced
volu I pT ] [ '
the oil sample using the equation indicated in 8.5. 4 3 and the proper values of Vg and 1.

NOTE | This non-linearity has been observed mainly with hydrogen dissolved in oil, but _samples with high
concenfrations of the other dissolved gases can also be measured following a similar procedure.

8.5.4 Calibration of the headspace extractor
8.5.4.{1 General remark

Two different calibration methods are available.

8.5.4.p Calibration with gas-in-oil standards

This is the preferred method of calibration recommended by CIGRE TF D1.01.15 and JIGRE
WG AR/D1.47.

The gdvantage of this method is that knowledge of precise partition coefficients {s not
necesgsary. Neither is it affected by the linearity problems evidenced by the scatter of results
obseryed during CIGRE inter-laboratory tests using partition coefficients.

Threg| gas-in-oil standards (GIOS)cat different concentrations, prepared according fo the
methqds described in 7.2 or 7.3, @re run at least once a month or each time an operdtional
paranjeter has changed (argon:gverpressure, new batches of vials or syringes) or if calibfration
of GCl detectors with gas standards indicate a change in the response of detectors.

Direcf calibration curves are drawn, relating peak height or peak area to the concentrafion of
gaseq in the GIOS.

When|an unknown-oil sample is run under exactly the same operational conditions, its disgolved
gas cpncentrations ¢°" can be obtained by using these calibration curves.

For the'storage of gas-in-oil standards, see CIGRE TB 783-2019, section E3, p.44.

8.5.4.3 Calibration with gas standards

It has been confirmed in CIGRE TB 783-2019 that laboratories using the calibration method in
8.5.4.3 have less accurate and more disperse results than those using the preferred method in
8.5.4.2, based on numerous round robin tests and proficiency test programmes.

The advantage of this method is that there is no requirement to prepare gas-in-oil standards for
direct calibration of the headspace extractor.

Partition coefficients are to be determined accurately, however, under exactly the same
operational conditions as the oil samples (see 8.5.4.4).
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A vial containing the gas standard, prepared according to 8.5.3.1.3.3, is placed in the
headspace sampler and analysed through the headspace injection loop.

Calibration curves relating peak height or peak area to the concentration of the gases in the
gas standard are drawn. When an oil sample is run under exactly the same operational
conditions, the concentration of the gases in the gas phase Cg can be obtained by using this

calibration curve.

The concentrations in the oil sample are then determined using the following equation, based
on Henry's law, which requires that the partition coefficients K and the actual vial volume ratio
(Vg/V) for each oil sample be precisely determined.

NOTE

Gene

pressyre inside the vials before headspace extraction should be th€-same. Concernir
atmogpheric pressure, it can vary during the time several samiples are analysed;
consegquence, in some systems equipped with sample loops in\equilibrium with atmos
pressyre, the amount of gas (number of moles) going to the detector through the sampls

canc

NOTE 2
oil standards.

8.5.4.4 Determination of partition coefficients

The rgcommended method of determination of partition (or Ostwald or solubility) coefficig
the C|GRE TF D1.01.15 method consisting of bubbling pure gases in the oil or bubb

stand

It has

the hgadspace method and gas-in-oil standards, and the so-called slope intercept metho
not refiable and reproducible!

Examples of headspace)partition coefficients measured experimentally at 70 °C in a m
insulating oil of density d = 0,864 are given in Table 3.

CO =Cgx(K+Vg /W)
V. and Vg are calculated according to 8.5.2.3.2 and 8.5.2.5.

ally, gas standards are prepared together with oil samples and, soythe temperatur

nange. Because of this, a correction for atmospheric pressure should be made.

When using this procedure, the overall performance of the extractor is verified regularly by running

brd mixture of gases in the oil.

been shown by CIGRE that\partition coefficients measured by different laboratories
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Table 3 — Examples of headspace partition coefficients at 70 °C in mineral insulating oil

Headspace partition coefficients at 70 °C in mineral
insulating oil
H, 0,074
0O, 0,17
N, 0,11
CH, 0,44
co 0,12
Co, 1.02
C,H, 0,93
C,H, 1,47
C,Hg 2,09
CsHg 5,04
C,Hg 5,37
C,Hg 10,10

Shake test and mechanical oscillation versions of the headspace gas extraction methqd are
described in Annex B.

9 Gas analysis by gas-solid chromatography

9.1 General remarks

Gas slamples, whether obtained from gas-collecting relays or removed from an oil samplg, are
analys$ed by gas chromatography. The gases to be determined are as follows:

— hyldrogen H,

— oxygen 0,

— nifrogen N,

— methane CH,
— ethane C,Hg
— ethylene CoHy
— adetylene C,oHy
- caIrbon monoxide CO
— carbon dioxide CO,

For the purposes of this document, C5 hydrocarbons are not required, but they can on occasion
give useful information.

A number of methods may be used for the analyses; the two methods detailed in Table 4 are
given as examples that have been found suitable for all extraction techniques.

The following assumes a measure of competence in the techniques of gas chromatography and
omits, for brevity, many details that can be found in practical manuals on these techniques.
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Table 4 — Examples of gas chromatographic operating conditions

Example 1

Example 2

Type of columns

Packed

PLOT

Column 1 Porapak N®?2 or Haysep N®?3, Carboxen 1 006®* or

L=3;D=3 Carboplot P7 ®5,
L=30;D=0,5

Column 2 Molecular sieve 5A or 13x Molecular sieve 5A (50 uym)
L=0,5D=3 L=30;D=0,5

Tempgrature (°C) of:

Colunmn bypass valve 120 90

FID 250 250

HID 250 250

TCD 200 200

Methgnator 400 350

Oven 35 to 180 40 t0M00

Gase$ separated

On cdlumn 1 CO, (TCD) C,H,. C,H,, C,H,, CO,? (FID

CO,? C H,, (FID)

On cdlumn 2

H,, O,, N,, CO (TCD)

H,, O,, N,, CO (TCD)

CO? (FID) CH,, CO? (FID)
Argor| carrier gas 25 ml/min 6 ml/min
Key
PLOT| porous large open tubular
FID flame ionization detector
HID helium ionization detector
TCD | thermal conductivity detector
L length (in m)
D diameter (in mm)
a CO and CO, conyerted into CH, by methanator.
2

Porapak® is the trade name of products supplied by Water Associates. (Porapaks® are porous polymer beads
modified to give different retention characteristics. Eight types are available; in order of increasing polarity these
are Porapak® P, PS, Q, QS, R, S, N, and T). Haysep® products are polymers of a similar type. This information
is given for the convenience of users of this document and does not constitute an endorsement by IEC of the
products named. Equivalent products may be used if they can be shown to lead to the same results.

Haysep N® is the trade name of products supplied by VICI Valco Instruments. This information is given for the
convenience of users of this document and does not constitute an endorsement by IEC of the products named.
Equivalent products may be used if they can be shown to lead to the same results.

Carboxen® is the trade name of products supplied by Sigma-Aldrich. This information is given for the convenience
of users of this document and does not constitute an endorsement by IEC of the products named. Equivalent
products may be used if they can be shown to lead to the same results.

Carboplot® is the trade name of products supplied by Agilent Technologies. This information is given for the
convenience of users of this document and does not constitute an endorsement by IEC of the products named.
Equivalent products may be used if they can be shown to lead to the same results.
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9.2 Outline of suitable methods using Table 4

In example 1 of Table 4, two separate runs are made, one with a Porapak® column and the
other with a molecular sieve column. A single detector having adequate sensitivity for all the
gases to be detected is not available; thus, the gases eluted from the column in use are passed
over both a thermal conductivity detector which detects atmospheric gases, CO, CO, and H,

and a flame ionization detector which detects hydrocarbons.

To determine CO and CO, with improved sensitivity, a methanator may be fitted at the inlet of
the flame ionization detector to convert CO and CO, to methane, which is then detected by the
flame ionization detector.

In exgmple 2 of Table 4, more sensitive porous large open tubular (PLOT) columns.are|used,
particularly in the case of headspace extraction.

When|using a stripping extraction method, it may not be possible to achieve-the sensitivily and
precigion for hydrocarbons required for factory tests using less than 5 ml.of oil. Larger volumes
of oil (10 ml) require longer stripping times to extract the dissolved gases, which would give
unacdeptable gas chromatograms unless the extracted gases were to\be concentrated by cold

trappipg.

The method in 9.3 is written for an apparatus in which the“oUtputs from the detectofs are
switched electrically so that they may be dealt with by a S§ingle channel integrator or gingle
chanrlel chart recorder. Use of a dual channel integrator or recorder eliminates the negd for
switching.

9.3 |Apparatus
9.3.1 Gas chromatograph

Figure 13 is an example of the layout of amtinstrument that has been used and found acceptable.
Injection arrangements shall suit the.method by which gas is transferred from gas extraction
equipment into the chromatograph.

Thus,|the vacuum extractionequipment described in Figure 6 and used for both Toepler|{pump
and pprtial degassing methods transfers the gas via a gas sample valve and calibrated sample
loop, A method recommeénded to improve repeatability.

Alternatively, gas samples may be transferred and injected into the chromatograph uging a
precigion gas-tight-syringe, and this latter method is generally used for gas samples from gas-
collectting relays.

In the|cdse-of extraction by stripping (see Figure 9), a sampling valve is used, with the stripper
insertedyin place of the sample loop as shown in Figure 9 a) Arrangements where a stripper

plus cold trap are used are shown in Figure 9 b).

In the case of the headspace method, the headspace accessories described in 8.5.2.2, a bypass
valve, and a zero-dead volume adapter (0,53 mm ID) for the column connections are used for
injecting extracted gases.
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Figure 13 — Schematic arrangement for gas chromatography
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9.3.2 Columns

In the present examples of Table 4, two columns are used with a two-way valve enabling
selection between the columns.

However, the important requirement for all columns is that they should achieve good separation
in as short a time as possible, while giving all elutions on a stable baseline. The columns
indicated in Table 4 are given only by way of examples and other columns meeting these
general requirements may be used.

In the case of the headspace method, the packed columns described in example 1 of Table 4
can bp—used—fortheToutime allaiyaib of Uiia, iluvvuvul, attow gdb'ill'uii concentration vels,
gaseq shall be detected in the headspace phase at the nl/l level. This requires the use pf the
PLOT|columns of example 2 of Table 4. At these nl/l gas levels, special care should-be [taken
to prejvent contamination and in the control of the GC detectors.

9.3.3 Carrier gas

The cprrier gas is, preferably, gas chromatograph grade argon.

9.3.4 Detectors

The gpses eluted from the columns are passed over a thermal‘conductivity detector (TCD) and
a flame ionization detector (FID). A helium ionization detector (HID) can be used instead [of the
FID apd TCD. The HID is 10 times more sensitive than-the FID, using helium as a carriefr gas,
and dpes not require the use of a methanator.

9.3.5 Methanator

In the] present examples, a methanator is fitted at the inlet to the flame ionization detegtor to
improye the sensitivity with which CO andi€0, can be detected by converting these gases to

methgne.

NOTE | The activity of the methanator can/be impaired by the presence of sulphur hexafluoride (this gas is sometimes
used ip cable terminal boxes and can.diffuse into the equipment filling oil). In this case, a different anjalytical
arrangg¢ment is used which is not désgribed in this document.

The mgthanator can lose some\sensitivity (and the CO,/C,H, and CO/CH, ratios decrease) with time, but |can be
recalibfated.

9.3.6 Cold trap

When| the stripping method is used, a cold trap may be fitted at the outlet of the stripper to
improye thessensitivity for hydrocarbons.

Figure_ 9:-b) shows an example of the method of inclusion of a cold trap. A typical device used
consists of a 130 mm long, 6 mm OD, stainless steel tube packed with 100/120 mesh
Porapak Q® or equivalent, maintained below —54 °C in a suitable freezing mixture such as solid
carbon dioxide and alcohol.

During stripping, a separate carrier gas stream circulates in the cold trap while the main carrier
gas flows directly to the gas chromatograph. After stripping, a valve is switched to direct the
carrier gas flow through the cold trap. Then the trap is rapidly heated to 80 °C, injecting the
trapped gases onto the analytical columns.

9.3.7 Integrator and recorder

The electrical outputs from the detectors are fed to an integrator. Additionally or alternatively,
a chart recorder may be used.
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9.4 Preparation of apparatus

a) Set up the chromatograph and allow the flow of carrier gas and the temperature to stabilize
as shown by the production of a steady baseline.

b) For the vacuum extraction methods, either inject the gas sample using a syringe or with the
gas sample loop previously evacuated.

c) For the stripping method, introduce the oil sample into the stripper by means of a precision
syringe.

d) For the headspace method, inject the extracted gases using accessories indicated in 9.3.1.

9.5 Analysis

See Higure 13.

A poskible procedure using one chromatograph fitted with two columns, a gas-sampling|valve
and a|methanator is given below (example 1 of Table 4).

a) Adjust the selector valve (4) (position A) to bring the Porapak® (5a)/or-equivalent cplumn
info use.
b) Tdrn the sample valve (2) to introduce the gas sample.

c) Uge another switch to select the flame ionization detector (6b)._The first peak to emerge will
bg CO converted to CH, by the methanator. The second péak will be CH,. The third peak

is |CO, converted to CH, by the methanator, and this is followed by C,H,, CoHg and €,H,.

NOTE | The CO and CO,, having been converted to CH, by the methanator, are detected at high sensitivity| by the

flame ipnization detector. High concentrations of these gases:can well exceed the linear range of this deteptor. In
this cage, use can be made of a thermal conductivity detector'to evaluate the CO, before methanation.

d) Adjustthe selector valve (4) (position B) tQ bring the molecular sieve column into use. Qbtain
a stable baseline.

e) Refill the gas sample loop according o step j) of 8.2.3.
f) Tdrn the sample valve (2) to introduce the gas sample.
g) Usge another switch to select:the thermal conductivity detector (6a). Peaks will emefge in
the following order: H,, O,and N,.
h) Uge another switch to,select the flame ionization detector (6b). The next peak will bg CHy;
the last peak to emerge will be CO converted to CH, by the methanator.

i) Pdrge any retained’ gases from both columns.
j) One determination per gas sample is normally sufficient.

9.6 |Calibration of the chromatograph

Retention times are established by injection of dilutions of individual gases in the carrigr gas
into tﬂrﬂmmmmﬂmmmmw ; ined

using a standard gas mixture diluted with the carrier gas, containing known concentrations of
all gas components to be determined, in proportions resembling those found in oils from
transformers. Such a standard mixture should be used periodically, depending upon the stability
of the equipment. For better precision, calibration should be undertaken immediately before
analysis of the oil sample.

The minimum number of standard gas mixtures for calibration of the chromatograph varies from
one to three. Only one is necessary when performance of analysis equipment has been found
linear (by verification of the entire system) in the concentration range of gases usually found in
transformer oil.

A different standard for verification of GC detectors should be run at least once a day.
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9.7 Calculations

a) ldentify the gas corresponding to each peak by comparison with the chromatograms
obtained during calibration.

b) Measure the area or height of each peak, note its retention time and apply the calibration
data to obtain the gas volumes.

c) When dealing with analyses of gases taken from gas collecting relays, calculate the
concentration of each gas in per cent by volume.

d) When dealing with analyses of gases extracted from oil, calculate the concentration in
microlitres of each gas per litre of the oil from which it was extracted (or micromole of each
gas per litre of oil).

Disso|ved gas concentrations in the oil sample should be converted to these standard eonditions
(101,325 kPa and 20 °C), using the following equation:

2 (corrected) = C0 x(P /101,325)x (293/(273+t)

where

C,‘_) is the concentration of gases in the oil sample at ambient temperature and pressure;
t is the ambient temperature, in °C;

P is the atmospheric pressure, in kPa.

NOTE 1 pl/ | corresponds to one part per million (1 ppm) by voltdme and 0,042 pmol/l at 20 °C and 101,3 kPa.

NOTE 2 Concentrations in pmol/l can be converted to pl/l gr’ppm, under the standard conditions of Notg¢ 1, by
multiplying by 22,4 (293/273).

NOTE The total gas content of oil by volume, expfessed as a percentage, in the case of partial degpssing,

strippinig and headspace methods, can be estimated by the sum of the individual gas concentrations expressef in pl/l
under the standard conditions of Note 1.

The dorrection for incomplete gas exiraction in partial degassing method is descrijed in
Annex A.

The cprrection for gas bubblesJin oil syringe or air gap in rigid bottles is described in Annex D.

10 Quality control

10.1 | Verification of the entire analytical system

The preferredsmethod of ensuring that the entire system (extraction and chromatography)|gives
stablg apd.accurate results is by analysing a known quantity of gas-in-oil standards (contgaining
all thg gases listed in 9.1 in proportions resembling those found in oils taken from transformers)
in place of an oil sample and carrying outf all the procedures defailed in Clause 10.

In the case of the Toepler pump extraction method, it has been confirmed that the extraction
efficiency and performance of the whole analysis equipment can be verified by the daily analysis
of an air-saturated oil standard (see Annex C) and one standard gas mixture with average gas
concentrations in the range usually found in transformer oil samples.

It is recommended to use at least two gas-in-oil standards, one containing low concentrations
of gases (resembling oils in factory tests) and the other containing higher concentrations
(resembling oils from equipment in the field) to check the quality of the results produced by the
analytical system in the entire linearity range. The chromatogram peak areas or heights can
then be related directly to the quantities of gases present in the oil, compensating automatically
for incomplete extraction and other operational factors.
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It is good practice to repeat this procedure at intervals of calibration of not more than six months

or foll

10.2

owing changes in apparatus or operating conditions.

Limits of detection and quantification

The basic requirement is that the analytical system, consisting of degassing equipment and gas
chromatograph, shall have adequate sensitivity for the task for which it is designed.

Not only the detection limit, but also the sensitivity, the repeatability and the accuracy of results
depend on many details of the overall procedure, in particular the method of extraction and the
design and method of operation of the gas chromatograph and its ancillaries.

For e
a the

consigerably improved.

Tests

In thel case of headspace, extraction efficiency is low, and the congentration of gases

ample, by using a methanator combined with a flame ionization detector, instead of
mal conductivity detector, the sensitivity and detection limit for the carbon oXide

using
s are

on equipment in service where the dissolved gas concentration is often high do not require
the sgme detection limits as factory tests where gas concentrations arecusually very low.

in the

extragted gas phase is typically 100 times lower than with the other extraction methods. At low
gas-ir-oil concentration levels, detection limits in the nl/l range in the gas phase ¢f the
headgpace are therefore necessary, requiring the use of\umore sensitive equipment and

proce

It is

sensiflivities for all gases. For guidance, experience'indicates that the entire analytical s

shoul

For th
that o

NOTE

is defined as the lowest concentration-that can be quantified with a reasonable precision and accuracy.

dures (see 8.5.3.3).

necessary that each laboratory determines..overall procedures that will give sy

| be capable of detecting gases dissolvedn oil at the concentrations indicated in T4

le analysis of gas samples taken fronligas-collecting relays, a detection limit equivaJ
btained for the analyses of gasesextracted from the oil for service tests is adequa

The limit of detection is defined as the lowest concentration that can be identified. The limit of quanti

Table5 — Required limits of detection in oil

itable
ystem
ble 5.

ent to
e.

ication

Acceptance tests Service tests
Gases Concentrations at 20 °C

pl/l pumol/I il pumol/l
Hydrdgen 2 0,08 5 0,2
Hydrdcarbens 0,1 0,004 1 0,042
Carbqn_monoxide 5.0 0.2 25 1.0
Carbon dioxide 10 0,4 25 1,0
Oxygen 500 21 500 21
Nitrogen 2 000 84 2 000 84
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10.3 Repeatability, reproducibility and accuracy
10.3.1 General remark

Repeatability (), reproducibility (R) and accuracy are defined in detail in ISO 5725-1.

10.3.2 Repeatability

Repeatability is related to the differences that are observed when the same oil sample is
analysed several times by the same laboratory over the same day or a short period of time.

For gps concentration levels greater than 10 pl/l the repeatability of a laboratory shpll be
considlered as acceptable if the absolute difference (A — B) of two measurements A and B
satisfies the following equation:

r=(A—-B)<kx(A+B)/2

which| means that the repeatability of the laboratory, at 95 %"“cenfidence limit, is lower than &
times|the mean concentration of the gas analysed. The k coefficient depends on the nature of
the ggs analysed.

k=0,015 for concentrations > 10 ul/l and <1 000 pl/, and k=0,10 for

A gejeral acceptable value, calculated from an<international IEC inter-laboratory tgst is:
concentrations > 1 000 pl/I.

For low gas concentrations (e.g. < 10 pl/B;3the required repeatability can be of the same|order
of mapnitude of the detection limit S.

It is recommended that each laboratory checks its own individual repeatability atl both
concentration levels at appropriate time intervals or after major changes on its system (gas
extragtor and gas chromatograph). To do that, a sufficient number of analyses on multiple
samples of the same oil ‘are run within a short period of time (less than one day), thgn the
repeatability of resultsg~is determined according to ISO 5725-1.

10.3.3 Reproducibility

Reprgducibility_is related to the differences which are observed when the same oil sample is
analysed by-different laboratories (inter-laboratory reproducibility), or when it is analysed by
the sameé ‘faboratory over long periods of time (after several days, weeks or months) (intra-
laboratory reproducibility)

Inter-laboratory reproducibility has been evaluated by CIGRE as around +20 % at medium
concentration levels.

It is recommended that each laboratory checks its own intra-laboratory reproducibility at
different concentration levels at appropriate time intervals or after major changes on its system
(gas extractor and gas chromatograph). To do that, analyse multiple samples of the same oil at
regular intervals of time, for instance each week or each month over a period of several months,
then determine the reproducibility of results R according to ISO 5725-1.

A good conservation of the samples is necessary between analyses. Storing the samples in a
refrigerator is recommended to avoid reactions with light and oxygen present in the oil.
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10.3.4 Accuracy

Accuracy is related to the differences that are observed between the values analysed by a
laboratory and the true values of dissolved gases contained in the oil sample.

Inaccurate DGA results can lead to wrong fault diagnoses, especially if gas ratios are close to
a fault zone boundary, or to inappropriate actions on the equipment, if concentration values are
close to the typical or alarm values defined in IEC 60599.

To be able to determine accuracy, the nominal values of dissolved gas concentrations have to
be known. The mean of several measured values has been shown by inter-laboratory tests to
be differentfromthemomimatvatves—Betermimatiomrof accuracystattbecarriedout-with gas-
in-oil ptandards prepared according to Clause 7, or through participation to round robin tests
using|such standards, or with certified gas-in-oil standards prepared according to }SO 5725-1.

Examples of accuracies that can be obtained using the overall experimental| procedufe are
given|in Table 6. These values are deduced from IEC and CIGRE inter-laboratory tests |made
on tw@ gas-in-oil standards (prepared according to 7.2) and involving 44 |ahoratories worldwide.
One standard sample contained medium gas concentration levels (hydrocarbons betweern| 9 pl/I
and 60 pl/l, CO and CO, between 100 pl/l and 500 pl/l). The other)one contained loyw gas

concegntration levels (hydrocarbons between 1 pl/l and 10 pl/l, CQ~and CO, between 30 p|/I and
100 pi|/l).

It is recommended that each laboratory determines its own accuracy, which can differ frgm the
value$ in Table 6. To do that, analyse a gas-in-ojl\standard according to Clause 7] then
determine the accuracy according to ISO 5725-1.

Table 6 — Examples of accuracy of extraction methods

Accuracy, in percentage of the nominal value
Extraction procedure Meéedium concentration Low concentration

Toepler 13 35

Partigl degassing 13 30
Stripding 18 23
Heads$pace 18 37
Mercyry-free Toepler 152 142
Mercyry-free partial_degassing 112

Shakg test 15 44

a8 Bagsed orfa‘limited number of analyses.

The preparation of oil standards saturated with air is described in Annex C.
The procedure for comparing gas monitor readings to laboratory results is described in Annex E.

11 Report of results

The report for DGA shall include

— areference to this document;

— information on the gas or oil sample (see Clause 5 of this document or IEC 60475:2022,
4.4, respectively);

— the sampling procedure used (e.g. syringe, bottle) (see Clause 4 of this document and
IEC 60475:2022, Clause 4, respectively);

e the extraction procedure used (e.g. Toepler, headspace) (see Clause 8 and Annex B);
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o for headspace analysis, reference for the Ostwald coefficients used in case of calibration
with gas standards (see 8.5.4.3);

— the detection limits for each gas with the analysis procedure used (see 10.2);

— for each gas analysed, the results in yl/l or in ymol/l (see 9.7).

NOTE 1 When available, it can be useful for diagnosis purposes to indicate the average accuracies obtained by the
laboratory at these gas levels with the analysis procedure used (see 10.3.4).

NOTE 2 Guidelines for drafting the report in terms of quality assurance can be found in ISO/IEC 17025.
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Annex A
(informative)

Correction for incomplete gas extraction
in partial degassing method by calculation

From the chromatogram, the sample oil volume, the calculated total volume of gas extracted
and the volume of the aliquot of gas passed into the chromatograph, determine the apparent
volume concentration C; of each component gas extracted from the oil.

Calculate the equilibrium extraction efficiency for each component gas from

Ei = 1/(1 + aiVoth)

i the extraction efficiency for component i;

Vy i the volume of the oil sample, in ml;

Examples of solubility coefficients for typical mineral oils @f 2006 are shown in Table A.1. \

the total expansion volume, in ml (see 8.3.3);

the Ostwald solubility coefficient of component i.

alues

in mofe recent types of oils can differ significantly.
Table A.1 — Examples of solubility coefficients 4; (at 25 °C) reported
by CIGRE TF D1.01.15 in 2006
Gas Mineral oils Natural esters Synthetic esters Silicone dils
Hydrdgen 0,055 6 0,047 0 0,051 0 0,092 4
Nitroden 0,090 7 0,072 8 0,087 2 0,157
Carbdn monoxide 0,132 0,111 0,127 0,204
Oxygén 0,172 0,134 0,152 0,266
Methgne 0,429 0,341 0,381 0,569
Carbdn dioxide 1,09 1,54 2,05 1,63
Acetylene 1,24 2,68 4,38 2,04
Ethylgne 1,84 1,69 1,87 2,18
Ethane 2,82 2,16 2,19 3,10

The data given in Table A.1 represent mean values obtained by bubbling the pure gases in
some of the current types of transformer oils. The actual data on specific types of oils can differ
a little from these figures.

Calculate the corrected volume concentration of each gas in the oil from:

C; (corrected) = C; (apparent)/E;

NOTE 1 Solubility coefficients are functions of temperature and of oil density.

NOTE 2 Instead of correcting for incomplete gas extraction by calculation, calibration of the partial degassing
method with several gas-in-oil standards at different concentration levels can be used.
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Annex B
(informative)

Alternative gas extraction methods

Mercury-free versions of the vacuum extraction methods

Mercury-free version of the Toepler method

2023

In the equipment used in the mercury-free version of the Toepler method, mechanical pistons

are ug
A typi

B.1.2

B.1.2
mech
recont

A typi
The p

B.1.2
sinter

B.1.2

B.1.2
of 50(

B.1.2

to travlnsfer the compressed gas to the transfer line of the GC. The low pressure injection

is con
injecti

The tdg

Corre

cal schematic representation of this equipment is indicated in Figure B.1.

Mercury-free version of the partial degassing method

1 In the equipment used in the mercury-free version of the partial degassing m¢
hnical pistons are used instead of the mercury piston to extract\the dissolved gase
press them.

cal schematic representation of this equipment is indicated’in Figure B.2.
rocedure used is the following.

2 Rinse with the analysed oil by opening walve 2 under vacuum through the b
ed filter. Then drain the rinsing oil through valve 11.

3 Evacuate the whole apparatus with the vacuum pump during 15 min.

4 Slowly suck the oil sample over the sintered filter by opening valve 2, until a prg
Pa to 600 Pa is reached.

5 Open valve 8 to push the mechanical piston up to a pressure of 18 kPa. Open v

nected to a vacuum:-pump to allow further pressure reduction to a defined value, at
on in the GC takes'place.

tal gas centent is calculated according to gas laws.

Ctionfor incomplete gas extraction should be made as indicated in Annex A.

ed instead of the mercury piston to extract the dissolved gases and recompress them.

ethod,
s and

uilt-in

ssure

alve 9
valve
which

B.2

B.2.1

Syringe versions of the headspace method

Shake test method

In this version, an oil sample (90 ml) is introduced in a 100 ml precision glass syringe rather
than in a glass vial. 10 ml of air are then introduced in the syringe. The syringe is shaken
vigorously by hand to extract the dissolved gases. Equilibrium is reached in less than 2 min
because of the high shaking efficiency. An aliquot of the extracted gases is then injected in a
portable chromatograph for on-site analysis, or in a standard laboratory chromatograph. A

typica

| schematic representation of this equipment is indicated in Figure B.3.


https://iecnorm.com/api/?name=ed61fe0e3bea5b79e3caa2830228a584

Key

Oi
oi
g3
pi
g3

0 NOoO oA WON -~

Oi

IEC 60567:2023 © |IEC 2023 - 55 -
2
10 —>9
|
™6
e
3/
4
5 11 1 8
IEC IEC
Key
cuum pump 1 vacuum pump
inlet 2 oilinlet
sample 3 gas extraction chamber (glass)
s extraction chamber 4 oil sample
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11 oil purge
ire B.1 — Schematic representation'of Figure B.2 — Schematic representatign of

Fig

mercury-free Toepler method

/

mercury-free partial degassing method

|/

’j /
LLLLLE |

Key
1
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5
6
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ston
I/air inlet
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to GC injection loop and detectors
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Figure B.3 — Schematic representation of shake test method
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B.2.2 Mechanical oscillation method

The mechanical oscillation degassing method uses a piston syringe whose volume can be
adjusted according to the ambient atmospheric pressure. It simplifies the operation steps of
filling the sample bottle with carrier gas in advance when using vials to prepare the oil sample
bottle for oil analysis. Since both sample degassing and sample gas transfer are carried out at
atmospheric pressure, no additional monitoring and correction of the pressure in the degassing
container is necessary.

A typical schematic representation of this equipment is shown in Figure B.4 a) and
Figure B.4 b). Figure B.4 a) is applied to the scene where manual sample gas transfer is

requirwmwwm for
sample gas transfer and analysis.

IEC IEC

a) Manual gas transfer(mode b) Automatic gas transfer mode
Key
1 precision syringe

oi|l sample

ggs phase (Ar or N,)
bber cap

mpvable core“of syringe

oqdcillation direction

N o o b w N
=
C

odcillating sample disc

Figure B.4 — Schematic representations of mechanical oscillation method
Examples of accuracies that can be obtained using these methods are given in Table 6.

These values are deduced from inter-laboratory tests made in 2006 on two gas-in-oil standards
prepared as in 10.3 and involving 10 laboratories worldwide (two for the mercury-free Toepler
method, one for the mercury-free partial degassing method, and seven for the shake test).
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Preparation of air-saturated standards

— 57—

Annex C

(informative)

Keep a batch of new transformer mineral or non-mineral oil in an open container at room
temperature for at least one week. Measure the oxygen and nitrogen content in the oil, using

any one of the gas extraction methods, then the air content of the oil at saturation.

The gas extraction equipment is checked with this air-saturated oil standard (see 10.1) and

founwmmmwmm
this tylpe of oil, with a standard deviation of 3 %.

The ¢

The splubility of air in oil at saturation depends on the atmospheric préssure and tempe
and on the type of oil used. Examples of solubility values of air forydifferent types of o
reporfed by CIGRE TF D1.01.15 in 2006, are indicated in Table C.1.

Exam
as rejf

Table C.1 — Examples of solubility values of air,for different oil types

as extractor and the gas chromatograph are checked by the retention~time
concgntrations of O,, N, and CO, in this air-saturated oil standard. All three |[r&tention

should be in accordance with those obtained with gas standard mixtures.

Fluid Density at Ml at 20 °C
20 °C
o, N, co, Air
Mineral oil 1 0,851 8 29 980 65 320 569 95 869
Mineral oil 2 0,888 2 32,080 61780 537 94 397
Natural ester 1 0,921 0 21 995 49 613 647 72 255
Natural ester 2 0,915 8 24 507 50 177 625 75 309
Synthetic ester 0,919,7 21 705 45 269 555 67 529
Silicone oil 0,964 5 54 938 113 078 763 168 779

Table C.2 — Examples of temperature variations for oxygen
and nitrogen solubility in mineral oil

-

O

AL

ed for

5 and
times

rature
Is, as

bles of variatiofisywith temperature of the solubility of oxygen and nitrogen in a mingral oil
orted by CIGRE TF D1.01.15 are given in Table C.2.

+
Femperature

5 N>
°C

13 32 937 62 798
21,5 32750 63728
25 32 483 64 061
50 31 465 66 141
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Annex D
(informative)

Correction for gas bubbles in syringes and air gap in rigid bottles

It has been found by CIGRE TF D1.01.15 that gas bubbles are observed in oil in about 20 % of
syringes on average (this value can be lower or higher depending on the experience of
samplers).

When using the Toepler, partial degassing and stripping methods, the bubble is introduced into
the e i 2-3 ; ; foTT ; i
the hgadspace method, the bubble should not be introduced in the vial, and a correction
gaseq having migrated into the bubble should be made as indicated in 9.7.

In glags or rigid metal bottles, the air gap volume used as an oil expansion device is aboyt 2 ml
to 5 nl depending on the size of the bottle (1 I or 2 I). A correction for the gases-having migrated
into the air gap should also be made as indicated in 9.7.

The fgllowing equation can be used for that purpose, for each gas measured:

CC = Cm (1 + VG / (kVL + VG))

Cc ig the corrected concentration, in pl/l;

Cy, i9the measured concentration, in pl/l;

Vg i9 the volume of bubble in the syringe, orlvolume of air gap in the glass bottle, in ml,
V. i the volume of oil in the syringe orglass bottle, in ml;

k ig the Ostwald (solubility) coefficient.

NOTE | In general, the corrections (10 % to 5 %) are significant only for the less soluble gases (H,, CO).
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Annex E
(informative)

Procedure for comparing gas monitor readings to laboratory results

Gas monitors (installed on-line on electrical equipment in service or used as portable
instruments) are increasingly used in industry. In some cases, monitors readings do not quite
agree with laboratory results for the same equipment, and it is not possible to know for sure
which is right, monitors readings or laboratory results.

1 (see

The fL “UVV;IIB pluucdwc ildb ILJU!::II UICVUiUpUUI llJ_y CiGRE TF AIS tU llldi'\b' bubil dll UVdiUdtiU
CIGRE TB 409).
— PdJrchase a sample of gas-in-oil standard from an appropriate vendor, or preparg one

adcording to IEC 60567 (this document) or ASTM D3612.

A

- T3
- T4

af

- Fa

of

er having taken the reading.

the five samples, take a reading of the portable monitor.

— S@nd all the above samples of oil to the DGA laboratory.

— Analyse all samples on the same day (or over no more than a few days), using the
analytical equipment for all samples.

— Convert all DGA results and monitor readings texthe same units (IEC or STP pl/l).

- C4

sample to what was actually prepared.

— Carrect all other DGA laboratory resultsiusing the bias calculated above.

— Cg4lculate the average values (4) of'each set of four duplicate samples, in pl/I.

ividual four samples and, average values (4), and express it as a percentage.

ke a reading on one or several on-line gas monitors installed on transformers in service.
ke four duplicate samples of oil from the sampling point of the monitor(s), immediately

r portable gas monitors, take five duplicate samples of oil from’a transformer. Using one

same

Iculate the bias of the laboratory by comparing its results for the gas-in-oil stajpndard

Iculate the repeatability (R) ofilaboratory results as the difference between results for the

, and

— THe maximum accuracy of the gas monitor as measured by the laboratory is (D — R 42), in

- la

— av

Y ] pir, M7, Hi7, YN
erage value (4) = 256 ul/l, repeatability (R) = 9 %;

— monitor reading = 300 pl/l, difference (D) = +17 %;

— maximum accuracy of gas monitor = (17 - 9 — 2) = +6 %.
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Annex F
(normative)

2023

Insulating liquids based on synthetic and natural esters and silicones

The general methods used for mineral oils in Clause 6 to Clause 11 apply to insulating liquids
based on synthetic and natural esters and silicones (thereafter called "liquids"), with the

follow

ing differences:

— in 8.2 (Toepler pump method), and 8.3 (partial degassing method), exposure to vacuum is

up

to 10 min for the liquids., depending on their viscosity, as compared to 3 min for

ineral

oil
is
or
— in
(9
th

esfter liquid, the amounts of moisture in the ester liquid and of watér vapour extracteq

th

— in
VO
frq

In the
water

C{

W

calculated as Vy = (V,

s. Calculation of the correction for incomplete extraction of the partial degassing 'm
indicated in Annex A, using the Ostwald coefficients of the liquids indicated in.Tabl
more precise values if available.

s + water vapour) Vaw extracted from mineral oil and the liquids is measured dire
b burette. With mineral oil, the amount of water vapour extracted 7,;is-negligible. W

e ester liquid V,, are large and calculated. The actual total volume of gas V can th
v,

gw w)'
Annex B (mercury-free partial degassing method, deseribed in Figure B.2), thg
lume of (gas + water vapour) Vg, extracted from the ester liquid can be deduced ind

m the increase in pressure in the vacuum vessel:

above vacuum methods, in the case of ester liquids with large amounts of diss
values of ¥, Vg, and Vg are calculated as follows:

lculation of the volume of (water vapour) 7,, extracted from the ester liquid:
v is the volume of ester liquiddntroduced, in ml;
d is the density of ester liquid;

Wy is the mass of water in the ester liquid before being subjected to va
measured by KF-or another device, in ppm (W x 107% in g/g);

W,  is the mass of water in the ester liquid after being subjected to vacuum, mea
by KF or @nother device, in ppm (W, x 107% in g/g);

m is thé. mass of water vapour extracted from the ester liquid by vacu
(W1 = W2)1O_6 Vd, in g

S

Calculation of the volume of (gas + water vapour) V,

us

hter vapour and individual gases extracted from the ester liquid can also be meg

ethod
e A1,

8.2.3 k) (Toepler pump method), and 8.3 (partial degassing method), the)tetal volume of

ctly in
ith an

from
en be

total
rectly

olved

cuum,

sured

sured

r[ultaneously with the HID detector described in 9.3.4.

v

w is the volume of water vapour extracted from the ester liquid = n,, x 22 400,

gw

ing gas law PV = nRT, where:
P is the pressure increase in the pressure gauge, in mbar (1 mbar = 101 kPa
to the (gas + water vapour) extracted;
Vv is the volume of the vacuum chamber with ester liquid, in ml = (V' = V5);
V4 is the volume of the vacuum chamber without ester liquid, in ml;

V5,  is the volume of ester liquid introduced in the vacuum chamber, in ml;

R is a gas constant = 83 144, in mbar, ml;
T is the temperature in K;

8;

in ml.

extracted from the ester liquid,

), due
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is the number of moles of (gas + water vapour) extracted =

n ngw

(P (V4 = V) I RT);
Vaw is the volume of (gas + water vapour) extracted = Ngw % 22 400, in ml;
Vg  is the volume of gas extracted = (V,, — V), in ml.

— in 8.5.4 (headspace method), calibration of the headspace extractor with gas-in-oil
standards (GIOS) or gas-in-liquid standards (GILS) is the preferred method of calibration
recommended for both mineral oils and the liquids. Calibration with gas standards, although
not forbidden, is not recommended. The same recommendation is made in CIGRE TB 783-

2019.

Each |aboratory should preferably calculate its own calibration curves and partition coeffigients,
using|GIOS or GILS. Home-made GIOS or GILS prepared in accordance with 7.3,.and NIST-
tracegble commercial GIOS or GILS prepared by weight, both qualify as analyticalychemistry
standgrds.

They ghould be prepared in the same type of oil or liquid as the unknown oil’or liquid sgmple,
and they should contain similar amounts of air or nitrogen (near ,Saturation or at partial
saturgtion), similar individual gas concentrations (low or high), and similar moisture contgnts in
the cdse of ester liquids.
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Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation*con
I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'lEC-a pou
avoriser la coopération internationale pour toutes les questions de normalisation dans les do
'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des Normes internati
Spécifications techniques, des Rapports techniques, des Spécifications accessiblés~au public (H
Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a'des comités d'
travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organi
rnationales, gouvernementales et non gouvernementales, en liaison aveeM'IEC, participent ég3
travaux. L'IEC collabore étroitement avec I'Organisation Internationale;.de’ Normalisation (ISO)
conditions fixées par accord entre les deux organisations.

décisions ou accords officiels de I'lEC concernant les questions teéhhiques représentent, dans la
bossible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux d|
ressés sont représentés dans chaque comité d'études.

Publications de I'lEC se présentent sous la forme de recemmandations internationales et sont 4
me telles par les Comités nationaux de I'lEC. Tous lesefforts raisonnables sont entrepris afin qu
sure de l'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue respg
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bpendants.
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qu'un ou plusieurs brevets pouvaient étre nécessaires a sa mise en application. Toutefois, il y a lieu d'avertir
les responsables de la mise en application du présent document que des informations plus récentes
sont susceptibles de figurer dans la base de données de brevets, disponible a I'adresse https://patents.iec.ch.
L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brevets.

L'IlEC 60567 a été établie par le comité d'études 10 de I'lEC: Fluides pour applications
électrotechniques. Il s'agit d'une Norme internationale.

Cette cinquiéme édition annule et remplace la quatrieme édition parue en 2011. Cette édition
constitue une révision technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition

précédente:

a) une nouvelle Annexe F normative concernant lI'analyse AGD des liquides isolants autres
que les huiles minérales (esters et silicones) a été ajoutée;

b) les Articles 4 a 11 et les Annexe A a Annexe E informatives restent consacrés aux huiles
minérales;

c) deux nouvelles méthodes d'extraction de gaz sans mercure sont décrites a I'"Annexe B

(extraction sous vide a basse pression et oscillation mécanique).

Le texte de cette Norme internationale est issu des documents suivants:
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INTRODUCTION

Les processus naturels de vieillissement dans les matériels électriques immergés dans I'huile
forment des gaz, mais il peut s'en produire beaucoup plus en cas de défauts.

Le fonctionnement en présence de défauts peut sérieusement endommager les matériels, et
il est important de pouvoir détecter ces défauts au tout début de leur apparition.

Si ces défauts ne sont pas importants, les gaz formés se dissolvent normalement dans I'huile
et diffusent éventuellement, dans une faible proportion, du liquide dans toute la phase gazeuse
au-de o . . X . o f . ol

la détermination de leur teneur et de leur composition sont des moyens de détecter\d
défauls. Le type et la sévérité de tout type de défaut peuvent alors souvent étre déduits a|partir
de la fomposition des gaz et de leur vitesse de formation.

Dans|le cas de défauts suffisamment importants, les gaz libres traversent I'hujle et
sont recueillis au relais de protection (Buchholz), le cas échéant; en cas de nécessité, cgs gaz
peuvgnt étre analysés pour déterminer le type de défaut qui les a créés.' Au fur et a mesure
du déplacement des bulles dans I'huile vers le relais de protection;\la composition dejs gaz
dans ¢es bulles varie.

Cela peut étre utilisé a bon escient, puisque les informations concernant la vitesse de formation
des gpz peuvent souvent étre déduites en comparant la canposition des gaz libres recueillis
a la cpncentration des gaz qui restent dissous dans le ligquide.

L'intefprétation de I'analyse des gaz fait I'objet de FIEC 60599.

A toug les stades de la vie des matériels immergés dans I'huile, ces techniques sont préciquses.
Lors fles essais de réception des transformateurs en usine, la comparaison des analyses
de gag dissous dans I'huile avant, pendant et aprés un essai d'échauffement peut révéler
la prégence de points chauds; de méme, aprés les essais électriques, les analyses pguvent
fournif des informations complémentaires concernant la présence de décharges partielles ou
disrugtives. Lors du fonctionnement sur site, des prélevements périodiques d'échantillons
d'huil¢, pour I'analyse des teneufs en gaz, servent a surveiller I'état des transformateprs et
autreg matériels immergés dans I'huile.

L'importance de ces techiniques a conduit a I'établissement du présent document, qui glonne
les mpdes opératoires)utilisés pour I'échantillonnage des gaz et de I'huile contenant dgs gaz
dans les matériels_électriques immergés dans I'huile, pour les analyses ultérieures.

NOTE | Les méthodes décrites dans le présent document s'appliquent aux huiles isolantes, car I'expdrience,
a ce jour, a presque entierement été obtenue sur de telles huiles. Ces méthodes peuvent également étre appliquées
a d'autfes/diquides isolants, sous réserves de modifications éventuelles.

Précatuti ; i ; uri Vi

AVERTISSEMENT - Le présent document ne prétend pas couvrir tous les problemes
de sécurité liés a son utilisation. Il incombe a [l'utilisateur du présent document d'établir,
avant de l'utiliser, des pratiques d'hygiéne et de sécurité appropriées et de déterminer
I'applicabilité des restrictions réglementaires.

Il convient de manipuler les huiles isolantes dont traite le présent document en respectant
I'hygieéne personnelle. Un contact direct avec les yeux peut provoquer une irritation. En cas
de contact oculaire, il convient d'effectuer un lavage avec une grande quantité d'eau courante
propre et de consulter un médecin. Certains des essais spécifiés dans le présent document
impliquent I'emploi de procédés qui peuvent conduire a une situation dangereuse.
Les recommandations des normes correspondantes sont prises en compte.
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Le mercure présente un risque pour lI'environnement et pour la santé. Il convient de nettoyer et
d'éliminer immédiatement tout déversement de facon appropriée. Des exigences
réglementaires concernant |'utilisation et la manipulation du mercure peuvent s'appliquer.
Des méthodes qui n'utilisent pas de mercure peuvent étre exigées dans certains pays.

Environnement

AVERTISSEMENT - Le présent document s'applique aux huiles isolantes, aux produits
chimiques et aux récipients d'échantillons usagés.

L'attention est attirée sur le fait que, au moment de la rédaction du présent document,
de nombreuses huiles isolantes en service sont connues pour étre contanminées
dans line certaine mesure par des polychlorobiphényles (PCB). Si tel est le cas,_il\convient
de preéndre des contre-mesures de sécurité afin d'éviter les risques pour les travai'!leurs,
le puljlic et I'environnement au cours de la durée de vie du matériel, 7'en confrélant
rigoureusement les débordements et les émissions. L'élimination ou la~décontamination
de cep huiles peut étre soumise a des exigences réglementaires. |l conyient de prendre
touteq les précautions afin d'empécher le déversement de tout Aype d'huile isplante
dans ['environnement, y compris celles qui sont partiellement biodégradables dans le temps.
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MATERIELS ELECTRIQUES IMMERGES -
ECHANTILLONNAGE DE GAZ LIBRES ET ANALYSE
DES GAZ LIBRES ET DISSOUS DANS LES HUILES MINERALES
ET D'AUTRES LIQUIDES ISOLANTS - RECOMMANDATIONS

1 Domaine d'application

Le présent document traite des techniques d'echantillonnage de gaz libres au niveau des|relais
de proptection des transformateurs de puissance. Trois méthodes d'échantillonnage\des gaz
libres|sont décrites.

Les fechniques d'échantillonnage de I'huile dans les matériels immerges’ dans lIlhuile,
tels que les transformateurs de puissance et de mesure, les bobines d'inductgnces,
les trgversées de transformateurs, les cables a huile fluide et les condensateurs de puisgance
ne sont plus couverts par le présent document, mais sétrouvent dorénavant
dans ['IEC 60475:2022, 4.2.

Avant| d'analyser les gaz dissous dans I'huile, ils sont en-ptemier lieu extraits de llhuile.
Trois méthodes de base sont décrites, I'une utilisant I'extraction sous vide (Toepler et dégazage
partie|]), une autre par déplacement des gaz dissous par barbotage d'un gaz vécteur
dans |'échantillon d'huile (entrainement) et la derniére<par partition des gaz entre I'échantillon
d'huil¢ et un faible volume du gaz vecteur (espace de téte). Aprés extraction, l'analyse
quant|tative des gaz s'effectue par chromatographieéen phase gazeuse; une méthode d'analyse
est dgcrite. Les gaz libres prélevés au niveau des relais de protection sont analysés
sans {raitement préalable.

La mdthode préférentielle pour assurer:léZfonctionnement des matériels d'extraction des gaz et
d'analyse, étudiés ensemble comme' un seul et méme systéme, consiste a extraire
les gqz d'échantillons d'huile préparés au laboratoire qui contiennent des concentrations
en gag connues ("étalons de gaz'dissous dans I'huile") et qui sont analysés quantitativement.
Deux méthodes sont décrites-pour I'obtention d'étalons de gaz dissous dans I'huile.

Lors de vérifications quotidiennes de I'étalonnage du chromatographe, il est commode d'dtiliser
un me¢lange de gaz, étalons dont les teneurs en chacun des composants sont connyes et
appropriées, et dans-un rapport similaire aux teneurs habituelles des gaz extraits des huiles
des transformatefirs:

Les tdchniques décrites tiennent compte, d'une part, des problémes spécifiques a I'analyse liés
aux gssais’de réception en usine, pour lesquels les teneurs en gaz sont généralement
tres faibles, et, d'autre part, des problémes rencontrés dans la surveillance du mateériel sur site,
le transport des échantillons pouvant se Tfaire par fret aérien non pressurisé et des différences
importantes de températures pouvant exister entre le site de prélévement et le laboratoire
d'analyse.

2 Références normatives

Les documents suivants sont cités dans le texte de sorte qu'ils constituent, pour tout ou partie
de leur contenu, des exigences du présent document. Pour les références datées, seule
I'édition citée s'applique. Pour les références non datées, la derniére édition du document
de référence s'applique (y compris les éventuels amendements).

IEC 60296, Fluides pour applications électrotechniques — Huiles minérales isolantes
pour matériel électrique
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IEC 60475:2022, Méthode d'échantillonnage des liquides isolants

ISO 5725-1, Exactitude (justesse et fidélité) des résultats et méthodes de mesure —
Partie 1: Principes généraux et définitions

3 Termes, définitions, symboles et abréviations

3.1 Termes et définitions

Aucun terme n'est défini dans le présent document.

L'ISO|et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en nofmalisation, consultables aux adresses suivantes:

e |ELC Electropedia: disponible a I'adresse https://www.electropedia.org/

e ISP Online browsing platform: disponible a I'adresse https://www.iso.qrg/ebp
3.2 |Symboles et abréviations

3.21 Symboles

Les symboles utilisés en 8.5.2 sont les suivants:

Vv volume total du flacon;

Vg volume de la phase gazeuse dans le flacon;

Ve volume de la phase d'huile dans le flacon;

Cg concentration de gaz (i) dans la phase gazeuse du flacon, obtenue par chromatogfaphie
en phase gazeuse (GC, Gas Chromatography);

CE* concentration de gaz (i) dans I'échantillon d'huile, obtenue directement & partir de Cg,
en utilisant des courbes d'étalonnage avec des étalons de gaz dissous dans I'huilg;

P,t | pression atmosphérique. et;température au moment ou I'échantillon d'huile a été analysé
(P en kPa; t en °C);

Pg, ts | pression atmosphgrique et température au moment ou I'étalon de gaz dissous
dans I'huile, oud'étalon de gaz, a été analysé (P4 en kPa; ¢ en °C);
K coefficient de partage du gaz (i), pour le calcul de Cf_) en utilisant des étalons de|gaz;

CE concentration de gaz (i) dans I'échantillon d'huile.

3.2.2 Abréviations

AGD analyse-desgaz-eisseus

FID (Flame lonization Detector) détecteur a ionisation de flamme

GC (Gas Chromatography) chromatographie en phase gazeuse

GILS (Gas-In-Liquid Standards) étalons de gaz dissous dans les liquides

GIOS (Gas-In-Qil Standards) étalons de gaz dissous dans I'huile

HID (Helium lonization Detector) détecteur a ionisation d'hélium

Dl diamétre intérieur

NIST National Institute of Standards and Technology
DE diameétre extérieur

OLTC (On-Load Tap-Changer) changeur de prises en charge

PLOT (Porous Large Open Tubular) tubulaires, ouvertes, de grande taille et poreuses
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PTFE polytétrafluoroéthyléne
TCD (Thermal Conductivity Detector) détecteur a conductibilité thermique

4 Echantillonnage des gaz aux relais de protection

4.1 Remarques générales

Il estimportant de garder a I'esprit que le fait de recevoir un échantillon qualitatif et représentatif
est crucial pour obtenir un diagnostic fiable du matériel électrique. Méme les méthodes
d'extraction ou de diagnostic les plus sophistiquées ne peuvent pas rattraper
un échantillonnage défectueux.

Il conyient de prélever sur le matériel les échantillons de gaz accumulés au niveausdes relais,
dans le plus bref délai aprés le signalement de I'accumulation. Des variations de la\compgsition
des gz, dues a la réabsorption sélective des composants, peuvent se produire-silles gaz|libres
restent en contact avec I'huile.

Il est nécessaire de prendre certaines précautions lors du prélévement.des gaz. La liaison|entre
le dispositif de prélévement et le récipient d'échantillonnage doit(éviter toute entrée|d'air.
Il conyient que les raccordements provisoires soient aussi courts gue’possible. Il convientlaussi
que I'lmperméabilité aux gaz de tous les tuyaux en plastique ou‘en caoutchouc utilisés ait été
vérifide.

Les é¢hantillons de gaz doivent étre convenablement étiquetés (voir Article 5) et étre analysés
dans |es plus brefs délais pour réduire le plus possibleMes pertes d'hydrogéne de la seffingue
utiliséle pour I'échantillonnage du gaz (délai maximal d'une semaine, par exemple).

S'il y|a de l'oxygéne, il peut réagir avec I'huilé échantillonnée. Cette réaction est reffardée
en enjpéchant I'action de la lumiére sur I'échantillon, par exemple en enveloppant le régipient
de prglévement avec une feuille d'aluminitm ou tout autre matériau opaque.

Des tfois méthodes décrites en 4.2;'en 4.3 et en 4.4, la méthode de prélevement en sefingue
est recommandée. Les deux autres-méthodes sont des alternatives a utiliser seulement gn cas
de prgbléme sérieux.

L'échantillonnage en ampgule de prélevement par déplacement de liquide, en utilisant de |'huile
pour fransformateurs_comme liquide de transfert, est simple, mais il exige de tenir compte
des différences de solubilité des composants gazeux, si la quantité de gaz recueillie esft telle
qu'il reste de I'huileydans le tube.

La méthodexd'échantillonnage sous vide demande une certaine maitrise pour [éviter
que lgs fuites du systéme contaminent I'échantillon. Cela est particulierement vrai dans Igs cas
ou le|gazra échantillonner peut étre a une pression inférieure a la pression atmosphg¢rique
(cas e ransiormateurs nerimetques, pal exelrple).

4.2 Echantillonnage de gaz libres en seringue

4.21 Matériel de prélévement

NOTE Les nombres entre parenthéses se référent aux nombres encerclés sur la figure en question.
Voir Figure 1. Le matériel doit consister en ce qui suit:

a) un tuyau en caoutchouc ou en plastique, imperméable aux gaz et résistant a I'huile (3),
équipé d'un raccord adaptable sur la prise d'échantillonnage appropriee du relais
de protection. Afin d'éviter la contamination croisée, il convient de n'utiliser le tuyau
qu'une seule fois;
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b) des seringues étanches aux gaz, de volume adéquat (1) (25 ml a 250 ml). Des seringues
en verre, du type médical ou vétérinaire, avec des pistons en verre dépoli, peuvent étre
appropriées; sinon des seringues avec joints étanches a I'huile peuvent étre utilisées.
Il convient d'obturer les seringues par un embout ou un robinet adapté. Il est souvent
commode d'utiliser les mémes seringues a la fois pour I'échantillonnage du gaz et de I'huile
(voir I''EC 60475:2022, 4.2.2).

L'étanchéité au gaz d'une seringue en verre utilisée pour I'échantillonnage du gaz peut étre
vérifiée en conservant, pendant deux semaines au moins, un échantillon d'huile qui contient
une quantité mesurable d'hydrogéne et en analysant I'hydrogéne sur des parties aliquotes,
au début et a la fin de cette période. Une seringue est considérée comme acceptable

q isent des joints plastiques. L'amélioration de I'étanchéité au gaz peut étre~abtenue
en utilisant un lubrifiant tel qu'une graisse légere ou de I'huile pour transformateurs.

Une bonne pratique consiste a soumettre aux essais l'intégrité des seringuesiet du systéme
dgd soupape avant I'échantillonnage. Un mode opératoire recommandé est |décrit
dgns I'lEC 60475:2022, Annexe B;

c) il |convient de réaliser des mallettes d'expédition de fagon a(-maintenir ferm¢ment
les seringues durant le transport, tout en permettant au piston de-se déplacer librement, et
enl empéchant que son extrémité ne soit en contact avec la-mallette, quelle qug soit
sg position au cours du transport.

5 D D

A B

Position de la vanne (4)

\ e VA TTTTTTT

IEC

Légendge

1 seringue

robinet

raccord en caoutchouc

vanne a trois voies

vanne d'échantillonnage du matériel

vanne du relais de protection

N o o b~ wWwN

récipient de vidange

Figure 1 — Echantillonnage de gaz en seringue


https://iecnorm.com/api/?name=ed61fe0e3bea5b79e3caa2830228a584

IEC 60567:2023 © IEC 2023 - 75—

4.2.2 Mode de préléevement

Le dispositif est raccordé comme cela est indiqué a la Figure 1. Il convient
que les raccordements soient aussi courts que possible et soient remplis d'huile au début
du prélévement.

La vanne d'échantillonnage (5) est ouverte. L'échantillonnage a partir du relais de protection
d'un transformateur a conservateur se fait en surpression; mettre alors avec précaution la vanne
a trois voies (4) en position A et laisser couler I'huile du tuyau de raccordement (3) dans le bac
de vidange (7). Quand les gaz atteignent la valve a trois voies (4), tourner ce dernier en position
B pour raccorder la seringue prélubrifiée (1). Ouvrir alors le robinet (2) et, sous lI'effet
de la i i i i i 2 iston.
Apres| avoir prélevé le volume suffisant, fermer le robinet (2) et la vanne d'échantillonnage (5),
puis démonter le dispositif.

Chasger toute I'huile de la seringue en retournant la seringue et en repoussant lentgment
le pisfon.

Etiqueter avec soin I'échantillon (voir Article 5).

4.3 |Echantillonnage des gaz libres par déplacement d'huilé

Cette|méthode n'est fiable que si les gaz a prélever sont a pression égale ou supéfieure
a la pfession atmosphérique. Le dispositif est représenté,a‘la Figure 2.

L'ampoule de prélevement (5), habituellement de volume 100 ml, est de préférence en perre,
afin que l'opérateur puisse voir la quantité d'huilengui reste durant le prélévement desg gaz.
L'ampoule de préléevement est remplie d'huile provenant du transformateur sur site. Il copvient
que Ip tuyau de raccordement (3), décritcCi‘aprés, soit également rempli d'huile |avant
son emploi.

Adapter I'extrémité libre du tuyau de raccordement (3) a la vanne a gaz d'échantillonnage (2).
La vapne d'échantillonnage et le rebinet d'entrée de I'ampoule de prélévement sont ouverts.
Inclingr I'ampoule de prélevement; de telle sorte que son extrémité fermée soit le plus bas
possilble. Ensuite, ouvrir le robinet de sortie de I'ampoule de prélevement afin de pergxettre

I'écoulement de I'huile dans le’bac de vidange (6), provoquant I'entrainement en premigr lieu
de toute I'huile des tubulures de raccordement entre le relais et la vanne d'échantillo
puis des gaz du relais dans I'ampoule de prélévement.

nage,

Le pre¢lévement est'terminé quand le relais de protection est complétement rempli d'hdile ou
quand presque-toute I'huile de I'ampoule de prélévement s'est écoulée.

puis gnleyer les tuyaux de raccordement.

Fermqr le's deux robinets (4) de I'ampoule de prélévement et la vanne d'échantillonnade (2),
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Figure 2 — Echantillonnage des ‘gaz libres par déplacement d'huile

Echantillonnage sous vide des'gaz libres

positif est raccordé comme:cela est indiqué a la Figure 3. Mettre en route la g

binets (1), (2) et (10) étant ouverts, la vanne a trois voies (4) étant dans la positio

je obtenu est\.considéré comme satisfaisant s'il est inférieur & 100 Pa. Il co
ntroler les fuites du systeme de prélevement en fermant le robinet d'aspiration
bompe et<{eén observant qu'il n'y a pas de variation appréciable du vide o

l€vement soit aussi étanche au vide durant plusieurs semaines.

2023

ompe

(12) pour évacuer les tuyaux de raccordement, le piége et le récipient d'échantillonnage,

h A et

hvient
(10)
btenu.

ne durée-égale a celle nécessaire au prélévement, il convient que la pression n'augmente
pas de plustde 100 Pa. De maniére analogue, il convient que le robinet (1) de I'am

poule

Si le tuyau de raccordement entre la vanne d'échantillonnage du matériel (5) et le relais
de protection est rempli d'huile, mettre la vanne a trois voies (4) en position B. Ouvrir la vanne
d'échantillonnage du matériel (5) avec soin afin de laisser s'écouler I'huile dans le piége (9).
Quand la fin de I'écoulement de I'huile arrive au niveau de la vanne a trois voies (4), placer
celui-ci en position D, pour le vidanger. Remettre alors la vanne (4) en position C.
Le prélevement terminé, fermer le robinet (1) en premier, puis la vanne d'échantillonnage
du matériel (5) et enlever le dispositif de prélévement.

Dans le cas ou le tuyau de raccordement entre le matériel et la vanne d'échantillonnage est vide
d'huile, ne pas appliquer le mode opératoire de vidange de I'huile et placer la vanne a trois
voies (4) dans la position C, aprés avoir évacué le dispositif de prélevement et avoir vérifié
qu'il est étanche aux fuites.
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10 rob|net étanche au vide
12 pompe a vide

28 ampoule de preleévement

Figure 3 — Echantillonnage sous vide des gaz libres

28

4.5 Echantillonnage de I'huile dans les materiels immerges dans ["huile

Voir I'EC 60475:2022, 4.2.

5 Identification des échantillons de gaz

IEC

Les échantillons de gaz doivent étre convenablement étiquetés avant leur envoi au laboratoire.

Les informations indiquées dans le Tableau 1 sont nécessaires (lorsqu'elles sont connues).
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Transformateur

Echantillonnage

Client

Date du prélévement et temps écoulé aprés
I'alarme de gaz

Emplacement

Point d'échantillonnage

Numéro d'identification

Personne qui réalise le prélevement

Fabricant

Raison de l'analyse

Type général (de puissance, de
mesure ou industriel)

Transformateur hors tension, sous tension
hors charge ou en charge

MVA en valeur assignée

Rapport de tension

Type et emplacement du CPC

Date de mise en service

Huile

Type d'huile (minérale ou non
minérale)

Poids (ou volume) d'huile

Nom du produit Date du dernier traitement de-l'huile

Les informations additionnelles ci-aprés sont souhaitables:

— température ambiante, lecture des MVA, du €ourant de charge ou du pourcentage
dg charge, fonctionnement des pompes, mode.de communication du changeur de prises
aviec la cuve de I'appareil, systéme de protectioh de I'huile (conservateur, matelas d'azote,
etg.) et toutes les variations des conditionsZde fonctionnement ou toutes les intervehtions
dg maintenance depuis le dernier prélévément;

— hgure de I'échantillonnage en cas de(prélévement de plusieurs échantillons.

6 Egchantillonnage, étiquetage et transfert de I'huile dans les matériels
mmergés dans I'huile

6.1 Echantillonnage et étiquetage de I'huile

Consliter I''EC 60475:2022, 4.2 a 4.4, pour connaitre le matériel d'échantillonnage, les modes
de prg¢lévement et {étiquetage a utiliser.

6.2 |Transfert'de I'huile pour analyse AGD

6.2.1 Généralités

Pour fransferer de I'ulte de son flacon d echantiffonnage dans [es recipients d extraction de gaz
spécifiés a I'Article 8, il convient d'utiliser les modes opératoires suivants.

6.2.2 Transfert a partir des seringues a huile

Introduire une partie de I'échantillon d'huile de la seringue dans le récipient d'extraction des gaz
en tournant la vanne a trois voies de la seringue en position B, représentée
dans I'lEC 60475:2022, Figure 5.
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6.2.3 Transfert a partir des ampoules

Fixer I'ampoule en position verticale. Installer une vanne a trois voies en plastique entre
le tuyau en plastique inférieur de I'ampoule et un autre élément de ce tuyau pour vidanger
le réceptacle d'huile. Fixer une seringue en verre a la vanne a trois voies en plastique. Ouvrir
le robinet supérieur, puis le robinet inférieur de I'ampoule. Remplir la seringue d'huile selon
les modes opératoires indiqués dans I'lEC 60475:2022, 4.2.2.2. Transférer une partie
de I'échantillon d'huile de la seringue dans le récipient d'extraction des gaz
(voir 6.2.2 ci-dessus).

6.2.4 Transfert a partir de bouteilles métalliques flexibles

Ouvrir le bouchon a vis de la bouteille, introduire une longue aiguille jusqu'au| fond
de la pouteille, fixer une seringue en verre équipée d'une vanne a trois voies a l'aiguillg, puis
préleyer doucement (afin de ne pas créer de bulles de gaz en raison de la pression‘nédative)
un édghantillon d'huile dans la seringue. Détacher la vanne a trois voies deflaiguille] puis
inverder la seringue pour expulser toutes les bulles de gaz présentes dans\ lhuile. Ersuite,
introdpire une partie de I'échantillon d'huile de la seringue dans la chambre d'extraction dgs gaz
(voir $.2.2 ci-dessus). En variante, un élément du tuyau peut étre utilisé ‘pour placer |'huile
directement dans le récipient d'extraction des gaz (Toepler ou dégazage partiel) sous vide.

Il conyient de toujours utiliser le premier échantillon prélevé de,la bouteille pour analyse|AGD.
Il convient de ne prélever aucun autre échantillon pour analyse AGD, une perte dg gaz
signifijcative pouvant se produire dans I'espace de téte de la‘bouteille.

6.2.5 Transfert a partir de bouteilles en verre et-en’ métal rigide

Le mlode opératoire utilisé pour les bouteilles\ métalliques flexibles en 6.2.4 convient
pour les bouteilles en verre et en métal rigide.

7 Préparation d'étalon de gaz dissous dans I'huile

7.1 Remarques générales

Comnpe cela est indiqué a I'Article 1, la méthode préférentielle pour assurer le fonctionngment
du sys$teme d'extraction des gaz et d'analyse dans son ensemble repose sur I'analyse d'huiles
contepant des concentrations connues de gaz (étalons de gaz dissous dans ['huile).

Deux méthodes de préparation de ces étalons de gaz dissous dans I'huile sont décrites ¢n 7.2
et en[7.3, une méthode générale et une méthode simplifiée. L'intérét de la premiére méthode
est dg fournir desvolumes d'huile beaucoup plus importants.

Si deg étadlons de gaz dissous dans I'huile sont disponibles dans le commerce, ils peuvent étre
utilisésy. a.condition qu'ils répondent aux exigences d'assurance de la qualité. S'ils sont fpurnis
dans tes tonditions mormatisees ASTM (0" CJ, s doivent—¢€tre convertis aux conditions |IEC

(20 °C).

7.2 Premiére méthode: préparation d'un grand volume d'étalon de gaz dissous
dans I'huile

7.2.1 Matériel
Un dispositif approprié se compose (voir Figure 4 a), Figure 4 b) et Figure 4 ¢)):

— d'un agitateur magnétique (12);

— d'un réservoir d'huile de 51 (13) a trois sorties latérales, dont deux équipées de robinets
a vide poussé (1) et (2) et la troisiéeme d'un septum en caoutchouc (16);

— d'unréservoirde 6 1(14) équipé d'un robinet a vide poussé (3) et relié a un ballon de sécurité
(15) de 75 ml, monté sur un robinet a vide poussé (4);
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d'un systeme de déplacement a mercure (17) composé de deux ballons en verre
qui contiennent 500 ml de mercure, reliés par un tuyau en caoutchouc flexible résistant
a I'huile, a vide poussé.

Le systéme d'injection de gaz (Figure 4 e), Figure 4 f) et Figure 4 g)) se compose:

d'un jeu de seringues étanches aux gaz de volumes adéquats (18);

d'une vanne a trois voies en plastique de type normalisé (7), modifiée pour réduire le plus
possible les volumes morts, en insérant des bouts de tube en acier inoxydable
(environ 0,4 mm de diamétre intérieur (DI) et 1,5 mm de diamétre extérieur (DE)) dans

les voies et relié a une aiguille d'injection de gaz (10) (environ 10 cm de longueur et 0,25
mmde diameéetre pvférimlr) pour perforer le septum en caoutchouc du récipient 3 huile (16);

dgs bouteilles de gaz comprimé équipées d'un détendeur et d'une vanne (20);

NQTE 1 Des bouteilles de gaz comprimé qui contiennent chacun des gaz a injecter peuvent.étre ufjlisées.
DT mélanges de ces gaz préts a I'emploi peuvent également étre obtenus auprés des fournisSeurs de daz.

d'éine certaine longueur de tuyau flexible résistant a I'huile qui relie la\bouteille dg gaz
comprimé a la vanne a trois voies (7), le tuyau étant équipé d'une aiguille hypodermique
(epviron 0,3 mm de DI et 0,6 mm de DE). Celle-ci permet de provoquer une fuitg¢ vers
un barboteur a eau (21) utilisé pour vérifier I'absence de refoulement.

NQTE 2 La longueur de tuyau qui relie la bouteille de gaz comprimé 3, la vanne a trois voies est renjplacée
apfes chaque changement de gaz.

Le syptéme d'échantillonnage de I'huile (Figure 4 h) a Figuare 4 k)) se compose de seripgues
en vefre (19) de volume adéquat, équipées de deux vapn€s a trois voies en plastique (8)|et (9)

et

de lorngueur).

7.2.2 Mode opératoire

d'aiguilles hypodermiques (11) (environ 0,6 mm-de DI, 1,0 mm de DE et 140 mm

NOTE | Les nombres entre parenthéses se réferent~aux nombres encerclés sur la Figure 4. Les positions| A a D

des vannes a trois voies (7, 8 et 9) sont indiquées< la Figure 4 d).

7.2.2.{ Dégazage de I'huile

a)
b)
c)

d)

e)

Nettoyer soigneusement la verrerie avant montage.
Fixer le septum en caoutchouc et les raccords souples avec des colliers métalliques.

Laver, si nécessaire,«environ 1 | de mercure avec du pentane et le filtrer au moyen d'un filtre
fin en papier, percé d'un trou.

Adapter le résecrvoir d'huile (14), le ballon de sécurité (15) et les robinets (4) au réservoir
dgd 51 (13).Relier le systtme a une pompe a vide (V) et faire le vide dans le pallon
dd sécurité(15) et le réservoir d'huile de 51 (13) en ouvrant les robinets (2) et (4).

Remplir\Te réservoir (14) d'huile minérale isolante conforme aux spécifications
dg I'"EC’60296 et introduire lentement I'huile par le robinet (3) dans le réservoir de 5|1 (13)
erlle‘remplissant totalement. Ensuite, fermer le robinet (2), puis démonter le régervoir
d'huile (14) et le ballon de sécurité.

NOTE Si ce mode opératoire est suivi scrupuleusement (durée de remplissage de 4 h environ), I'huile est
pratiquement dégazée.

f)

g)

Basculer le réservoir d'huile comme cela est indiqué a la Figure 4 c). Mettre un linge humide
sur le réservoir pour que sa température ne s'éléve pas et fixer le systéme de déplacement
a mercure (17) au robinet (1). Introduire 750 ml de mercure, le robinet (6) étant fermé.

Relier le systéme de déplacement a la canalisation de vide (V), ouvrir le robinet (5) et mettre
sous vide la partie comprise entre les robinets (1) et (6). Ouvrir le robinet (6) pour faire
monter le mercure jusqu'aux robinets (1) et (5), puis fermer le robinet (5). Elever I'ampoule
de gauche du systéme de déplacement (voir Figure 7 c)), de sorte que le niveau de mercure
soit plus haut que celui de I'huile dans le ballon. Ouvrir le robinet (1). Enlever le linge humide
et mettre en route I'agitateur magnétique (12).
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robinets a vide
robinets a vide
robinets a vide

robinets a vide

robinets a vide
robinets a vide
vannes a trois voies
vannes a trois voies

13
14
15
16

vannes a trois voies 17
aiguille d'injection de gaz 18

aiguille de  prélévement19

d'huile

agitateur magnétique 20
réservoir d'huile de 5 | 21
réservoir d'huile de 6 | \%

boule de sécurité de 75 ml
septum en caoutchouc

systéme de déplacement a mercure
seringue de précision étanche au gaz
seringue en verre

bouteille de gaz comprimé équipée d'un
détendeur et d'une vanne

fuite vers le barboteur a eau
liaison a la pompe a vide

Figure 4 — Premiére méthode de préparation d'étalons de gaz dissous dans I'huile


https://iecnorm.com/api/?name=ed61fe0e3bea5b79e3caa2830228a584

- 82— IEC 60567:2023 © |IEC

7.2.2.2 Préparation d'étalon de gaz dissous dans I'huile

Voir Figure 4 ¢) a Figure 4 g).

2023

a) Pour injecter les gaz, fixer la vanne a trois voies modifiée (7) en position B a l'aiguille
d'injection de gaz (10). Introduire l'aiguille a travers le septum en caoutchouc (16)
dans I'huile. Tourner la vanne a trois voies dans la position D pour purger l'aiguille et
la vanne avec [I'huile, puis la remettre en position B. Fixer le corps d'une seringue
de précision étalonnée, étanche au gaz (18) de volume convenable (d'une précision de 1 %)
et le tuyau de raccordement de la bouteille de gaz comprimé (voir Figure 4 e)) a la vanne
(7). Balayer le corps de seringue par un courant modéré de gaz puis, lentement, introduire
plusieurs fois le piston dans le cylindre, pour finalement I'arréter au volume de gaz a injecter

7.2.28 Echantillonnage d'étalon de gaz dissouscdans I'huile
Voir Higure 4 h) a Figure 4 k).

a) Pqur prélever des échantillons d'huile duZréservoir de 5 | (13), adapter deux v

b)

Pour prélever plusd'huile, du mercure doit étre rajouté au systéme de déplacement a me

7.2.3 Calcul

Calcujersla_¢oncentration de chaque gaz "i" dissous comme suit:

ou

C.

Vi

e

7.3

e

Placer la vanne (7) en position d'injection A, abaisser le niveau du mercure ausde

d

Mettre la vanne (7) en position B et élever la cuve a mercure au-dessus du réservoir d

Répéter le méme mode opératoire pour chaque gaz a mettre en solution, puis e
I'anguiIIe d'injection de gaz et la vanne (7).

Q

a

N

qu| contient de préférence tous ceux cités en 9.1, dont les concentrations sont représentatives de
de[l'huile échantillonnée.

a
a

le|lseptum en caoutchouc (16). Lesniveau du mercure étant en position haute, f
le$ vannes (8) et (9) en position D d'aspiration pour les purger avec de
(veir Figure 4 i)).

Fixer une seringue (19) et fourner simultanément les deux vannes (8) et (9) en posit

p
e

(vepir Figure 4 k)).

s'assurant qu'il y a un barbotage continu a travers l"aiguille de fuite (21).

la pointe de l'aiguille et repousser le piston pour injecter le volume de gaz'dans |

and tous les gaz sont mis en solution, arréter I'agitateur magnétique. Noter la pr¢
tnosphérique et la température.

QTE Au lieu d'ajouter individuellement les gaz, il est plus commodg’ d'utiliser un mélange de gaz

rois voies (8) et (9) suivant la Figure 4.b), toutes deux en position B, et fixer I'ens
‘aiguille de prélévement d'huile (11)5 puis introduire cette aiguille dans I'huile a tr

uis aspirer un volume ‘adéquat d'huile (voir Figure 4 j)). Placer ensuite la vann
n position C et la vanne:(9) en position B, puis retirer la seringue équipée de la van

5sSous
huile.
huile.

hlever

ssion

Btalons
celles

annes
emble
avers
ermer
'huile

on A,
e (8)
ne (8)

rcure.

Ci=Vi/Vx106

est la concentration de gaz "i", en yl/l;
est le volume de gaz "i" injecté, en ml, ramené a 20 °C et 101,3 kPa;

est le volume exact d'huile contenu dans le réservoir de 51, en ml.

Deuxiéme méthode: préparation d'étalon de gaz dissous dans I'huile
dans une seringue ou un flacon

7.3.1 Généralités

Voir Figure 5 a) a Figure 5 f).
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=

Posltion de la vanne (3)

@E | \,&%z
>

\ Huile
N

Air

Légende

1 seringue en verre

2 seringue de précision étanche au gaz

3 vanne a trois voies

4 aiguille d'injection de gaz

20 bouteille de gaz comprimé équipée d'un détendeur et d'une vanne
21 fuite vers le barboteur a eau

22 tuyau en caoutchouc silicone

b)

d)

e)

f)

IEC

Figure 5 — Deuxiéme méthode de préparation d'étalons de gaz dissous dans I'huile
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7.3.2 Matériel

Le matériel se compose:

d'un jeu de seringues étanches au gaz de volume adéquat (2);

d'un jeu de seringues en verre de volume adéquat (1);

d'un jeu d'aiguilles d'injection de gaz (4);

de vannes a trois voies en plastique (3);

de bouteilles de gaz comprimé équipées d'un détendeur et d'une vanne (20).

NOTE Des bhouteilles de gaz r‘nmnrlmn r1||| contiennent chacun des gaz a |n|nrfnr nnll\lnnf Stre utilisées.

Des mglanges de ces gaz prets a IempI0| peuvent également étre obtenus aupres des fournlsseurs de gaz.

7.3.3 Mode opératoire

a)

b)

c)

d)

e)

Bgrboter de l'argon dans 1 | d'huile pendant 1 h en agitant, en ajustant|lé flux de gaz
pdur maintenir I'agitation de I'huile, afin de purger tous les autres gaz(dissous. Extraire
les gaz de cette huile saturée en argon sous vide jusqu'a 1 Pa a trayers’un filtre de/ 8 ym
dgns un récipient de 2 | (des teneurs résiduelles de 500 pl/t~O, et 2 000 p}J/I N,

sont acceptables). Lorsque I'huile est complétement dégazée;-couper le vide| avec
I'argon jusqu'a 20 kPa.

Pgser une seringue en verre de 100 ml contenant 10 ml de killes de verre. Relier la sefingue
ay fond du récipient de 2 | et purger la seringue deux fois"avec 20 ml d'huile. S'agsurer
gue le cylindre et le piston sont complétement mouillés @vec de I'huile. Remplir la seffingue
aviec 90 ml d'huile dégazée.

Relier une seringue étanche au gaz du volume exigé avec une aiguille suffisamment Ipngue
pdur introduire un mélange gazeux dans la partie cylindrique de la seringue, par exemple
ne longueur de 115 mm, a un cylindre qui contient un mélange de gaz étalons, et purger
guatre fois avec le gaz étalon. Remplir la~seringue avec un volume connu de gaz édtalon.
Ingérer l'aiguille a travers la pointe de_la“seringue a huile, et transférer le volume de gaz
étalon dans la seringue a huile. Peser~a nouveau, pour déterminer le volume d'huilg réel.
Envelopper la seringue a huile avec un feuille d'aluminium afin d'éviter les dégradations
ddes a la lumiéere du jour et la fixér a un agitateur tridimensionnel de laboratoire. Sgcouer
pgndant 1 h ou jusqu'a dissolution de tous les gaz.

NQTE 1 Toute autre mode opératoire qui aide a la dissolution des gaz dans I'huile (mélange avec agitateur
mggnétique ou autre, par exemple) est adaptée et peut étre utilisée.

Noter la pression atmosphérique et la température; de méme, se reporter a ld note
en 7.2.2.2. Calculer-ta concentration en gaz dissous a partir du volume d'huile, du vplume
dg gaz étalon introduit, de la température et de la pression atmosphérique, comme en|7.2.3.
Exprimer les) quantités de gaz injectées en umol, ou en pl converties aux conditions
ndrmales (20-°C; 101,3 kPa).

Repéterile mode opératoire pour obtenir au moins trois échantillons de gaz dissous

dgns’}huile  (uniqguement dans le cas de la méthode d'espace de | téte)
dmmmw be d'étalonnage qui couvre les valeurs

prévues dans les échantillons inconnus.

NOTE 2 Si un mélange totalement saturé est souhaité, introduire de I'air ou de I'azote sec exempt de CO,

dans la seringue pour obtenir, avec les gaz précédemment injectés, un volume total de gaz de 10 % a 8 %
du volume d'huile, selon le gaz choisi (voir Figure 5 f)).

Tourner la vanne a trois voies (3) en position A et agiter de nouveau la seringue jusqu'a
dissolution totale de I'air ou de l'azote. La dissolution du gaz dans I'huile est accélérée
en plagant la seringue dans un réfrigérateur.

NOTE 3 Un flacon peut étre utilisé au lieu d'une seringue. Le flacon est rempli de la méme quantité d'huile
dégazée que lorsque l'analyse ordinaire est réalisée, avec le volume exact d'huile mesurée par pesée.
Dans ce flacon, des quantités connues d'un mélange de gaz étalons sont introduites, de telle sorte que
les concentrations dans I'huile soient dans la méme plage que dans I'échantillon inconnu prélevé sur site.
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8 Extraction des gaz de I'huile

8.1 Remarques générales

L'extraction des gaz dissous de I'huile a analyser peut étre obtenue sous vide, par entrainement
ou par la méthode d'espace de téte.

La méthode d'extraction sous vide par cycles successifs (Toepler) est décrite en 8.2.

La méthode d'extraction sous vide en un seul cycle (dégazage partiel) est décrite en 8.3.

La mdthode par entrainement est décrite en 8.4.
La mdthode d'espace de téte est décrite en 8.5.

8.2 |Dispositif d'extraction sous vide, par cycles successifs, qui utilise-une pompe
de Toepler

8.2.1 Généralités

Dans cette méthode, le mode opératoire utilisé a pour objectif d’extraire le plus possible de gaz
dissolis dans I'huile. Il est normalement possible de retirer~énviron 97 % des gaz le$ plus
solubles, voire plus pour les gaz les moins solubles. Cette~extraction incompléte est squvent
négligeable comparée a l'exactitude globale de la meéthode d'analyse, mais la méthode
d'échantillonnage préférentielle, a partir d'étalons de\gaz dissous dans [I'huile, tient compte
dans fous les cas de cette extraction incompléte.

NOTE | Pour étalonner cette méthode avec des étalons deygaz dissous dans I'huile, le mode opératoire décri{ en 7.2
pour la| préparation d'étalons exempts d'argon est utiliséy le calcul étant influencé par la quantité d'argon dlissous
extraitg, mais non détectée par le chromatographe en phase gazeuse.

8.2.2 Dispositif d'extraction a la pompe de Toepler

La Figure 6 a) représente un exemple de dispositif approprié. En outre, la Figure 6 b) indique
les vdlumes recommandés. Dansce dispositif, I'huile qui contient les gaz dissous est injectée
a traviers un septum (9). En(variante, I'huile peut étre introduite dans le matériel d'extraction
mis spus vide a partir d'une bouteille d'échantillonnage reliée a la vanne (V8) par un [tuyau
préalgblement rempli d'huile (voir Figure 6 c)).

Le digpositif d'extraction a I'aide d'une pompe de Toepler doit:

a) étre capable‘de dégazer le liquide sous un vide inférieur a 10 Pa;
b) étre étanche au vide. L'étanchéité totale du systeme peut étre vérifiée en appliquant,

sans’introduire I'huile, le mode opératoire d'extraction suivant:
ef : Sati s suivre

par les étapes f), g) et h) comme s'il y avait de I'huile. Aprés avoir comprimé les gaz
a la pression atmosphérique en suivant I'étape h), il convient que le volume de gaz
soit inférieur a 0,1 ml;

c) permettre de mesurer les volumes de gaz extraits a 0,05 ml prés ou mieux,
dans les conditions normales de température et de pression.

De plus:

d) tous les tuyaux qui relient le récipient de dégazage (3) au récipient de collecte des gaz (2)
(voir Figure 6 a)) doivent avoir un diametre intérieur important, au minimum de 5 mm, et
étre aussi courts que possible;
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e) lajauge a vide employée ne peut pas étre d'un type qui fonctionne a température élevée ou
qui utilise des radiations ionisantes (jauges de Penning, a ionisation ou & thermocouple),
ces types pouvant étre a l'origine de gaz analogues a ceux a analyser par craquage
des vapeurs d'huile présentes dans le systeme. Une jauge Pirani n'est pas non plus
satisfaisante, étant donné qu'elle peut réagir avec des gaz extraits. Un capteur qui repose
sur les variations de capacité électrique entre deux chambres est approprié. Il est
recommandé d'utiliser deux capteurs, I'un dans la chambre a vide, 'autre pour mesurer
les volumes de gaz a la pression atmosphérique.

Des exigences supplémentaires sont données en 8.3, qui décrivent la méthode de dégazage
partiel.
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-
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VP2
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IEC

b) Volumes recommandés de

différentes parties d'une pompe de Toeplpr

B
IEC IEC
a) Vue générale d'un dispositif c) Exemple d'introduction d'huile
d'extraction a la pompe de Toepler au moyen d'une bouteille
Légende
1 cyive & mercure de 2 V1avii robinets manuels
2 rdcipient de cotflecte du gaz de 1| V10 a V12 vannes antiretour
3 rdcipient d¢ degazage de 250 ml ou 500 ml V13 vanne a trois voies électromagnétique
4 buyrette atgaz de 25 ml (graduation de 0,05 ml) VP1 pompe a vide primaire
5 introduction de I'huile en seringue VP2 pompe a vide principale
6 jdugede Pirani LP liaison a l'air basse pression (x110 kPa)
7 réservoir de mise a niveau a mercure SL liaison a la boucle  d'échantillon du
chromatographe
8 agitateur magnétique CG liaison a la bouteille de gaz comprimé étalon
9 septum abc contacts électriques
10 bouteille d'échantillonnage d'huile d marque du niveau de mercure sur le tube
11 ajutage A liaison au vide primaire et a I'air
B liaison au vide principal
C liaison au réservoir de mise a niveau a mercure
D liaison au bac de vidange d'huile et au vide

a

primaire

L'élément 6 de la Figure 6 a) est un "appareil de mesure de la capacité".

Figure 6 — Exemple de dispositif d'extraction a la pompe de Toepler
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8.2.3 Mode opératoire d'extraction

Le mode opératoire d'extraction décrit ci-aprés est un mode opératoire type, employé
dans le cas d'un échantillonnage en seringue. |l est décrit a partir du dispositif représenté
a la Figure 6 a) et a la Figure 6 b). Des modifications du mode opératoire peuvent étre utilisées
dans le cas de dispositifs de conception différente.

a) Peser la seringue (5) qui contient I'échantillon d'huile et la relier au récipient
de dégazage (3). Si une bouteille est utilisée (Figure 9 c)), déterminer la masse d'huile
dégazée en pesant le récipient de dégazage avant et aprés l'introduction de I'huile.

b) Ouvrir les vannes V1, V2, V4, V6, V7 et V9. Fermer les vannes V3, V5 et V8. La vanne V13
e 2 2 i i i 2 s i ! nsion
et|relie la pompe a vide VP1 au systéme.

c) Mgttre en route les pompes a vide VP1 et VP2 ainsi que I'agitateur magnétique-(8).
d) Qdiand la pression atteint 10 Pa, fermer les vannes V2, V6 et V7.

e) Odvrir la vanne V8 et introduire une quantité suffisante d'huile pardle septum (9),
dgns le récipient de dégazage (3). Cela est le début du premier\cyCle de dégazage
de la pompe de Toepler.

NQTE 1 S'ily a une bulle de gaz dans la seringue, cela suggére que le pistoh-a-grippé; il est alors soutjaitable
de|refaire un prélévement. Si cela ne peut pas se faire, la bulle est introduite”ayec toute I'huile ou est de npuveau
digsoute dans I'huile en agitant la seringue.

NQTE 2 Le volume d'huile minimal utilisé est le volume nécessaijre\pour produire suffisamment de polume
de|gaz pour injection dans le chromatographe en phase gazeuse./Lorsque cela est possible, des volumes|d'huile
plys importants peuvent étre utilisés pour augmenter la précision de I'analyse. Dans le cas d'un échpntillon
d'Huile issu d'un essai en usine, une modification est apporté®e aa méthode; voir la Note 3 du point j) citapreés.

f) Aprés le temps fixé pour le dégazage (par exemple, 1 min a 3 min), poursuivre le pjemier
cycle de la pompe de Toepler en fermant la®™vanne V13 afin d'admettre de I'air comprimé
a basse pression au-dessus du mercure.gii s'éléve jusqu'au contact (a), en compfimant
le$ gaz du récipient de collecte dans la burette. En inversant la vanne V13, afin de|relier
lajpompe a vide a la cuve a mercure (1), le retour du mercure est assuré (les gaz recueillis
dgns la burette sont retenus par la vanne antiretour V10) ce qui permet d'extraire davantage
dg gaz de [l'huile. Les contacts rendent possible [|'automatisation de ce [ycle.
Des électrovannes a induction(peuvent alors étre utilisées.

Il lest utile de disposer d'unh compteur pour déterminer le nombre de cycles et grréter
I'opération aprés le nombre exigé, tel qu'il a été normalisé pour le dispositif Jtilisé.
Lg fonctionnement autematique du matériel, pendant un temps normalisé (par exgemple
1 min avec un cyc¢leyd'une durée de 1 min), peut constituer une variante.

Il lconvient que _le“nombre de mouvements soit tel que le vide a la fin de I'extraction
s'approche devfa valeur initiale avant I'extraction. Le nombre de mouvements nécessaires
dépend duv‘rapport entre le volume total du matériel et le volume de la pompe.
Ge¢néralement, il a été établi que 4 a 20 mouvements sont adaptés pour attg¢indre
une extraction de 97 % pour les gaz plus solubles, en fonction du matériel utilisé.

g) Arréter la commande automatique de cycles (si elle est employée) et mettre la vannp V13
en position d'admission d'air. Laisser monter le mercure, dans la burette, au-dessus
du niveau de la vanne V5. Fermer la vanne V4.

h) Ouvrir la vanne V6 et, a I'aide du réservoir de mercure (7), ajuster les niveaux de mercure.
Lire le volume total de gaz recueillis dans la burette. Noter la température et la pression
ambiantes.

i) Enlever la seringue d'huile et la peser a nouveau pour obtenir la masse d'huile dégazée.
Déterminer la masse volumique de I'huile a température ambiante.

j) Fermer la vanne V1, ouvrir la vanne V2 et transférer les gaz extraits dans la boucle
d'échantillon. Ajuster a nouveau les niveaux de mercure, a l'aide du réservoir de mercure,
au nouveau niveau, puis fermer la vanne.

NOTE 3 Un autre procédé fréquemment utilisé consiste a adapter un septum au sommet de la burette,
a la place de la vanne V2, a prélever une partie aliquote des gaz a l'aide d'une seringue de précision étanche
aux gaz et a l'injecter dans le chromatographe. Dans ce cas, il est de bonne pratique de changer le septum
a chaque fois.
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k)

8.3

8.3.1 Remarques générales

NOTE 4 Si une quantité de gaz insuffisante résulte du premier dégazage de I'échantillon d'huile, le récipient
de dégazage est enlevé et vidé, et la méthode répétée avec un nouvel échantillon d'huile. Conserver les gaz
de la premiére extraction dans la burette en fermant la vanne V4, jusqu'a ce que le vide soit a nouveau refait
dans le reste du systéme (point d) ci-dessus).

En variante, si des concentrations en gaz faibles sont prévues, un récipient de dégazage
plus grand peut étre utilisé, jusqu'a 2 |, avec un volume d'huile inférieur ou égal a 500 ml.
Introduire I'échantillon d'huile lentement, afin de faciliter I'extraction des gaz.

Calculer la teneur totale en gaz extraits C; de I'échantillon d'huile, exprimée en pl/l, a 20 °C
et 101,3 kPa, par I'expression:

Cr=(P/101,3) x (293 /273 + 1) x (Vd | m) x 108

oy
P | estla pression locale de l'air, en kPa;

t | estlatempérature ambiante, en °C;

est le volume total de gaz extraits, a température et pression ambjantes, en ml;
d | estla masse volumique de I'huile ramenée a 20 °C, en g/ml;

m| estla masse d'huile dégazée, en g.

Effectuer I'analyse selon I'Article 9.

NQTE 5 Dans la mesure ou le gaz n'est pas completement extrait de 'huile, une étape de ringage pgut étre
négessaire aprés avoir effectué une analyse a concentration élevée (aprés analyse de I'échantillon|d'huile
a gartir du changeur de prises, par exemple). L'extracteur-péut étre rincé avec de ['huile qui dontient
def quantités non détectables de gaz, sauf pour les gaz présents dans l'air.

Extraction sous vide par la méthode de,dégazage partiel

Dans |cette méthode, l'extraction des gaz' est obtenue en soumettant I'échantillon q'huile
a une|seule mise sous vide (entre 3 min~“pour les huiles minérales et 10 min pour les huiles
de silicone qui présentent une viscosité plus importante; voir Annexe F). Le coefficient
d'extrpction dépend de la sglubilité des composants gazeux. Pour tenir compte
de cefte extraction incompléte, ine correction peut étre effectuée en partant des coefficients
de solubilité d'Ostwald de chaque gaz dans I'huile pour transformateurs, qu'elle soit mipérale

ou nop (voir Annexe A).

8.3.2 Dispositif de dégazage partiel

Pour gette méthade, le matériel représenté a la Figure 6 a) et a la Figure 6 b) est également

approprié, avec\les modifications suivantes:

a)

b)

c)

d)

les dispositifs de commande automatique utilisés en mode pompe de Toepler (vannefs V10
et| cohtacts électriques a, b et ¢) ne sont pas nécessaires. Une simple pompe a| main
(pofreetTefoutanmte) peutetre utitisee a fa prace du sSysteme o air COmprine Dasse pression;

il convient que le volume total de détente (récipient de dégazage (3), plus récipient
de collecte (2) et tubes de liaison, non compris le volume d'huile) soit au moins égal a 20 fois
le volume d'huile. Dans le dispositif de la Figure 6 b), un récipient de collecte de 500 ml et
un récipient de dégazage de 150 ml sont appropriés pour un volume d'huile de 25 ml
a 30 ml;

il convient que le volume de la cuve a mercure n'excéde pas trop le volume du récipient
de collecte; dans le dispositif de la Figure 6 b), le volume recommandé de la cuve est
approximativement de 600 ml a 700 ml. Il convient de la remplir de mercure de fagon
a ménager un volume d'air de 100 ml a 150 ml au maximum;

il convient de fixer un repére sur le tube plongeur de la cuve a mercure (repére d
sur la Figure 6 a) et la Figure 6 b)) de sorte que, lorsque le matériel est utilisé en dégazage
partiel, le niveau de mercure puisse étre arrété a cette marque, définissant ainsi,
avec exactitude, le volume de détente;
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e) le dispositif doit étre exempt de fuites et doit pouvoir étre mis sous un vide de 0,1 Pa.
La burette, généralement de volume 3,5 ml, doit étre graduée en 0,01 ml; les tuyaux
de jonction et la jauge a vide doivent étre conformes a ceux décrits aux points d) et f)
du 8.2.2;

f) en lieu et place de la seringue, de l'aiguille et du septum, un tuyau souple
en polytétrafluoroéthyléne (PTFE) relié a la vanne peut étre utilisé pour introduire
des échantillons d'huile.

8.3.3 Mode opératoire d'extraction

a) Peser la seringue (5) qui contient I'échantillon d'huile et la relier au récipient
de dégazage (3).

b) Caontinuer comme cela est indiqué aux points b) a e) du 8.2.3, en ayant réalisé uv|1 vide
ddg 0,1 Pa.

c) Pqursuivre le dégazage pendant 5 min a 10 min, en fonction de la viscosité’de l|huile,
I'agitateur fonctionnant énergiquement. Fermer alors la vanne V9.

d) Cantinuer comme cela est indiqué aux points g) et h) du 8.2.3.

e) Calculer le volume total de gaz extrait, en divisant le volume de gaz recueilli dans la burette
pgr le rapport volumétrique V./7;, ou

— | ¥V, (volume de collecte) est le volume de la burette et(du récipient de collecte (2),
du repére "d" aux vannes V9, V6, V5 et V2;

— | 7; (volume total de détente) est le volume ¥ plus le voJume du récipient de dégazape (3)
et des tuyaux de jonction aux vannes V9, V8 et VZ,\diminué du volume de I'huile agmise.

f) Enleverla seringue et la peser a nouveau pour obtenir la masse d'huile dégazée. Déteqminer
lajmasse volumique de I'huile a température ampiante.

g) Ramener le volume total calculé des gaz extraits a 20 °C et 101,3 kPa, selon le paint k)
dy 8.2.3.

h) Injecter une partie aliquote des gazcextraits dans le chromatographe, suivant le ppint j)
dy 8.2.3.

i) Effectuer I'analyse selon I'Article.9.

j) Calculer la concentration‘oréelle de chacun des composants gazeux présents
dans I'échantillon d'huilef_en divisant la concentration déterminée par chromatogfaphie
pqr le coefficient d'extraction E; (voir Annexe A).

NQTE Dans la mesure.ou le gaz n'est pas compléetement extrait de I'huile, une étape de ringcage pqut étre
négessaire apres aveir effectué une analyse a concentration élevée (aprés analyse de I'échantillon|d'huile
a gartir du changeur de prises, par exemple). L'extracteur peut étre rincé avec de I'huile qui dontient
def quantités non.détectables de gaz, sauf pour les gaz présents dans l'air.

Des \ersions»sans mercure des méthodes de Toepler et de dégazage partiel sont ddcrites
a I'Anpexe B.

8.4 Methode d'extraction des gaz par entrainement
8.4.1 Généralités

L'extraction des gaz dissous dans I'huile est réalisée par barbotage du gaz vecteur lui-méme
dans un faible volume d'huile. Des volumes d'huile compris entre 0,25 ml et 5 ml
sont généralement utilisés.

Le temps nécessaire pour extraire les gaz de volumes d'huile plus importants que ceux-ci
conduit a des chromatogrammes inacceptables, sauf dans le cas de I'emploi de pieéges a froid
ou pour |'analyse de I'hydrogéne seul.


https://iecnorm.com/api/?name=ed61fe0e3bea5b79e3caa2830228a584

	Commented version (English only)
	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms, definitions, symbols and abbreviated terms
	3.1 Terms and definitions
	3.2 Symbols and abbreviated terms
	3.2.1 Symbols
	3.2.2 Abbreviated terms


	4 Sampling of gases from gas-collecting relays
	4.1 General remarks
	4.2 Sampling of free gases by syringe
	4.2.1 Sampling equipment
	4.2.2 Sampling procedure

	4.3 Sampling of free gases by displacement of oil
	4.4 Sampling of free gases by vacuum
	4.5 Sampling of oil from oil filled equipment

	5 Labelling of gas samples
	6 Sampling, labelling and transferring of oil from oil-filled equipment
	6.1 Sampling and labelling of oil 
	6.2 Transfer of oil for DGA analysis
	6.2.1 General
	6.2.2 Transfer from oil syringes
	6.2.3 Transfer from ampoules
	6.2.4 Transfer from flexible metal bottles
	6.2.5 Transfer from glass and rigid metal bottles


	7 Preparation of gas-in-oil standards
	7.1 General remarks
	7.2 First method: preparation of a large volume of gas-in-oil standard
	7.2.1 Equipment
	7.2.2 Procedure 
	7.2.3 Calculation

	7.3 Second method: preparation of gas-in-oil standards in a syringe or a vial
	7.3.1 General
	7.3.2 Equipment
	7.3.3 Procedure


	8 Extraction of gases from oil
	8.1 General remarks
	8.2 Multi-cycle vacuum extraction using Toepler pump apparatus
	8.2.1 General
	8.2.2 Toepler pump extraction apparatus
	8.2.3 Extraction procedure

	8.3 Vacuum extraction by partial degassing method
	8.3.1 General remarks
	8.3.2 Partial degassing apparatus
	8.3.3 Extraction procedure

	8.4 Stripping extraction method
	8.4.1 General
	8.4.2 Stripping apparatus
	8.4.3 Outline of procedure

	8.5 Headspace method
	8.5.1 Principle of the method
	8.5.2 Headspace extraction apparatus
	8.5.3 Headspace extraction procedure
	8.5.4 Calibration of the headspace extractor


	9 Gas analysis by gas-solid chromatography
	9.1 General remarks
	9.2 Outline of suitable methods using Table 4 
	9.3 Apparatus
	9.3.1 Gas chromatograph
	9.3.2 Columns
	9.3.3 Carrier gas
	9.3.4 Detectors
	9.3.5 Methanator
	9.3.6 Cold trap
	9.3.7 Integrator and recorder

	9.4 Preparation of apparatus
	9.5 Analysis
	9.6 Calibration of the chromatograph
	9.7 Calculations

	10 Quality control
	10.1 Verification of the entire analytical system
	10.2 Limits of detection and quantification
	10.3 Repeatability, reproducibility and accuracy
	10.3.1 General remark
	10.3.2 Repeatability
	10.3.3 Reproducibility
	10.3.4 Accuracy


	11 Report of results
	Annex A (informative) Correction for incomplete gas extraction in partial degassing method by calculation
	Annex B (informative) Alternative gas extraction methods
	B.1 Mercury-free versions of the vacuum extraction methods
	B.1.1 Mercury-free version of the Toepler method 
	B.1.2 Mercury-free version of the partial degassing method 

	B.2 Syringe versions of the headspace method
	B.2.1 Shake test method
	B.2.2 Mechanical oscillation method 


	Annex C (informative) Preparation of air-saturated standards
	Annex D (informative) Correction for gas bubbles in syringes and air gap in rigid bottles
	Annex E (informative) Procedure for comparing gas monitor readings to laboratory results
	Annex F (normative) Insulating liquids based on synthetic and natural esters and silicones
	Bibliography
	Figures
	Figure 1 – Sampling of gas by syringe
	Figure 2 – Sampling of free gases by oil displacement
	Figure 3 – Sampling of free gases by vacuum
	Figure 4 – First method of preparing gas-in-oil standards
	Figure 5 – Second method for preparing gas-in-oil standards
	Figure 6 – Example of a Toepler pump extraction apparatus
	Figure 7 – Types of glass strippers
	Figure 8 – Stainless steel stripper
	Figure 9 – Schematic arrangement for connecting an oil stripper to a gas chromatograph
	Figure 10 – Schematic representation of headspace sampler
	Figure 11 – Vial filled with water
	Figure 12 – Revolving table
	Figure 13 – Schematic arrangement for gas chromatography
	Figure B.1 – Schematic representation of mercury-free Toepler method
	Figure B.2 – Schematic representation of mercury-free partial degassing method
	Figure B.3 – Schematic representation of shake test method
	Figure B.4 – Schematic representations of mechanical oscillation method

	Tables
	Table 1 – Information required for gas samples
	Table 2 – Examples of headspace operating conditions
	Table 3 – Examples of headspace partition coefficients at 70 °C in mineral insulating oil
	Table 4 – Examples of gas chromatographic operating conditions 
	Table 5 – Required limits of detection in oil
	Table 6 – Examples of accuracy of extraction methods
	Table A.1 – Examples of solubility coefficients ai (at 25 °C) reported by CIGRE TF D1.01.15 in 2006
	Table C.1 – Examples of solubility values of air for different oil types
	Table C.2 – Examples of temperature variations for oxygen and nitrogen solubility in mineral oil


	List of comments 
	International Standard (Bilingual)
	English 
	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms, definitions, symbols and abbreviated terms
	3.1 Terms and definitions
	3.2 Symbols and abbreviated terms
	3.2.1 Symbols
	3.2.2 Abbreviated terms


	4 Sampling of gases from gas-collecting relays
	4.1 General remarks
	4.2 Sampling of free gases by syringe
	4.2.1 Sampling equipment
	4.2.2 Sampling procedure

	4.3 Sampling of free gases by displacement of oil
	4.4 Sampling of free gases by vacuum
	4.5 Sampling of oil from oil filled equipment

	5 Labelling of gas samples
	6 Sampling, labelling and transferring of oil from oil-filled equipment
	6.1 Sampling and labelling of oil 
	6.2 Transfer of oil for DGA analysis
	6.2.1 General
	6.2.2 Transfer from oil syringes
	6.2.3 Transfer from ampoules
	6.2.4 Transfer from flexible metal bottles
	6.2.5 Transfer from glass and rigid metal bottles


	7 Preparation of gas-in-oil standards
	7.1 General remarks
	7.2 First method: preparation of a large volume of gas-in-oil standard
	7.2.1 Equipment
	7.2.2 Procedure 
	7.2.3 Calculation

	7.3 Second method: preparation of gas-in-oil standards in a syringe or a vial
	7.3.1 General
	7.3.2 Equipment
	7.3.3 Procedure


	8 Extraction of gases from oil
	8.1 General remarks
	8.2 Multi-cycle vacuum extraction using Toepler pump apparatus
	8.2.1 General
	8.2.2 Toepler pump extraction apparatus
	8.2.3 Extraction procedure

	8.3 Vacuum extraction by partial degassing method
	8.3.1 General remarks
	8.3.2 Partial degassing apparatus
	8.3.3 Extraction procedure

	8.4 Stripping extraction method
	8.4.1 General
	8.4.2 Stripping apparatus
	8.4.3 Outline of procedure

	8.5 Headspace method
	8.5.1 Principle of the method
	8.5.2 Headspace extraction apparatus
	8.5.3 Headspace extraction procedure
	8.5.4 Calibration of the headspace extractor


	9 Gas analysis by gas-solid chromatography
	9.1 General remarks
	9.2 Outline of suitable methods using Table 4 
	9.3 Apparatus
	9.3.1 Gas chromatograph
	9.3.2 Columns
	9.3.3 Carrier gas
	9.3.4 Detectors
	9.3.5 Methanator
	9.3.6 Cold trap
	9.3.7 Integrator and recorder

	9.4 Preparation of apparatus
	9.5 Analysis
	9.6 Calibration of the chromatograph
	9.7 Calculations

	10 Quality control
	10.1 Verification of the entire analytical system
	10.2 Limits of detection and quantification
	10.3 Repeatability, reproducibility and accuracy
	10.3.1 General remark
	10.3.2 Repeatability
	10.3.3 Reproducibility
	10.3.4 Accuracy


	11 Report of results
	Annexes 
	Annex A (informative) Correction for incomplete gas extraction in partial degassing method by calculation
	Annex B (informative) Alternative gas extraction methods
	B.1 Mercury-free versions of the vacuum extraction methods
	B.1.1 Mercury-free version of the Toepler method 
	B.1.2 Mercury-free version of the partial degassing method 

	B.2 Syringe versions of the headspace method
	B.2.1 Shake test method
	B.2.2 Mechanical oscillation method 


	Annex C (informative) Preparation of air-saturated standards
	Annex D (informative) Correction for gas bubbles in syringes and air gap in rigid bottles
	Annex E (informative) Procedure for comparing gas monitor readings to laboratory results
	Annex F (normative) Insulating liquids based on synthetic and natural esters and silicones

	Bibliography
	Figures 
	Figure 1 – Sampling of gas by syringe
	Figure 2 – Sampling of free gases by oil displacement
	Figure 3 – Sampling of free gases by vacuum
	Figure 4 – First method of preparing gas-in-oil standards
	Figure 5 – Second method for preparing gas-in-oil standards
	Figure 6 – Example of a Toepler pump extraction apparatus
	Figure 7 – Types of glass strippers
	Figure 8 – Stainless steel stripper
	Figure 9 – Schematic arrangement for connecting an oil stripper to a gas chromatograph
	Figure 10 – Schematic representation of headspace sampler
	Figure 11 – Vial filled with water
	Figure 12 – Revolving table
	Figure 13 – Schematic arrangement for gas chromatography
	Figure B.1 – Schematic representation of mercury-free Toepler method
	Figure B.2 – Schematic representation of mercury-free partial degassing method
	Figure B.3 – Schematic representation of shake test method
	Figure B.4 – Schematic representations of mechanical oscillation method

	Tables 
	Table 1 – Information required for gas samples
	Table 2 – Examples of headspace operating conditions
	Table 3 – Examples of headspace partition coefficients at 70 °C in mineral insulating oil
	Table 4 – Examples of gas chromatographic operating conditions 
	Table 5 – Required limits of detection in oil
	Table 6 – Examples of accuracy of extraction methods
	Table A.1 – Examples of solubility coefficients ai (at 25 °C) reported by CIGRE TF D1.01.15 in 2006
	Table C.1 – Examples of solubility values of air for different oil types
	Table C.2 – Examples of temperature variations for oxygen and nitrogen solubility in mineral oil


	Français 
	SOMMAIRE
	AVANT-PROPOS
	INTRODUCTION
	1 Domaine d'application
	2 Références normatives
	3 Termes, définitions, symboles et abréviations
	3.1 Termes et définitions
	3.2 Symboles et abréviations
	3.2.1 Symboles
	3.2.2 Abréviations


	4 Échantillonnage des gaz aux relais de protection
	4.1 Remarques générales
	4.2 Échantillonnage de gaz libres en seringue
	4.2.1 Matériel de prélèvement
	4.2.2 Mode de prélèvement

	4.3 Échantillonnage des gaz libres par déplacement d'huile
	4.4 Échantillonnage sous vide des gaz libres
	4.5 Échantillonnage de l'huile dans les matériels immergés dans l'huile

	5 Identification des échantillons de gaz
	6 Échantillonnage, étiquetage et transfert de l'huile dans les matériels immergés dans l'huile
	6.1 Échantillonnage et étiquetage de l'huile 
	6.2 Transfert de l'huile pour analyse AGD
	6.2.1 Généralités
	6.2.2 Transfert à partir des seringues à huile
	6.2.3 Transfert à partir des ampoules
	6.2.4 Transfert à partir de bouteilles métalliques flexibles
	6.2.5 Transfert à partir de bouteilles en verre et en métal rigide


	7 Préparation d'étalon de gaz dissous dans l'huile
	7.1 Remarques générales
	7.2 Première méthode: préparation d'un grand volume d'étalon de gaz dissous dans l'huile
	7.2.1 Matériel
	7.2.2 Mode opératoire 
	7.2.3 Calcul

	7.3 Deuxième méthode: préparation d'étalon de gaz dissous dans l'huile dans une seringue ou un flacon
	7.3.1 Généralités
	7.3.2 Matériel
	7.3.3 Mode opératoire


	8 Extraction des gaz de l'huile
	8.1 Remarques générales
	8.2 Dispositif d'extraction sous vide, par cycles successifs, qui utilise une pompe de Toepler 
	8.2.1 Généralités
	8.2.2 Dispositif d'extraction à la pompe de Toepler
	8.2.3 Mode opératoire d'extraction

	8.3 Extraction sous vide par la méthode de dégazage partiel
	8.3.1 Remarques générales
	8.3.2 Dispositif de dégazage partiel
	8.3.3 Mode opératoire d'extraction

	8.4 Méthode d'extraction des gaz par entraînement
	8.4.1 Généralités
	8.4.2 Dispositif de barbotage
	8.4.3 Généralités sur un mode opératoire

	8.5 Méthode d'espace de tête
	8.5.1 Principe de la méthode
	8.5.2 Dispositif d'extraction d'espace de tête
	8.5.3 Mode opératoire d'extraction d'espace de tête
	8.5.4 Étalonnage de l'extracteur de l'espace de tête


	9 Analyse des gaz par chromatographie gaz-solide
	9.1 Remarques générales
	9.2 Description de modes opératoires satisfaisants à l'aide du Tableau 4 
	9.3 Dispositif
	9.3.1 Chromatographe en phase gazeuse
	9.3.2 Colonnes
	9.3.3 Gaz vecteur
	9.3.4 Détecteurs
	9.3.5 Méthaniseur
	9.3.6 Piège à froid
	9.3.7 Intégrateur et enregistreur

	9.4 Préparation du dispositif
	9.5 Analyse
	9.6 Étalonnage du chromatographe
	9.7 Calculs

	10 Contrôle de la qualité
	10.1 Vérification du système d'analyse dans sa totalité
	10.2 Limites de détection et quantification
	10.3 Répétabilité, reproductibilité et exactitude
	10.3.1 Remarques générales
	10.3.2 Répétabilité
	10.3.3 Reproductibilité
	10.3.4 Exactitude


	11 Rapport des résultats
	Annexes 
	Annexe A (informative) Calcul de la correction due à l'extraction incomplète par la méthode de dégazage partiel
	Annexe B (informative) Méthodes alternatives d'extraction de gaz
	B.1 Versions sans mercure des méthodes d'extraction sous vide
	B.1.1 Version sans mercure de la méthode de Toepler 
	B.1.2 Version sans mercure de la méthode de dégazage partiel 

	B.2 Versions en seringue de la méthode d'espace de tête
	B.2.1 Méthode d'extraction par brassage
	B.2.2 Méthode par oscillation mécanique 


	Annexe C (informative) Préparation des étalons saturés
	Annexe D (informative) Correction pour les bulles de gaz dans les seringues et le volume d'air dans les bouteilles rigides
	Annexe E (informative) Mode opératoire de comparaison des mesures des moniteurs des gaz par rapport aux résultats de laboratoire
	Annexe F (normative) Liquides isolants à base d'esters synthétiques et naturels et de silicones

	Bibliographie
	Figures 
	Figure 1 – Échantillonnage de gaz en seringue
	Figure 2 – Échantillonnage des gaz libres par déplacement d'huile
	Figure 3 – Échantillonnage sous vide des gaz libres
	Figure 4 – Première méthode de préparation d'étalons de gaz dissous dans l'huile
	Figure 5 – Deuxième méthode de préparation d'étalons de gaz dissous dans l'huile
	Figure 6 – Exemple de dispositif d'extraction à la pompe de Toepler
	Figure 7 – Exemples de barboteur en verre
	Figure 8 – Barboteur en acier inoxydable
	Figure 9 – Schéma de montage pour relier un barboteurau chromatographe en phase gazeuse
	Figure 10 – Représentation schématique de l'échantillonneur d'espace de tête
	Figure 11 – Flacon rempli d'eau
	Figure 12 – Table rotative
	Figure 13 – Schéma de montage pour chromatographie en phase gazeuse
	Figure B.1 – Représentation schématique de la méthode de Toepler sans mercure
	Figure B.2 – Représentation schématique de la méthode dedégazage partiel sans mercure
	Figure B.3 – Représentation schématique de la méthode d'extraction par brassage
	Figure B.4 – Représentations schématiques de la méthode par oscillation mécanique

	Tableaux 
	Tableau 1 – Informations nécessaires pour les échantillons de gaz
	Tableau 2 – Exemples de conditions de fonctionnement de l'espace de tête
	Tableau 3 – Exemples de coefficients de partage de l'espace de tête à 70 °Cdans les huiles minérales isolantes
	Tableau 4 – Exemples de conditions de fonctionnementde la chromatographie en phase gazeuse 
	Tableau 5 – Limites de détection dans l'huile exigées
	Tableau 6 – Exemples d'exactitudes des méthodes d'extraction
	Tableau A.1 – Exemples de coefficients de solubilité ai (à 25 ºC) reporté par le CIGRE TF D1.01.15 en 2006
	Tableau C.1 – Exemples de valeurs de solubilité de l'air de différents types d'huile
	Tableau C.2 – Exemples de variations de la solubilité de l'oxygène et de l'azote dans une huile minérale avec la température






