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INTERNATIONAL

Standard Test Method for
Analysis of Gases Dissolved in Electrical Insulating Oil by
Gas Chromatography *

This standard is issued under the fixed designation D 3612; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope D 2780 Test Method for Solubility of Fixed Gases in
1.1 This test method covers three procedures for extraction _Liquids® _ _ o
and measurement of gases dissolved in electrical insulating oil D 3613 Test Methods of Sampling Electrical Insulating Oils

having a viscosity of 20 ¢St (100 SUS) or less at 40°C (104°F), _for Gas Analysis and Determination of Water Content
and the identification and determination of the individual D 4051 Practice for Preparation of Low-Pressure Gas

component gases extracted. Other methods have been used to Blends )
perform this analysis. E 260 Practice for Packed Column Gas Chromatography

1.2 The individual component gases that may be identified 2-2 |EEE Standard:

and determined include: C 57.104 Guide for the Interpretation of Gases Generated in
Hydrogen—H Oil-Immersed Transformets
Oxygen—0, 2.3 IEC Standard:
gitrggen—Nz oo Publication No. 567 Guide for the Sampling of Gases and
arbon monoxide— - . . . .
Carbon dioxide—CO, of Qil from Qil-Filled Electrical Equipment and for the
Methane—CH, Analysis of Free and Dissolved Ga8es
Ethane—C,Hgq
Ethylene—C,H, 3. Terminology
Acetylene—C,H, . . .
Propane—CgHg 3.1 Definitions of Terms Specific to This Standard:
Propylene—C;Hg 3.1.1 gas content of oil by volumein Method A the total

1.3 This standard does not purport to address all of thevolume of gases, corrected to 760 torr (101.325 kPa) and 0°C,
safety concerns, if any, associated with its use. It is th&ontained in a given volume of oil, expressed as a percentage.
responsibility of the user of this standard to establish appro/n Methods B and C, the sum of the individual gas concentra-
priate safety and health practices and determine the applications corrected to 760 torr (101.325 kPa) and 0°C, expressed in
bility of regulatory limitations prior to use.For specific ~Percent or parts per million.

warning statements see 6.1.8, 30.2.2 and 30.3.1. 3.1.2 headspace-a volume of gas phase in contact with a
volume of oil in a closed vessel. The vessel is a headspace vial
2. Referenced Documents of 20-mL nominal capacity.
2.1 ASTM Standards: 3.1.2.1 Discussior—Other vessel volumes may also be
D 2140 Test Method for Carbon-Type Composition of In- Used, but the analytical performance may be somewnhat differ-
sulating Oils of Petroleum Origin ent than that specified in Method C.

D 2300 Test Method for Gassing of Insulating Oils Under 3.1.3 parts per million (ppm) by volume of (specific gas) in
Electrical Stress and lonization Modified Pirelli Mettfod 0il—the volume of that gas corrected to 760 torr (101.325 kPa)

D 2779 Test Method for Estimation of Solubility of Gases and 0°C, contained in 19volume of oil.
in Petroleum Liquid® 3.1.4 sparging v—agitating the liquid sample using a gas to
strip other gases free.
3.1.5 volume concentration of (specific gas) in the gas
sample—the volume of the specific gas contained in a given

1 This test method is under the jurisdiction of ASTM Committee D27 on
Electrical Insulating Liquids and Gases and is the direct responsibility of Subcomy()lume of the gas Sample at the same temperature and pressure

mittee D27.03 on Analytical Tests.
Current edition approved Oct. 10, 2002. Published December 2002. Originally —————————

approved in 1977. Last previous edition approved in 2001 as D 3612 — 01. 4 Annual Book of ASTM Standardgol 14.02.
2 Annual Book of ASTM Standardgol 10.03. S Available from |IEEE, 345 E. 47th St., New York, NY 10017.
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(as the measured total volume), expressed either as a percentNote 2—This sample size has been found to be sufficient for most oils.
age or in parts per million. However, oil that has had only limited exposure to air may contain much
smaller amounts of nitrogen and oxygen. For these oils it may be desirable
to increase the size of the sample and the extraction apparatus.
4. Summary of Test Method Note 3—Alternative apparatus designs including the use of a Toepler
4.1 Method A—Dissolved gases are extracted from a sampleump have also been found successful.
of oil by introduction of the oil sample into a pre-evacuated 6.1.1 Polytetrafluoroethylene (PTFE) Tubingarrow-bore,
known volume. The evolved gases are compressed to atmM@erminated with a Luer-Lock fitted glass syringe, and leading to
spheric pressure and the total volume measured. a solid plug, three-way, high-vacuum stopcock.
4.2 Method B—Dissolved gases are extracted from a sample 6.1.2 Degassing Flaskwith a glass inlet tube, of sufficient
of ail by sparging the oil with the carrier gas on a stripperyolume to contain up to 50 mL of oil below the inlet tube,
column containing a high surface area bead. _ capable of being evacuated through a vacuum pump, contain-
~ 4.3 Method G—Method C consists of bringing an oil sample ing a PTFE-coated magnetic spin bar, and mounted on a
in contact with a gas phase (headspace) in a closed vess@hgnetic stirrer.

purged with argon. The dissolved gases contained in the oil are .1.3 Means of Measuring Absolute Pressusgthin the

then equilibrated in the two phases in contact under controllegpparatus_

conditions (|n accordance with Henry’S |aW) At equilibrium, 6.1.4 VVacuum Pump|ng Systemapab|e of evacuating the

the headspace is overpressurized with argon and then thgassware to an absolute pressure of 107 torr (130 mPa)

content of a loop is filled by the depressurization of thegr |ower.

headspace against the ambient atmospheric pressure. The gases 1.5 Vacuum Glasswaresufficiently large compared to the

contained in the loop are then introduced into a gas chromatg;olume of the oil sample, so that virtually complete degassing

graph. ] ] o _ is obtained and that the volumetric collection ratio is as large as
4.4 There may be some differences in the limits of deteCthfpossime. A 500-mL gas collecting flask has been found

and precision and bias between Methods A, B, and C fogyitaple.

various gases. 6.1.6 High-Vacuum Valves or Stopcockemploying the
4.5 Aportion of the extracted gases (Method A) or all of theminimum necessary amounts of high-vacuum stopcock grease

extracted gases (Method B) or a portion of the headspace gasg used throughout the apparatus.

(Method C) is introduced into a gas chromatograph. Calibra- 6.1.7 Gas Collection Tubecalibrated in 0.01-mL divisions,

tion curves are used in Method C to establish the Concentratio(ghpame of containing up to 5 mL of gas, terminated with a

of each species. The composition of the sample is calculategfjicone rubber retaining septum. A suitable arrangement is

from its chromatogram by comparing the area of the peak o§hown in Fig. 3.

each component with the area of the peak of the same ¢ 1.8 Reservoir of Mercurysufficient to fill the collection

component on a referencg 'chromatogram made on a standafélsk and collection tube.Warning—Mercury vapor is ex-

mixture of known composition. tremely toxic. Appropriate precautions should be taken.)

5. Significance and Use 7. Sampling

5.1 Oil and oil-immersed electrical insulation materials may /-1 Obtain samples in accordance with the procedure de-
decompose under the influence of thermal and electricaicfiPed in Test Methods D 3613 for sampling with syringetype
stresses, and in doing so, generate gaseous decompositi@fYices or rigid metal cylinders. The use of rigid metal
products of varying composition which dissolve in the oil. The ¢ylinders is not recommended for use with Method B.
nature and amount of the individual component gases that may /-2 The procurement of representative samples without loss
be recovered and analyzed may be indicative of the type anfafdlssolved gases or exposure to air is very important. Itis also
degree of the abnormality responsible for the gas generatiofi"Portant that the quantity and composition of dissolved gases
The rate of gas generation and changes in concentration §gMain unchanged during transport to the laboratory. Avoid

specific gases over time are also used to evaluate the conditi@fclonged exposure to light by immediately placing drawn
of the electric apparatus. samples into light-proof containers and retaining them there

until the start of testing.

Note 1—Guidelines for the interpretation of gas-in-oil data are givenin 7 2 1 Tg maintain the integrity of the sample, keep the time
IEEE C57.104. between sampling and testing as short as possible. Evaluate
6. Apparatus containers for maximum storage time. Samples have been
stored in syringes and metal cylinders for four weeks with no

6.1 Apparatu$ of the type shown in Fig. 1 or Fig. 2 is Sappreciable change in gas content.

suitable for use with up to 50-mL samples of oil and consist
of the following components: Note 4—Additional sampling procedures using flexible metal cans are
currently being studied for use with Method A.

METHOD A—VACUUM EXTRACTION

7 Ace Glass and Lurex Glass manufacture glass extractors. For Ace Glass, tf8. Method A—Vacuum Extraction

glass apparatus conforming to Fig. 1 is Part E-13099-99-99 and Fig. 2 is Part .
E-1400-99. Available from P.O. Box 688, 1430 Northwest Bivd., Vineland, N3~ 8-1 Method A employs vacuum extraction to separate the

08360 or Lurex Glass, 1298 Northwest Blvd., Vineland, NJ 08360. gases from the oil. The evolved gases are compressed to
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EXTRACT GAS SAMPLE
WITH SYRINGE

[g'\seprum

¥

GAS COLLECTION —
TUBE

FLEXIBLE PTFE TUBING

REFERENCE
COLUMN

VACUUM

~-DEGASSING FLASK
COLLECTION —||— 4
FLASK —MAGNETIC STIRRER
(APPROX.
500 ML.) VENT
MERCURY g TO VACUUM
RESERVIOR —

HAND PUMP

FIG. 1 Extraction of Gas from Insulating Oll

atmospheric pressure and the total volume measured. The9.4 Determine the Ostwald solubility coefficients of fixed

gases are then analyzed by gas chromatography. gases in accordance with Test Method D 2780.
9.5 Ostwald solubility coefficients that have been deter-
9. Preparation of Apparatus mined for a number of gases in one specific electrical insulat-
9.1 Check the apparatus carefully for vacuum tightness oing oil at 25°C are shown as follows. Values for gases in other
all joints and stopcocks. oils may be estimated by reference to Test Method D 2779.

Ostwald Solubility & (Note 5)
Coefficient, K; 25°C, 760 mm Hg

9.2 Measure the total volume of the extraction apparatus,

A Component Gas
V5, and the volume of the collection spad&, and calculate

. . . K Hydrogen 0.0558
the ratio as the volumetric collection ratio: Nitrogen 0.0968
vV Carbon monoxide 0.133
__c (€)) Oxygen 0.179
Vi =V, Methane 0.438
whereV, = the volume of oil to be added. ica;’;lgn‘zox'de o
9.3 Calculate the degassing efficiencies for each individuagyiene 176
component gas as follows: Ethane 2.59
1 Propane 11.0
E = KV 2) Note 5—The Ostwald coefficient values shown in this table are correct
1+ v L c{/ only for the specific mineral oil having a density at 15.5°C of 0.855 g/cm
T © used in the original determination. Ostwald coefficients for mineral oils of
where: different density may be calculated as follows:
E; = degassing efficiency of componeint 0.980— density
V, = volume of oil sample, Ki (corrected = K —135 ©)

V; = total internal volume of extraction apparatus before
oil sample is introduced, and

s . ) B ) .
K. — wal lubili ficient of mponen Daoust, R., Dind, J. E., Morgan, J., and Regis, J, “Analysis of Gas Dissolved
Ostwald solub ty coefficient of co pone t in Transformer Qils,” Doble Conference, 1971, Sections 6-110.
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EXTRACT GAS SAMPLE
WITH SYRINGE

FLEXIBLE
PTFE
TUBING
~—SEPTUM
~—GAS COLLECTION
TUBE
REFERENCE COLUMN
MERCURY VACUUM
= LEVELLING GAUGE\
BOTTLE SAMPLE
Tion SYRINGE

COLLEC

FLASK (APPROX. S DEGASSING

500 ML.)\ & FLASK
] \_MAGNETIC
STIRRER
!
TO VACUUM
FIG. 2 Extraction of Gas from Insulating Oll
—~_ 10.2 Evacuate the system of collection flask and degassing
: OPENING flask to an absolute pressure 0k110 3 torr (130 mPa) or less.
NO LARGER THAN I.D. . . .
OF COLLECTION TUBE (In Fig. 1, the space above the mercury in the reservoir must

also be evacuated.)
10.3 Connect the oil sample syringe by the PTFE tubing to
| RUBBER SEPTUM the three-way stopcock leading to the degassing flask.
| 10.4 Flush a small quantity of oil from the syringe through
the tubing and stopcock to waste, making sure that all the air in
. CEMENTED FLusH with Top the connecting tubing is displaced by oil.
2 OF COLLECTION TUBE 10.4.1 Any gas bubbles present in the syringe should be
retained during this flushing operation. This may be accom-
plished by inverting the syringe so that the bubble remains at
the plunger end of the syringe during the flushing operation.
10.5 Close the stopcocks to the vacuum pumps and then
slowly open the three-way stopcock to allow oil and any gas
bubbles that may be present from the sample syringe to enter
the degassing flask.
10.6 Allow the desired amount of oil to enter the degassing
flask and operate the magnetic stirrer vigorously for approxi-

where,density = density of the oil of interest, g/cfrat 15.5°C (60°F). : . : :
This equation is derived from the equation in Test Method D 2779. NotemateIy 10 min. This is the volumel,o used in the calculation

especially that all of the Ostwald coefficients are changed by the sam¥! 15.4.
factor, meaning that though the absolute solubilities of each of the gases 10.6.1 If a gas bubble is present in the syringe, either
will change if a different oil is used, the ratio of the solubility of one gas analyze the total content of the syringe including the bubble;
to another gas will remain constant. or, if the gas bubble is large, and it is suspected that the
9.6 A procedure to check the extraction efficiency requiresconcentration of dissolved gases is high, measure and analyze
the use of prepared gas-in-oil standards of known concentrdhe gas bubble separately, extract an aliquot of the oil sample,
tion. The methods of preparation are outlined in Annex A1 and@nd correct as applicable.
Annex A2. 10.7 Close the stopcock isolating the collection flask, and
allow mercury to flow into the collection flask.
10.8 Open the stopcock to the reference column and by
10.1 Lower the mercury level from the collection flask.  means of the hand pump (Fig. 1) or leveling bottle (Fig. 2)

COLLECTION TUBE

FIG. 3 Retaining Rubber Septum for Gas Collection Tube

10. Procedure
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bring the level of the mercury in the reference column evermatographic columns is used to convert carbon monoxide and

with the level in the collection tube. carbon dioxide to methane for detection with a flame ionization
10.9 Measure the volume of extracted gas in the collectiometector for acceptable sensitivity. (The condition of the nickel

tube, and correct for collection efficiency by dividing it by the catalyst can be evaluated by checking the linearity of the

volumetric collection ratio calculated in 9.2. Correct to 760 torrresponse to carbon dioxide.) With helium as a carrier gas, a

(101.325 kPa) and 0°C. Determine the volume of oil degassedatalytic converter is not necessary but may be used to enhance

in the degassing flask. Record the gas content as a percentaggnsitivity.

of the oil by volume. 11.5.2 A flame ionization detector, instead of a thermal
10.10 Because the total concentration of gas is not extractonductivity detector, is often used to detect hydrocarbon gases

able from the oil, a rinse step may be required when highldue to its greater sensitivity for these components. A wide

guantities are present. The extractor can be rinsed with oilange of injector, column, and detector temperatures can be

containing nondetectable quantities of gases, except for thosesed. Both isothermal and temperature programs can be used to

present in air. The amount of rinsing needed will be dependergrovide adequate separation and sensitivity. A typical chro-

upon the gas concentration, type (solubility in oil), andmatogram is shown in Fig. 4.

efficiency of the extractor. To ensure that the combustible gases 11.6 Fixed Needle Gas-Tight Syrindesf suitable sizes are

have been sufficiently removed from the extractor, the rinse oiheeded for transfer of the gases.

may be treated as a sample. General rinse procedures may be

established. However, for samples with very high concentral2. Reagent and Materials

tions of gases, verify effectiveness of the rinse procedure. 12.1 Purity of Reagents-Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended that
GAS ANALYSIS all reagents shall conform to the specifications of the Commit-

11. Apparatus tee on Analytical Reagents of the American Chemical Society,
) where such specifications are availabl®©ther grades may be
11.1 Gas Chromatographconsisting essentially of a carrier ysed, provided it is first ascertained that the reagent is of

gas source, a pressure regulator, a sample injection port argfiiciently high purity to permit its use without lessening the

chromatography column(s), flow meter(s), detector(s), anéccuracy of the determination.

recorder(s) or recording integrator(s). 12.2 Suitable Chromatography ColumasSeveral combi-
11.2 Provide means for measuring and controlling temperanations have been found to be suitable, including molecular

tures of the adsorption column, the inlet port, and the detectogieve, Porapak Q, Porapak S, diisodecyl phthalate A, Silica Gel

to within =0.5°C. J, Chromosorb 102, and Carbosieve B.
Nore 6—Use Practice E 260 as a reference for good chromatographic 12-3 Helium, Argon, or Nitrogen Carrier Gashaving a
techniques. minimum purity of 99.95 mol % (see Note 7).

11.3 The apparatus shall be capable of sufficiently separat- 12.4 Reference Standard Gas _M|xture0nta|n|ng known
ing the component gases, at the sensitivity levels shown diereentages of the gases shown in 11'_3'
follows, to ensure quantitative measurement of the respective 12:4'1 Around_ rqbln performed for this test method showed
peak areas: consujerablg variation in gas §tandards when compared to a
supplied primary standard. It is strongly recommended that

Minimum Detection Limits for Gases Dis- . . .
only primary standards (each component prepared gravimetri-

Component Gas solved in Oil, ppm

Hydrogen 5 cally) be used. Refer to Practice D 4051 for procedures used to
gifr’ggﬁagg?d“; 2; prepare a blend of standard gases. The National Institute of

Standards and Technology (NIST) has some gas standards
available which can be used to calibrate working standHrds.
0 12.4.2 Individual gases can range from detectable levels to

ith der th ks for hvd b thousands of parts per million in actual samples. However, in
with respect to area under the peaks for hydrocarbon anH\ost samples the concentration of gases (except oxygen,

carbon oxide components. . I~ -
. . . nitrogen, and carbon dioxide) is tens to hundreds of parts per
11.5 Awide range of chromatographic conditions have been g ) P P

successfully employed. Both argon and helium have been used
as carrier gases (see Note 7). In some cases, a separate GCor————

other device is used for the detection and quantification of 2 Syringes that have been found suitable include those from the Hamilton Co.,
P.O. Box 307, Whittier, CA 90608; Pressure-Lok Syringes made by Precision

hydmgen when helium is used as a carrier gas. Sampling Corp., P.O. Box 15119, Baton Rouge, LA 70815; and Popper and Sons,

. : . : ... Inc., 300 Denton Ave., New Hyde Park, NY 11040.
Note 7—If helium is used as a carrier gas with a thermal conductivity = 5 Reagent Chemicals Amyerican Chemical Society Specificatimerican

detector, medium to high Concentratlons'of hydrogen ma_y gvea nonllnealﬁhemical Society, Washington, DC. For suggestions on the testing of reagents not
response, due to the closed heat capacity values of helium and hydrogeRied by the American Chemical Society, stealar Standards for Laboratory
The limit of detection will be higher than with an argon carrier gas underchemicals BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia
similar conditions. If nitrogen is used as a carrier gas, nitrogen cannot bend National FormularyU.S. Pharmacopeial Convention, Inc. (USPC), Rockuville,

detected in the sample. MD.
ith th f . IVt 11 Available from U.S. Department of Commerce, National Institute of Standards
11.5.1 With the use of an argon carrier gas, a cata yUCand Technology, Standard Reference Materials Program, Bldg. 202, Room 204,

converter containing powdered nickel located after the chroeaithersburg, MD 20899.

Atmospheric gases 50

11.4 The apparatus shall provide sufficient repeatability s
that successive runs of a reference standard agree withith
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Gas Chromatograph Conditions:

Argon carrier gas, flow rate 30 mL/min

Columns: Porapak N, 80-100 mesh, 13 ft X ¥s in.
Molecular sieve, 13X, 40-60 mesh, 3 ft X ¥ in.

Catalytic converter for detection of CO and CO,

Detectors: Thermal conductivity: H,, O,, N,

Flame ionization: CH,, CO, CO,, C,Hg, C,H,4, CoH,, CsHg, C5Hg, CaHqg
Temperatures: Injection 200°C

TCD 150°C

FID 300°C

Column: Isothermal 35°C for 8 min
35-132°C ramp at 20°C/min, hold until 15.5 min
132-150°C ramp at 25°C/min, hold

Note 1—Propane and propylene are not separated under these conditions.
FIG. 4 Sample Chromatogram

million. Normally, the gas standard is prepared at concentramixture, at an established set of operating conditions and
tions of 5 to 10 times that seen in the oil due to thesample size. Repeat the analysis until consistent operating
concentration effect of extracting the gas from the oil andconditions provide consistent chromatograms as specified in
because higher concentrations can be prepared with greatet.4. Repeat calibration daily when analyses are being con-
accuracy. Some laboratories use more than one concentratidocted.
of standards. Acetylene is of greater concern at lower concen-
tration levels than the other hydrocarbon gases. 14. Procedure
o 14.1 Increase the pressure on the extracted gas contained in

13. Calibration the collection tube, described in 6.1.7 to slightly above

13.1 Prepare the gas chromatograph for use as directed laymospheric pressure by raising the level of mercury in the
the manufacturer, and establish a set of operating conditiongference column slightly above the level of mercury in the gas
capable of separation of the indicated component gases.  collection tube.

13.2 Inject a pre-established volume of the reference stan- 14.2 Insert the needle of the gas-tight injection syringe
dard gas mixture into the chromatograph and establish a pattethrough the septum of the collection tube, and withdraw a
of elution times for the gas components known to be in thesuitable volume of gas into the syringe. Adjust the gas pressure,
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as indicated by the reference column, precisely to atmospherit7. Precision and Bias

pressure before closing the syringe or withdrawing the needle 17 1 The precision, bias and lower limit of detection of

from the septum. N Method A have been evaluated by a statistical examination of
14.3 When the apparatus conditions are equal to thosge results of an inter-laboratory test of mineral oil test

established during the calibration procedure, quickly inject thpecimend? A lower limit of repetition is defined here as an

known volume of gas into the chromatograph through theyjq in the testing of transformers in factories.

Injection port. 17.2 Precision — RepeatabilistThe expected difference
14.4 Periodically, chromatography columns require bakinghetween successive results obtained on identical test specimens

out at elevated temperatures. The frequency and duration Wlﬂy the same operator using the same apparatus and normal and
depend upon such factors as type of column, amount of us@orrect operation of the test method.

and concentration of materials tested. Peaks which are not as17.2.1 Combustible Gases and Carbon Dioxide
sharp as usual may be from compounds retained on the colunepeatability of the determination of each individual combus-
from a previous run, and may indicate a need for baking out th@ple gas and of carbon dioxide was found to vary linearly with
columns. Another indicator that the molecular sieve columnndividual gas concentration level. The repeatability interval at
needs conditioning is that the methane and carbon monoxidge 95 % confidence level for the determination of a combus-
peaks begin to lose baseline separation. tible gasn or of CO,, 1(Ies + can be represented by:

1o. Caleulation herel,(Nos o5 tla(r)QSlT):kn;rt)rT%xcn tabilit ffici (6t)f
. . wherel,(r)os o4 iS the value of the repeatability coefficient for
h15'1 Determine the integrated area of each peak of thﬁ1e determination of that combustible gas or of carbon dioxide.
chromatogram. C, is the concentration level of the gas of interest (ppm). The
1.5'2 Identn‘y the. gases_represented by each peak by Con|]épeatability coefficients at the 95 % level for each of the
parison of elution times with those obtained for the referenc%ombustible gases and for G@nd the concentration ranges
standard gas mixture in the calibration procedure. tested are given in Table 1.

15.3 Determir_1e the amount of each ident_ified gas compo- 417 5 5 Oxygen and Nitrogea-The ranges of concentrations
nent by comparing respective peak areas V.V'th those Pbta!” oxygen and nitrogen in the test specimens analyzed in the
for the reference standard gas mixture in the calibrationyer jahoratory test were relatively narrow. Therefore the

procedure. _ _relationships between repeatability intervals and concentra-
15.4 Calculate the volume concentration of each specifi¢ons of dissolved Qor of N, are not well defined. The

gas with respect to the volume of oil degassed in the degassingeficients of variationS(r), at the 50 % confidence level for

flask. Correct to 760 torr (101.325 kPa) and 0°C, and expresg,e repeatability of the determination of,@nd of N, and the
as parts per million of (specific gas) in oil, by volume. concentration ranges tested are given in Table 1.

V,ACsP, 273 % 10* 17.3 Precision — Reproducibility-The expected difference
Ci= ANV, 760T, ) between two results obtained on identical test specimens by
different operators working in different laboratories under

Wherg normal and correct operation of the test method.
\C/ZQ _ \ég:?crgﬁt?;t%isoefxégasc?ﬁdﬁpm volvol 17.3.1 qubustible Gasgs .and Carbpn_ _Dioxétde
A; — area count or peak height for ga@ sample, Eeprglduublhty gf tfhe dgtergjlna}gon of iachéndlwduall_coml—
A, = area count or peak height for gas standard, ustible gas and of carbon dioxide was found to vary linearly
C., = concentration of gasin standard in percent vol/vol, with individual gas concentration level. The reproducibility
V, = volume of oil,
P, = atmospheric pressure, in torr, and -
T, = ambient temperature, in Kelvin. 12 pvailable from ASTM Headquarters. Request RR:D27-1016.

15.5 Correct each experimental value obtained in 15.4 for
incomplete degassing by dividing each value by its respective ~ TABLE 1 Summary of Precision and Bias for Method A

degassing efficiency derived from 9.3. Gas C°-Range Repeatability Reproducibility Bias
o ) Combustible Gases and Carbon Dioxide
E n ppm Kn(Nos o Kn(R)os o B,
H, 90 - 710 0.31 0.38 -0.13
16. Report co 110 - 930 0.28 0.79 -0.14
o ) CH, 35 — 620 0.25 0.72 -0.21
16.1 Report the following information: CoHg 40 — 400 0.37 0.75 -0.29
16.1.1 Identification of oil sample, 22:4 gg - ggg g-gg 8-22 —g-%
. . . 22 - . B —VuU.
16.1.2 Temperature of o!l at time of sampling, co. 45 — 9300 048 076 A
16.1.3 Gas content of oil by volume, expressed as a per- Oxygen and Nitrogen
Centage' . . . n ppm Sn(Nso o Sn(R)so % B,
16.1.4 Volumg concentratlon in the ail, for each component 0, 4630 — 4670 0.25 035 0.07 — 0.53
gas, expressed in parts per million, and N, 27000 — 61000 0.14 0.27 0.47 — (-) 0.05

16.1.5 Test method used (for example, D 3612, Part A).  “see text.
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interval at the 95 % confidence level for the determination of aecommended for systems which are also used to test mineral
combustible gas or of CO,, I,(R)gs 4, Can be represented by: oil, as excessive foaming should cause contamination of
| (Rlgs o = Ky (Rlgg o X C, @) columns after the stripper.

wherel(R)gs o is the value of the reproducibility coefficient 19, Apparatus
for the determination of that combustible gas or of carbon
dioxide. G, is the concentration level of the gas of interest
(ppm). The reproducibility coefficients at the 95 % level for
each of the combustible gases and, G@d the concentration
ranges tested are given in Table 1.

19.1 Gas Chromatograp!¥, capable of separating and de-
tecting the gases of interest using a direct injection of a portion
of the liquid samples. Alternative gas strippers are given in IEC
Guide 567.

. . 19.2 The apparatus must be capable of sufficiently separat-
17.3.2 Oxygen and Nitrogea-The ranges of concentrations ing the component gases, at the sensitivity levels shown as

of oxygen and of mtrogen_contal_ned were relatively narrow InfoIIows, to ensure quantitative measurement of the respective
the specimens analyzed in the interlaboratory test. Therefor

X . o eak areas:
the relationships between reproducibility intervals and concen- » o Limits for G _
tration of dissolved Q@ or N, are not well defined. The Component Gas Dt O ppm o0
coefficients of variationS(R) at the 50 % confidence level for Hydrogen 20
the reproducibility of the determination of,@nd of N, and the E‘ydgoca’b%”s ;
. . . arpon oxiaes
concentration ranges tested are given in Table 1. Atmospheric gases 500

17.4 Bias—The difference between the mean of results o i e .
obtained for a gas in a test specimen and the “true” (that is, The limit of detection for hydrogen specified in Method B is

spiked) value of the concentration of that gas in the testeﬁ'igher tha_n that specified for Method A. This could affect the
material2 interpretation of results when low levels of gases are present.

17.4.1 Combustible GasesBias of the determination of 19.3 The apparatus shall be capable of providing data for

each individual combustible gas was found to vary linearlySUCCESSive runs of a reference standard that are repeatable
with individual gas concentration level. The relative biBs, within 1 %, W'th respect to area under the peaks, for hydrogen
for the determination of a combustible gas,can be repre- and carbon oxide components.

sented by: 20. Reagent and Materials

By = (G = i) /CY ®) 20.1 Suitable Chromatography Columas Several combi-
where C,, is the concentration level of the gas of interestnations have been found to be suitable including molecular
(ppm) andC,° is the “true” (spiked) value of the concentration sieve, Porapak Q, Porapak N, diisodecyl phthalate A, Silica Gel
of that gas in that test material. The bias and the concentratioh Chromosorb 102, Carbosieve B, and Sperocarb. Molecular
ranges tested are given in Table 1 for each of the combustiblgieve is used to separatg,HD,, N,, CH,, and CO. Porapak N,
gases. The biases in results from Method A for the combustibl®, or combinations of both are used to separatg, @5H,, C

gases are uniformly negative. 2Hg, C,H,, CiHg, CiHg, and GH,,. Sperocarb is used to
17.4.2 Carbon Dioxide—Bias for the determination of car- separate the carbon oxide and hydrocarbon gases.
bon dioxide decrease with increasing CONo analytical 20.2 Argon, or Nitrogen Carrier Gashaving a minimum

transformation adequately fits the results; these results afgurity of 99.95 mol % with total hydrocarbons of less than 0.5
shown graphically in Fig. 5. It is possible that the positive biasppm and CQ of less than 1 ppm. (See Note 7.)
at lower concentrations results, in part, from contamination by 20.2.1 With the use of an argon carrier gas, a catalytic
air. converter containing powdered nickel, located after the sepa-
17.4.3 Oxygen and Nitroger-The bias for determinations rating columns, is used to convert carbon monoxide and carbon
of O, and of N, are positive and variable. It is possible that dioxide to methane for detection with a flame ionization
positive bias is, in part, the result of contamination by air. Also,detector for acceptable sensitivity. (The condition of the nickel
the ranges of concentrations of oxygen and of nitrogen in theatalyst can be evaluated by checking the linearity of the
test specimens analyzed in the interlaboratory test were relsesponse to carbon dioxide.)
tively narrow. The relationships between bias and dissolved 20.3 Flame lonization Detector GasesHydrogen having a
concentration of @ or of N, then are not well defined. The purity of 99.99 mol % with total hydrocarbons of less than 0.5
coefficients of variatiorS(R)at the 50 % confidence level for ppm and air having a purity of less than 1 ppm total
the reproducibility of the determination of,@nd of N, and the  hydrocarbons.

concentration ranges tested are given in Table 1. 20.4 Reference Standard Gas Mixture&ow-concentration
standard containing known percentages of the gases in 1.2 at
METHOD B—STRIPPER COLUMN EXTRACTION concentrations approximately the magnitude of the values
18. Method B—Stripper Column Extraction normally encountered. The high-concentration gas standard

. ... should contain levels approximately one order of magnitude
18.1 Dissolved gases are extracted from a sample of oil by bp y 9

sparging the oil with the carrier gas on a stripper column
containing a hlgh surface area bead. The gases are then ﬂuSheqiaSuitable equipment includes that from Shimadzu Scientific Instruments, Inc.,

fr.om the .St”pper pplumn !ntq agas ch.romatograph for.anal)’7102 Riverwood Road, Columbia, MD. This equipment uses a patented process for
sis. Testing of silicone liquids by this test method is notthe sparger.
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higher than contained in the low-concentration gas standard. The gas standards should be a primary grade (each compone
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added gravimetrically). The high gas standard is used fothe sample for injection. Small volumes of oil are needed for

preparing gas in oil standards as outlined in Annex Al. flushing and sample, typically a total of several millitres.
o Flushing is required to displace the previous sample from the
21. Calibration (Gases) column.

21.1 Prepare the gas chromatograph for use as directed by23.3 Once the sample is connected to the gas chromato-
the manufacturer, and establish a set of operating conditiorgraph, flush enough oil through the injection system to ensure
capable of separating the indicated component gases. that no gas bubbles remain in the line.

21.2 Inject a preestablished volume of the reference stan- 23.4 If high concentrations of the more soluble gases are
dard (low concentration) gas mixture into the chromatograptiound, in particular GH,, the injection column can be back
and establish a pattern of elution times for the gas componentiished. Use a blank run of degassed insulating oil to check that
known to be in the mixture, at an established set of operatingo residual gases remain.
conditions and sample sizes. Repeat the analysis until consié— .
tent operating conditions provide consistent chromatogram&4: Calculation
Repeat calibration daily when analyses are being conducted. 24.1 Determine the integrated area of each peak of the

chromatogram.
22. Efficiency Determination 24.2 ldentify the gases represented by each peak by com-

22.1 Inject the oil standard prepared from one of theparison of elution times with those obtained for the reference
procedures in the Annexes into the system. Determine thetandard gas mixture in the calibration procedure.
dissolved gas content of this oil chromatographically based 24.3 Determine the amount of each identified gas compo-
upon the low-concentration gas standard. The difference béent by comparing respective peak areas with those obtained
tween the calculated concentration and the observed concef@r the reference standard gas mixture in the calibration

tration is the degassing efficiency of a given component androcedure. _ _
may be calculated as follows: 24.4 Correct the values obtained based on the efficiency

values obtained in the efficiency determination procedure, and

D (Caoi = Coai)  Co ®) express as parts per million of (specific gas) in oil, by volume

where: as shown in the following calculation:
D; = degassing efficiency of componeint Cy=Cay!D, (10)
C.oi = Observed concentration of componenin the oil

standard, where:
Cooi = Observed concentration of componeit the blank C.i = observed concentration of componeénin the oil

oil, and sample, and
C, = calculated concentration of componerit the oil C. = corrected concentration of componénin the oil

standard. sample.

22.2 The degassing efficiency factor is used to correct the,é
determined concentration values for incomplete extraction?>: Report
Repeat the procedure until consistent results are obtained.25.1 Report the following information:
Conduct this efficiency determination weekly for at least one 25.1.1 Identification of oil sample,
concentration of standard gas. Whenever there are changes in25.1.2 Temperature of oil at time of sampling,
the chromatographic system, redetermine the extraction effi- 25.1.3 Volume concentration in the oil, for each component
ciency. gas, expressed in parts per million, and

22.3 Determine the linearity of the detector response 25.1.4 The test method used (for example, D 3612, Part B).
monthly by testing a range of gas concentrations expected to b§6 Precision and Bias
encountered in actual samples. Extraction efficiencies should™"
also be determined over a corresponding range to ensure they26.1 The precision, bias and lower limit of detection of
are linear and constant over time. Samples can be prepared Mgthod B have been evaluated by a statistical examination of
simple dilution of pure gases with either nitrogen or carrier gaghe results of an inter-laboratory test of mineral oil test
(for gas standards) or degassed oil (for gas-in-oil standards). fiPecimens? A lower limit of repetition is defined here as an
commercially supplied standard mixtures are used, they magid in the testing of transformers in factories.

be checked using this method. Check efficiencies and Iineariti/) 26.2 Precision — Repeatability The expected difference
whenever chromatographic conditions are changed. etween successive results obtained on identical test specimens

by the same operator using the same apparatus and normal and

23. Procedure for Direct Injection correct operation of the test method.
23.1 Prepare the gas chromatograph as outlined by the 26-2.1 Combustible Gases and Carbon Dioxige
manufacturer. Repeatability of the determination of each individual combus-

23.2 Prepare the sample for injection by first dissolving anyHiPIe gas and of carbon dioxide was found to vary linearly with
gas bubble present into the volume of oil by compressing thédividual gas concentration level. The repeatability interval at
plunger into the barrel of the syringe and agitating the gas by 95 % confidence level for the determination of a combus-
tipping the syringe up and down. Any bubble present in thdiPle gasn or of CO,, I,(r)ss o, can be represented by:
syringe must be dissolved to obtain a representative aliquot of I (N5 0 = Kn (Nogs 05 X C (11)

10
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wherel (g5 o iS the value of the repeatability coefficient for  26.4 Bias—The difference between the mean of results
the determination of that combustible gases or of carbombtained for a gas in a test specimen and the “true” (that is,
dioxide. G, is the concentration level of the gas of interestspiked) value of the concentration of that gas in the tested
(ppm). The repeatability coefficients at the 95 % level for eachmaterial.
of the combustible gases and for €@nd the concentration 26.4.1 Combustible GasesBias of the determination of
ranges tested are given in Table 2. each individual combustible gas was found to vary linearly
26.2.2 Oxygen and Nitrogea-The ranges of concentrations with individual gas concentration level. The relative biBg,
of oxygen and of nitrogen in the test specimens analyzed in th®r the determination of a combustible gas,can be repre-
interlaboratory test were relatively narrow. Therefore thesented by:
relationships between repeatability intervals and concentra- B, = (C,— C.%/C° (13)
tions of dissolved Q@ or of N, are not well defined. The
coefficients of variationS(r), at the 50 % confidence level for
the repeatability of the determination of,@nd of N, and the
concentration ranges tested are given in Table 2.

26.3 Precision — Reproducibility-The expected difference
between two results obtained on identical test specimens b

different operators working in different laboratories and normal Note 8—The distributions of results for the determination of hydrogen
and correct operation of the test method. by Method B are bipolar (see Fig. 6). The results from twelve laboratories

. .. form primary nodes centered about the “true” concentrations of test
26.3.1 _C(_)mbustlble Gases _and Carb_on_ _D'OXJ'de specinaens. ){'he biases reported in Table 2 are based on these primary
Reproducibility of the determination of each individual com- nodes. The results from five labs form secondary nodes at or near
bustible gas and of carbon dioxide was found to vary linearlyconcentrations of zero. This emphasizes the need for a routine QA
with individual gas concentration level. The reproducibility protocol for the determination of H2 by Method B.
interval at the 95 % confidence level for the determination of a 26.4.2 Carbon Dioxide—Bias for the determination of car-
combustible gas or of CO,, I(R)gs o, caN be represented by: pon dioxide decrease with increasing £No analytical

11 (Rlgs 06 = Kq (R)gs o6 X C, (12) transformation adequately fits the results; these results are

shown graphically in Fig. 5. It is possible that the positive bias

wherel (R)os 44 iS the value of the reproducibility coeficient at lower concentrations results, in part, from contamination by
for the determination of that combustible gases or of carbor);

dioxide. C,, is the concentration level of the gas of interest
(ppm). The reproducibility coefficients at the 95 % level for
each of the combustible gases and, G@d the concentration
ranges tested are given in Table 2.

where C,, is the concentration level of the gas of interest
(ppm) andC,° is the “true” (spiked) value of the concentration
of that gas in that test material. The bias and the concentration
ranges tested are given in Table 3 for each of the combustible
ases.

26.4.3 Oxygen and Nitrogera-The bias for determinations
of O, and of N, are positive and variable. It is possible that
positive bias is, in part, the result of contamination by air. Also,

) ) the ranges of concentrations of oxygen and of nitrogen in the

26.3.2 Oxygen and Nitrogea-The ranges of concentrations test specimens analyzed in the interlaboratory test were rela-
of oxygen and of nitrogen contained were relatively narrow ingjyely narrow. The relationships between bias and dissolved
the specimens analyzed in the inter-laboratory test. Thereforgyncentration of Qor of N, then are not well defined. The
the'relations'hips between reproducibility intervals. and concenggefficients of variationS(R) at the 50 % confidence level for
tration of dissolved Q@ or N, are not well defined. The e reproducibility of the determination of,@nd of N, and the
coefficients of variationS(R) at the 50 % confidence level for ~qncentration ranges tested are given in Table 2.
the reproducibility of the determination of,@nd of N, and the 26.5 Method Detection Limit-The method detection limit
concentration ranges tested are given in Table 2. (MDL) for a gas is the minimum value of concentration of that
gas that can be distinguished from zero with a confidence of
95 %. The MDL for each gas is determined from the repro-

TABLE 2 Summary of Precision and Bias for Method B ducibility found for the analysis of that gas at levels near the
Gas C° - Range Repeatability Reproducibility Bias MDL.

Combustible Gases and
Carbon Dioxide

TABLE 3 Lower Limits —Detection and Repetition Method B

n ppm Kn(r)es o kn(R)os o B, ) o
H 90 — 710 017 061 0,07 Note 1—Better MRLs may be achieved by individual labs that can
2 . . . as .
co 110 — 930 017 0.51 0.02 demonstrate better repeatability than the interlaboratory test study sug-
CH, 35-620 0.08 0.61 -0.03 gests.
CoHe 40 - 400 0.08 0.86 0.00 -
C,H, 30 — 800 0.09 0.76 0.05 Combustible Gases
C,H, 25 - 335 0.11 0.71 0.06 Gas C° - Range Detection Repetition
CO, 45 — 9300 0.22 0.78 A n ppm MDLgs o MRLgs o
Oxygen and Nitrogen H, 13 127 10
n ppm S0(Ns0 9 S,(R)s0 06 B, coO 6.9 —-13.8 6.9 2.7
0, 4630 — 4670 0.24 0.63 0.41 - 1.05 g':l“ % - gg gg ;i
26 =2 . .
N, zgfggo— 0.17 0.35 0.49 - 0.04 CoH, 50-40 24 23
CoH, 15-3.0 1.8 0.5
ASee text.
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FIG. 6 Distribution of D 3612B Interlaboratory Test Hydrogen Results - Oil Sample - Spiked @ 707 ppm (STP) H2

26.5.1 Combustible GasesThe MDL for each of the laboratory; the MRL for each gas then is determined from the
combustible gases determined from the reproducibility of theepeatability found for the analysis of that gas at levels near the
method and the concentration ranges tested are given in TabléDL.

3. 26.6.1 Combustible GasesThe MRL for each of the com-

26.5.2 Carbon Dioxide, Oxygen and NitrogeAThe MDL  bustible gases determined from the repeatability of the method
of CO,, of O, and of N, could not be determined from the test and the concentration ranges tested are given in Table 3.
specimens analyzed in the interlaboratory test because the26.6.2 Carbon Dioxide, Oxygen and NitrogerThe MRL
concentrations were too high. of CO,, of O, and of N, could not be determined from the test

26.6 Method Repetition LimitA Method Repetition Limit  specimens analyzed in the interlaboratory test.

(MRL) is defined here as an aid in determining whether the

concentration of a combustible gas truly changes during a METHOD C—HEADSPACE SAMPLING

factory test. This MRL is the minimum value by which the .

results of determinations of a gas must differ for these result¢”- Method C—Headspace sampling

to be statistically different at the 95 % confidence level. 27.1 Method C consists of bringing an oil sample in contact
Changes in concentrations of combustible gases at values nesith a gas phase (headspace) in a closed vessel purged with
minimum detection limits are useful in evaluating the perfor-argon. As a result, a portion of a gas,(HD,, N,, CH,, CO,
mance of a newly manufactured or repaired transformer durin€@0O,, C,H,, C,;H,, C,Hs, or C;Hg) of concentrationC? dis-
factory testing prior to shipment for installation. Analyses of solved in oil is transferred to the headspace. At equilibrium, the
gases during factory test are usually conducted in a singleslationship between the remaining concentration of a gas in

12
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the ail (C), its concentration in the headspacgs), and its  the baseline all the gases of interest.
initial concentration in the oil C{ ) may be deduced by mass 58 4 carboxen-1006 PLOT Colum(80-m by 0.53-mm

equivalence as follows: inside diameter) for the separation of the other compounds
ClVL = C VL + CaVg (14)  (CO,, CH,, CHy CHg, and GHg).
where: Note 10—Packed columns that give adequate peak separation may also
V, = volume of the oil sample, and be use(:]V\;itg'éhis rT;(iLhod.tr:ntthat c_e;_sed, FheMantﬁlyctjicgl performance may be
VG = volume of the headspace. somewnat dirreren an that specitiea in ietho .
There is a direct proportionality between the concentration 28.5 Catalytic Converter containing powdered nickel in-
of this gas in the two phases in equilibrium as follows: stalled between the TCD and the FID, for the conversion of CO
C, = KCq @15)  and CQinto CH, for a sensitive recording of the signal by the
FID.
where: ) 28.6 Zero-dead Volume Adaptefor the column connec-
K = partition coefficient. . tions (0.53-mm inside diameter).
By substituting ¢ in Eq 8 by its expression from Eq 15, the 28 7 Headspace Glass Vial®of 20-mL nominal capacity.
mass equivalence relationship becomes: The exact volume of these vials should be estimated by
CoV, = KCyV, + CaVg (16) performing th_e procedure in a_ccordance with 30.1.
and based on this equatio@; can be extracted as follows: hei%B Crimping Systemincluding crimp head and a decapper
o= CG(K N $> 17 28.9 Perforated Aluminum Caps
L

28.10 TFE-fluorocarbon Faced Butyl Sepfar headspace
Eq 17 forms the basis of the headspace sampling method anghls.

shows that the initial concentration of a dissolved gas in oil 28.11 Glass Syringes30-mL equipped with three-way plas-

may be determined by analyzing an aliquot portion of thetic stopcocks.

headspace when equilibrium is reached. This operation in-

volves the following two steps: syringes should be verified by the laboratory. The analytical performance
27.1.1 Step 1 at Time =8-The oil sample to be analyzed of of Method C was established with a delivery volume variation of 1.9 % (%

a volume V,, containing a dissolved gas at a concentratiZfh, RsD over 20 syringes from different batches).
is placed in a purged vial of a set total volurdeThe vial is
28.12 Needles18G1 and 26@: .

maintained at a constant temperature under mechanical agita- ) ,
28.13 Pressure Regulatorswo-stage, with a delivery pres-

tion until thermodynamic equilibrium between the oil sample ) : A &
and the headspace is reached. sure adjusted at 20.7 Kpa (3 psi) for the cylinders containing

27.1.2 Step 2 at Equilibrium-The concentration of the gas the argon and the calibrating gases. o
in the oil sample and its concentration in the gas phas€are | N€ diagram of the test assembly is shown in Fig. 7 and the
and C, respectively. The headspace is then overpressurizéHStr“me”tal condlt_lons are given in Table 4. The system must
with argon and the content of a loop is filled by the depres-be ca_pgble of sufﬁplently separating the component gases at the
surization of the headspace against the ambient atmospheF€nSitivity levels in accordance with 11.3 of Method A. An

pressure. The gases contained in the loop are then introduc€§@mPple of the detection limits achieved by one laboratory
into a gas chromatograph. with a 3-mL injection loop and capillary columns is given in

Table 5. Fig. 8 presents a typical chromatogram recorded in
28. Apparatus accordance with the conditions given in Table 4 for an oil

28.1 Headspace Sampleequipped with an injection loop Za(nzlioé\?”gegegorﬁgnmt an open-breathing transformer with

and a transfer line connected directly to the first column of the
gas chromatograph. The sampler must be capable of equilibrat-Note 12—The detection limits shown in Table 5 were obtained from
ing the species of interest in a specific time. The requiredhe analysis of a dissolved-gas standard of_l ppm for all gases, except for
equilibration time can be minimized by mixing the sample©2 Nz, CO, and CQ, where the concentration was 17, 24, 1.6, and 8.8
during the equilibration period, and this can be achieved b>ppm, respectively. These results were obtained with a headspace sampler
using a sambpler equipped With' mechanical shakin coupled with a gas chromatograph of one commercial source; other
9 P quipp . . g. devices can be used but the analytical performance may be somewhat
28.2 Gas Chro_matograpr_equped with a by_pass valve, an gigerent than that specified in Method C.
adjustment restrictor, a universal nondestructive thermal con-

ductivity detector (TCD), and a flame ionization detector29. Chemicals
(FID). The permanent gases,H0,, and N, are detected using 59 1 Argon, Air, and Hydrogen Cylinder99.999 % pure.

the TCD, while the FID is used for detection of hydrocarbons o, is used to overpressurize the headspace and to carry the

and carbon oxides. . : L :
. substances contained in the injection loop through the station-
28.3 Molecular Sieve 5 A PLOT column (30-m by ary phase to the detectors. ) P g

0.53-mm in;ide diamr—;ter with a film thickness of 50 jim) for 29.2 Three Gas Mixturegrepared with a precision of about
the separation of the lighter gases,(i,, N, CH,, and CO). 0.5 % used to establish a three-point calibration curve for each
Note 9—The molecular sieve column used should be able to resolve asubstance. The concentrations of these mixtures should be

Note 11—The variation in the oil delivery volume of the 30-mL

13
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FIG. 7 Diagram of the Test Assembly (waiting mode representation).
TABLE 4 Instrumental Conditions
Headspace Sampler Gas Chromatograph
Temperatures: Sample 70°C -bypass valve 120°C
Transfer line 150°C -FID 250°C
Injection valve 150°C -TCD 250°C
-catalytic converter 350°C
Pressure: vial overpressure 70 KPa (0.7 bar)
Times: equilibration at 70°C with -oven 40°C for 3 min
shaking 30 min 24°C/min to 170°C for 2 min
pressurization 0.25 min 24°C/min to 250°C for 5 min
pressure equilibrium 0.25 min bypass valve: 0-4 min columns in series
expansion in injection loop (indicative values) 4-11 min molecular sieve bypassed
0.25 min 11-13 min columns in series
injection 0.90 min 13 min to the end molecular sieve bypassed
Shaking power: Maximum level
Carrier gas: Argon @ 12 mL/min
TABLE 5 Detection Limits in ppm (signal/noise = 3) 30.1.2 Determine the weight of each vial with an accuracy
H, 0.6 of 0.01 g. Fill each vial completely with water (the vial should
N, ﬁ-gA be filled to the point where the water surface is flat and in line
ch, 0.06 with the edge of the vial, that is, no meniscus), and reweigh the
co 0.09 vial with an accuracy of 0.01 g.
<% o 30.1.3 Calculate the volume of each vial using the following
22 . . .
C,H, 0.04 equation:
C,Hg 0.04 Weo — WL
w E

AEstimated from the H, response.

where:
chosen in order to fully cover the expected concentration rangey

of field samples, which depends on the type of equipmentyy,
monitored. We
Dw

volume of the vial,

weight of the vial filled with water,

weight of the empty vial, and

density of the water at the ambient laborator

30. Procedure tempe)r/ature y
30.1 Headspace Vial Volume DeterminatiefBecause of 3014 Calculate the mean volume and the standard devia-

the importance of the ¢V, phase ratio factor in the concen- tjon over the twenty vials from every batch. Use the mean

nation procedure must be applied to detect any variation from 7.
batch to batch and manufacturer to manufacturer. _ _
30.1.1 Equilibrate at the ambient laboratory temperature Nore 13—The analytical performance of Method C was established
about 20 vials from every batch and 500 mL of water and not#\/lth a volume variation less than 0.7 % (%RSD over 20 vials) for vials
. rom the same batch.
the temperature. The vials should be preferably selected from

the different packs received from a batch. 30.2 Headspace Vial Preparation

14
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FIG. 8 Typical Chromatogram

30.2.1 Using an appropriate tool, seal a series of 20-mlregulator with a delivery pressure adjusted at 20.7 Kpa (3 psi)
vials using perforated aluminum caps fitted with a TFE-to limit the overpressure built up in the vial. The regulator
fluorocarbon-faced butyl septum. Ensure that the lined side ishould be purged with calibrating gas mixture before proceed-
turned towards the inside of the vial and check that the vial ishg with 30.3.1.)
properly sealed by trying to turn the cap. If the cap is not 30.3.2 Place the vials inside the headspace sampler and
tightly fixed, repeat the process. These vials will be used tdegin the analysis using the instrumental conditions given in
perform 30.2.2 and 30.3. Table 4. In this specific case, the sample equilibration time at

30.2.2 Insert two 18G1 needles through the vial septum af0°C with shaking could be set at 5 min.
different peripheral locations, one to be used as the inlet gas 30.3.3 Plot the calibration curves by selecting the appropri-
and the other as the outlet gas. Purge each vial with argon ataie commands in the data acquisition software or any statistical
rate of about 2 L/min for at least 30 s. First remove the outlesoftware.
needle and then the inlet needle. (This sequence allows 30.3.4 Use alogbook to compile the values of the regression
pressure to build up inside the vial). These vials will be used irparametersy(= mx + b) and the correlation coefficient&).

30.4. Warning—For safety consideration, the argon cylinder The system should be recalibrated each day when analysis is
should be equipped with a two-stage regulator with a delivernpeing conducted or when the QA/QC program being used
pressure adjusted at 20.7 Kpa (3 psi) to limit the overpressurnadicates an abnormal situation attributed to calibration.

built up in the vial. The regulator should be purged with argon Note 14—Achieving calibration every working day ensures identical

before prO(_:eed_lng with 30'2_'2') . . ambient atmospheric pressure and temperature conditions when filling
30.3 Calibration—The calibration curves are obtained as poth the calibration vials and the sample vials. When a QA/QC program
follows: is used, the day-to-day variations in the ambient atmospheric pressure and

30.3.1 Insert two 18G1 needles through the vial septum dtboratory temperature are covered by the imposed limits of the control
different peripheral locations, one to be used as the calibratiogharts used for following the day-to-day performance of the system.
inlet gas and the other as the outlet gas. Purge one vial with 30.4 Analysis of Field Samplesintroduction of oil samples
each calibration gas mixture at a rate of about 2 L/min for afinto vials is performed using glass syringes fitted with three-
least 30 s. First remove the outlet needle and then the inlatay plastic stopcocks. The stopcocks used in these procedures
needle. (This sequence allows pressure to build up inside tHeave the characteristic that the handle always points toward the
vial.) The vial pressure is then equilibrated at the ambientlosed port leaving the other two ports connected together.
pressure by inserting a 26&needle for a very short period of Rotation of the valve handle is restricted so that interconnec-
time (1 to 2 s). Warning—For safety consideration, the tion of all three ports is impossible. When a stainless steel
calibrating gas cylinders should be equipped with a two-stagéottle or a flexible-sided metal can is used, an aliquot test

15



A0y D 3612 — 02
“afl

Specimen should be transferred into a 30-mL g|ass syringeTABLE 6 Partition coefficients of gases in Voltesso 35 at 70°C

fitted with a three-way stopcock prior to applying the proce- Gas K

dure. Any 30-mL glass syringe sample containing a large H, 0.074
bubble should be rejected. For the syringes containing a small 0 0.17
bubble (that is~0.05 mL), the operator should try to dissolve i o
the bubble by compressing the plunger into the barrel and co’ 012
agitating the gas by tipping the syringe up and down. (Note that CO, 1.02
a hemispherical bubble of 0.05 mL has a diameter of 5.8 mm &2 9%
when in contact with the glass surface of a syringe.) In the CoHe 2.09
event that it is not possible to dissolve a small bubble, the loss 23:6 g-g‘;

of a low solubility species may be estimated as indicated in the

. C4Hs 10.10
following note.

Note 15—Prior to proceeding with 30.4.1, the volume of a small . .
bubble is estimated by measuring the bubble’s diameter and converting lﬂave a slight effect on the value of some of these coefficients,

into a volume by taking into account the hemispherical distortion thatWhich may lead to a decrease in the accuracy of the dissolved
occurs when a bubble is in contact with a glass surface. After the analysgas analysis. The determination of the K’s in the oil being
of the dissolved gases, the concentration of a species in a bubble gonsidered and their use for the calculation of the concentra-
obtained by using Eq 17, whe(; is the concentration of a species in a tjgng may ensure maximum accuracy.

bubble in parts per millionK is the Ostwald solubility coefficient of the 31.2 Procedure—The equilibrium headspace-gas

speciesK;, 25°C, 760 mm Hg listed in 9.5)/; the estimated volume of . L. .
the bubble in millilitres,V, the volume of oil in the syringe in millilitres, chromatography/phase ratio variation test method is used to

andC,° is the concentration of the species in the oil obtained from Sectior@termine the gas-liquid partition coefficierts. This test
32 in parts per million. The volume of a species in the bubble inmethod, performed with the system assembly described in

microlitres is obtained by applying the concentration of the species in &ection 28, is based on the relationship between the partition
bubble over the estimated volume of the bubble. The concentration of goefficient and the phase ratio of the vial (ratio of volumes of
species loss by the qil in parts per million is then obtaingd by applyin_g theheadspace and sample phase). It comprises the following steps:
volgme of a species in the bL_Jbee over the volume of o_|I cor_ltamed_ln the 31.2.1 Successively collect at least ten 30-mL glass syringes
syringe. The resulting value is added to the value obtained in Section 3%.r0m equipment where all the gases of interest have been

30.4.1 Attach an 18G1 needle to the syringe stopcock.  detected in the oil. A 1-L dissolved-gas sample prepared in the

30.4.2 Insert the needle through the septum at a peripherg| in accordance with the procedure given in Annex A2 of Test
location other than for 30.2.2 of a purged vial, which will pethod D 3612 can also be used. In this case, ten aliquots of
release the argon overpressure. 30 mL are collected from the oil vessel using a 30-mL glass

30.4.3 Rotate the syringe valve handle a quarter turn angyringe. The oil samples should be equilibrated at the ambient
add about 5 mL of oil to the vial. Insert a second 26@eedle  |aporatory temperature to proceed with the following steps.
through the septum at a peripheral location other than 30.2.2 31 2.2 "Attach an 18G1 needle to the syringe plastic stop-
and 30.4.2 and fill the vial to about 10 mL. Remove the 26G qgck.
needle and fill the vial to exactly 15-mL by reading the volume 3123 Using twenty-five purged vials, prepare five of each
on the syringe barrel. Close the three—'vvay'valve by turni'ng thf the following volumes, 6, 8, 10, 12, and 14 mL, with the oil
handle back towards the syringe. This will allow the vial to contained in the 30-mL syringes and then calculate the corre-
equilibrate to atmospheric pressure through the side port of th@ponding phase ratio/g/V,). Introduce the oil samples into
valve. Finally, withdraw the syringe with its needle attached. the vials using the procedure described in 30.4.2 and 30.4.3;

30.4.4 Place the vials in the headspace sampler and begipte that for the oil volumes under 10 mL, there is no need to
the anaIySiS USing the instl’umenta| Conditions giVen in Table 4use a Second need'e for evacuating the Overpressure_ The

30.4:5 Process the r_esults by calculat?ng the_concentratiolgrecision is achieved o, by weighing each vial before and
levels in accordance with the procedure in Section 32. after the introduction of the oil volume and by converting the
31 Determination of Partition Coefficients weig'ht into volume by using the density of the oil at the

. . ) _ambient laboratory temperature.

31.1 The partition coefficients for the different gases being 312 4 Pplace the vials in the headspace sampler and begin
considered are listed in Table 6 at the analytical temperature Qfe analysis using the instrumental conditions given in Table 4.
70°C. They were established in the naphthenic Voltesso 35 oil 31 2 5 Optain the peak area of each gas under the different
with 12 % of aromatic carbon content (Test Method D 2140),hase ratios. Plot the data in a graph with the reciprocal of the
and a negative gassing tende_zncy (Test Method D 2300, Procgaak area as the-axis and the phase ratio as tHeaxis.
dure B, H, saturating gas). This set of coefficients may be used 31 2 6 From the regression analysis of these data, obtain the

for measuring fresh or aged oil as well as oil of differentsope and intercept. From these values, calculate the partition
compositions:* However, oil with a different composition may coefficient of the substanc& = intercept/slope.

4 “Dissolved Gas Analysis in Insulating Oils by Controlled Headspace Sampling  **“Determination of Gas-Liquid Partition Coefficients by Automatic Equilib-
Coupled with Capillary Gas Chromatography,” Gilbert, R., and JalbeRrdceed- rium Headspace—Gas Chromatography Utilizing the Phase Ratio Variation
ing of the 8" BEAMA International Electrical Insulating Conferenqep. 444-451, Method,” Ettre, L.S., Welter, C., and Kolb, BGhromatographiaVol 35, No. 1/2,
1998. pp. 73-84, 1993.
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Note 16—The highest accuracy on tlikevalue is obtained when the L
correlation coefficientR) of the regression line is better than 0.999. A % Gas content= ;1 Ch x 107 (21)
statistical approach for rejecting any outlier can be used to achieve a
correlation coefficient better than 0.999. % Gas content (7300+ 94 + 248+ 27 + 8 + 19+ 813+ 21

iy . - 9636+ 42123 107
31.2.7 Use these partition coefficients to calculate the initial " " 3

concentration of substance in the selected oil following the % Gas content= (60289 10°* = 6.0 %
procedure given in Section 32.

33. Report
32. Calculation 33.1 Report the following information:
32.1 The initial concentration of the substance in 6], is 33.1.1 Identification of oil sample,

Table 6. For instance, the hydrogen peak gives an area of 400033 1 3 \iplume concentration in the oil, for each component

counts, which corresponds to 10 ppm in accordance with th@as, expressed in parts per million at 0°C and 760 torr,
calibration curve that has been plotted. This corresponds to the 33 1 4 The total volume of gases in a given volume of oil

concentration of hydrogen in the gas phasg, The partition expressed as a percentage
coefficient K) of hydrogen at the equilibrium temperature is 33.1.5 The presence of s’izable bubble. and

0.074,Ve - 561 mL andv, =15 mL. Hence, in accordance 33.1.6 The test method, (for example, D 3612, Test Method
with Eq 17: C)

0 = 10 ppm(0.074+ 2™ _ 4 5 ppm (19)
- ' TmL” ™ 34. Precision and Bias
Note 17—In the previous example, it is assumed that the vial used is 34,1 A round robin is planned to determine the precision
from a batch with an estimated average volume of 20.61 mL in accordancgnd bias of this test method. An estimate of the repeatability of
with the procedure in 30.1. . L
. . _ this test method was obtained from one laboratory by perform-
The C{ obtained at the laboratory ambient pressigeand  ing the measurement of twelve 15-mL aliquot portions of a
temperaturél, are adjusted at 101.325 kPa (760 torr) and 273ample collected from an open-breathing transformer. The

K (0°C) by applying the following correction: results are given in Table 7. When the accuracy is estimated by
. . P, 273 one laboratory with dissolved-gas standards of different con-
CL(STP =G X 101.325° T, (20)  centration levels (10, 50, 100, and 175 ppm) prepared in

32.2 The total volume of gases in a given volume of oil, accordance with Annex A2 (noLand N, added), the results
expressed as a percentage, is obtained by the sum of tﬁgow tha'g it is possible to obtain an accuracy better than 10 %
individual gas concentrations expressed in parts per millionP€" constituent.

For instance, the concentrations obtained from Eq 20 fo, CO

CoHy, CHg, CHg, CHg, CH,, CO, H,, O,, and N, are 7300,  3°- Keywords

94, 248, 27, 8, 19, 813, 21, 9636, and 42123 ppm, respectively. 35.1 capillary columns; combustible gases; dissolved gases;
Hence, the total volume of gas: gases; headspace; insulating oil; oil; transformer oil
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TABLE 7 Interim Precision Statement for Repeatability for One Laboratory

Run H, 0, N, CH, co Cco, C,H, CoHe CoH, CaHg % Gas
#1 21 9636 42123 19 813 7300 248 27 94 8 6.0
#2 20 9727 42306 19 819 7332 248 27 91 9 6.1
#3 20 9906 43632 19 839 7382 251 29 88 9 6.2
#4 17 9847 43288 20 843 7566 262 30 91 9 6.2
#5 20 10303 44100 19 824 7165 242 27 83 9 6.3
#6 22 9483 43011 20 822 8170 281 33 94 9 6.2
#7 21 9831 42619 19 743 7615 262 30 86 9 6.1
#8 24 10588 45971 20 880 7736 264 31 87 9 6.6
#9 20 9865 42422 19 815 7629 262 28 85 9 6.1

#10 14 8964 38558 19 760 7477 266 31 86 9 5.6
#11 21 10636 45149 19 843 7461 255 30 83 9 6.5
#12 23 10612 50340 21 947 7818 261 29 88 9 7.0

Average 20 9950 43627 19 829 7554 258 29 88 9 6.2
sD 3 506 2792 1 52 270 10 2 4 0.3 0.3

RSD, % 13 5 6 4 6 4 4 6 4 3 5.4

ANNEXES

(Mandatory Information)

Al. PREPARATION OF SMALL QUANTITIES OF GAS-IN-OIL STANDARDS (Mandatory Information—Method B)

Al.1 Calibration Apparatus Al.2.4 Adjust the oil volume in the syringe to 50 mL by
holding the syringe vertically with the tip pointed upwards and

Al.1.1 Syringesfixed needle gas-tight, of suitable size, and. ) : .
a rubber slip-on septum. insert a slip-on septum on the tip of the syringe.

) le of ing th A1.2.5 Turn the syringe so that the tip is facing downward,
Al.1.2 Vacuum Pumping Systecapab EESO evacuating the 5, inject 1.0 mL of the high-concentration gas standard taken
glassware to an absolute pressure of 10° torr (130 mPa)

under known conditions of temperature and pressure into the

or lower. blank oil through the septum seal contained on the syringe
Al1.1.3 Erlenmeyer Vacuum Flaskl-L with a glass inlet valve. If the “high” gas standard is taken from a pressurized
tube, capable of being evacuated through a vacuum pumpontainer, the syringe should be filled to capacity and then
containing a PTFE-coated magnetic spin bar, and a magnetigllowed to bleed down slowly to atmospheric pressure before

stirrer. adjusting to the desired volume. Rapid decompression of a gas
Al.1.4 Gas-Tight Chromatography Syring2.0 mL. sample results in adiabatic cooling leading to an unknown
A1.1.5 Lab Bench Vacuum Pumpmall, attached to 6 in. temperature of the gas sample. Record ambient temperature
piece of vacuum tubing containing a needle end. and for use in calculating the concentration of the gas-in-oil
standard. The injection is performed using a 2.50 mL gas-tight
Al1.2 Procedure syringe.

) Al1.2.6 Shake the syringe with a back and forth motion,

Al.2.1 Using a 1-L Erlenmeyer flask attached by vacuumyhijle applying a slight positive pressure with the syringe
tubing to a mechanical vacuum pump, degas approximatelijarrel, until the bubble containing gas standard is completely
500 mL of clean oil by stirring the oil under vacuum with a gissolved. The use of a thin, flat washer can facilitate the
TFE-fluorocarbon stir bar and magnetic stirrer for approxi—stirrmg action and aid in homogenizing the sample.
mately 2 h, or until no more noticeable air is being drawn out A1 2.7 Determine the calculated concentration of the gases
of the oil. dissolved in the standard as follows:

Al.2.2 Rapidly transfer 75 mL of the “blank oil” from the

flask to a gas-tight pre-calibrated 100-mL syringe containing a Coi = Vsg(Pa! 760/(273/To) | VpoCogl 0 (AL1)
Luer lock valve, breaking vacuum with the same gas as theyhere:
carrier gas. Air can be used to break vacuum if there isC,; = calculated concentration of componérinh the oil,
sufficient oil to determine a baseline for oxygen, nitrogen, and ppm,
carbon dioxide for each syringe. Expel any bubbles that mightP, = ambient pressure when “high” gas standard
be present. sampled,

A1.2.3 Using the blank oil, determine the quantity of Ta = ambient temperature when “high” gas standard
remaining gases in the oil by analyzing an aliquot of the oil sampled,

= concentration of componenin the high concentra-
tion gas standard, %,
= volume of the high concentration gas standard, and

from the gas-tight syringe. The 75 mL initial volume provides “sgi
enough volume for this analysis to be repeated (in some case@
2 or 3 times) to ensure repeatable results. sg
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Vpo = Vvolume of the blank oil.

A2. PREPARATION OF LARGE QUANTITIES OF GAS-IN-OIL STANDARDS (Mandatory Information—Method B)

A2.1 Apparatus

A2.1.1 Oil Vessel(Fig. A2.1(a)), 5-L equipped with one
sidearm septum holder, two sidearm outlets, one egg-shap
TFE-fluorocarbon-coated stirring bar, a cork ring to support the
vessel, and a magnetic stirrer.

A2.1.2 Oil-Degassing SystertFig. A2.1(b)), consisting of
one 4-L oil reservoir, one 75-mL splash bulb, two high-vacuum
stopcocks, on@-type glass connector and a vacuum mechani-
cal pump.

A2.1.3 Mercury Displacement Systelfirig. A2.1(c)), to
compensate for oil volume variations, consisting of two
500-mL glass bulbs, two high-vacuum stopcocks, and one
Y-type glass connector. —

A2.1.4 Rigid Stands with clamps to secure the various (a) (b) (c) (d
elements, and a large plastic tank to contain accidental mercury Purging Needle and Valve with Oil
S.pi”S' Al ConneCti(.)nS betw_een the.se components are Orc? E\?ég;;%?:sp\lllgrugmiﬁ g)illnagzgrlgeﬁj:ed Pressure
high-vacuum oil resistant flexible tubing. () Final Syringe Position

A2.1.5 Gas-Injection SystelfiFig. A2.2), consisting of a set
of calibrated gas tight syringes of appropriate volumes, a
plastic three-way stopcock (standard medical type) modified to
minimize dead volumes by inserting pieces of 0.4 mm inside
diameter, 1.5 mm outside diameter steel tubing in the inner
branches of the barrel and syringe port (filling up with epoxy
resin where necessary), a 0.25-mm inside diameter side-port
“gas” injecting needle (10 cm long) to go through the rubber
septum into the oil vessel, gas cylinders containing the gases or
calibrated gas mixtures to be dissolved in the oil equipped with
the proper regulators and valves, a length of flexible tubing
connecting the cylinder to the stopcock. A 23-gage needle
pierced into this tubing to act as a leak, is connected to a water
bubbler to check the absence of back diffusion of air.

A2.1.6 Oil-Sampling SystenfFig. A2.3), consisting of a
19-gage oil-withdrawing needle (12 cm long), and glass
syringes of suitable capacity equipped with two three-way
plastic stopcocks.

Gas cylinder }

FIG. A2.2 Gas-Injection System

DN

‘_—%: Eﬂml...liul
—b

(a) (b) (c) (d)

(a) Starting Position

(b) Purging Needle, Valve, and Syringe Tip with Oil
(c) Filling Oil Syringe

(d) Removing Oil Syringe

FIG. A2.3 Oil-Sampling System

A2.2 Materials
A2.2.1 Approximately 1 L of clean mercury is needed.

() (b) ) Oil-contaminated mercury can be cleaned with pentane and
(@) Ol Vossel filtered through a finely pierced filter paper.
a) Ui vesse
(b) Set-Up for Degassing Ol A2.2.2 Gases(H,, O,, N,, CO, CQ, CH,, CH,, CHy,
(c) Set-Up for Injecting Gases and Sampling Oil C,Hg, and so forth) of technical purity, in pressure cylinders, or
FIG. A2.1 Apparatus a mixed commercially prepared primary standard of the gases
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of interest in appropriate concentrations. The primary standard A2.4.3.4 Switch stopcock 7 to the closed position (Fig.

should have each component prepared gravimetrically. A2.2(d)) and raise the mercury bulb above the oil vessel.
A2.2.3 High-Vacuum Greasdor stopcocks. Depending on the volume and solubility of the gas injected, it

A2.3 Preparation of Apparatus takes from a few minutes to several hours to dissolve com-
' pletely. As the gas dissolves, the mercury-oil interface resumes
A2.3.1 Clean all glassware thoroughly, first with detergentits original position.

then with a good solvent (methanol, for example), and dry. Pay a5 4 3 5 Repeat the same procedure with each of the gases

special attention to the sidearm septum holder. Secure t"FB be dissolved, changing the gas cylinder connection tube.
rupbea septulm and the flexible connections with pieces Of,gtead of adding individual gases, it may be convenient to use
twisted metal wire. calibrated gas mixtures. When all the gases have been injected,

A2.4 Procedure remove the gas needle stopcock 7.

A2.4.1 Degassing the Oi(Fig. A2.1(b)): A2.4.4 Removal of Oil Sample§ig. A2.3):

A2.4.1.1 Evacuate the splash bulb and the 5-L oil vessel by A2.4.4.1 When all the gases are dissolved, switch off the
opening stopcocks 2 and 4. stirrer. Attach two regular three-way stopcocks in the closed

A2.4.1.2 Fill the reservoir with oil, and allow oil to flow position to the oil withdrawing needle and push the needle
slowly through stopcock 3 in the 5-L oil vessel with stirrer on, through the rubber septum (Fig. A2ap(. With the mercury
until this vessel is full. Close stopcock 2 and remove thelevel up, switch the two three-way stopcocks to the draw-off
oil-degassing system. If the procedure is followed carefullyposition (Fig. A2.3)) to purge them with oil.

(filling time, about 4 h), the oil in the vessel will be virtually ~ A2.4.4.2 Attach an oil syringe and draw out a suitable

gas-free. _ _ _ volume of oil (Fig. A2.3€)). Then switch the two three-way
A2.4.2 Attaching the Mercury-Displacement Syst€Rig.  stopcocks to the closed position and remove the syringe
A2.1(c)): leaving the upper stopcock (Fig. A2d3). This oil sample is

A2.4.2.1 Turn the oil vessel to bring it into the position, ready for analysis.

shown in Fig. A2.1¢). Place a wet cloth over the oil vessel 10 a2 4 4.3 To remove several samples of oil, additional mer-

prevent its temperature from rising and attach the MEercUYs;ry may have to be introduced to the mercury bulb.
displacement system to stopcock 1. Introduce 750 mL o

mercury into the system so that the mercury level rises jus
above stopcock 6, then close the stopcock. From stopcock 5,
evacuate sections between stopcock 5 and 1. Open 6 to allowA2.5.1 Calculate the concentration of each dissolved 'gjas “
mercury to rise up to stopcocks 1 and 5 and then close stopco@é follows:

2.5 Calculation

5. Raise the left bulb so that the mercury level is slightly above V, .
the oil and open stopcock 1. Remove the wet cloth. Switch on C=yx10 (A2.1)
the stirrer.

A2.4.3 Injection of the GasefFig. A2.1(c) andFig. A2.2) ~ Where: _

Attach the modified three-way stopcock 7 (in the closed & = colncentre}tlon of gasi™, ppr(;], d 10 0°
position) to the gas-injecting needle. With the mercury level " Vlooti'gz oK%as I”, injected, mL., (corrected to 0°C
above the oil vessel, push the needle through the rubberseptur\p _ (exac.t vglumea)gi‘ oil in the 5-L oil flask. mL
into the oil (Fig. A2.1¢)). - R

A2.4.3.1 Open stopcock 7 to purge the needle and stopcoc _—
with oil, then close it (Fig. A2.2). Attach to stopcock the barrel'KZ'6 Reliability
of a gas-tight syringe of appropriate volume and the gas A2.6.1 The main error comes from the measurement of the
cylinder connection tubing (Fig. A2.B)). volume of gas injected/,which can be obtained with an

A2.4.3.2 Allow a gentle flow of gas to flush the barrel, thenaccuracy of 1% using calibrated gas-tight syringes. The
slowly push the plunger several times into the barrel, finallyvolume of oilV is obtained more accurately by weighing water
down to the volume of gas to be injected, making sure there ig the glass vessel. Correction for dead volume in the injection
continuous bubbling through the needle leak. needle and modified three-way stopcock (approximately 5 mL

A2.4.3.3 Switch stopcock 7 to the inject position (Fig. corresponding to 1 ppm in the dissolved state for the last gas
A2.2(c)), lower the mercury level below the needle tip, andinjected) can be made negligible by a last injection of air or
push the plunger to inject the gas volume into the oil. nitrogen. The expected overall accuracy therefore 1s%.
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APPENDIX
(Nonmandatory Information)

X1. PRECISION AND BIAS OF GAS RATIOS USED IN FAULT DIAGNOSIS IN OIL-INSULATED ELECTRICAL EQUIPMENT

X1.1 Hydrogen and low molecular weight hydrocarbonscalculated from the results of the interlaboratory test of D 3612
are formed in the decomposition of the much larger hydrocarA and B are given in Fig. X1.1. The valuesBf, S, ands; are
bon molecules that make up an insulating oil. The numericamuch the same for the two methods; typically 0.1 to +0.1, 0.1
values of ratios of these decomposition products are used in thg 0.15 and 0.01 to 0.04, respectively. (The database of ratios

diagnosis of the type of electrical or thermal fault leading tojs not |arge enough to support an estimate at the 95 %
their formation in malfunctioning electrical equipment. The confidence level.)

reproducibility, repeatability and bias of several ratios of gases

ASTM STANDARD TEST METHOD D3612 A & B INTER-LAB TEST RESULTS
DIAGNOSTIC GAS RATIOS - PRECISION & BIAS

q™ B — Ratio of results X* & (outliers omitted) from a single lab for two gases in a sample
q"B CHyHz CHe/CHy; CoHWJ/CoHe; CoHo/CoHy

Q" B — Average of ratios g™ ® of results of analyses of two gases in a sample

Q° - Ratio of nominal concentrations C° of two gases in a sample

B, B — Relative bias of "Q* B [Bo™ ® = (@*® - Q°)/Q°

S, B — Relative reproducibility of Q* B [S¢* B = StD* B of Q* ¥/Q* B

s¢" & - Relative repeatability [s,* ® = aver of StD* ® between duplicate q* */Q" ®]

Q° Range — Range over which Bo™ %, So* ® & so™ ® were determined

METHOD A
GAS RATIO | Q" Range By Sq Sq
CH4/H; 04-09 -0.06 0.14 0.04
C,He/CH4 06-1.2 -0.11 0.13 0.02
C2H4/CoHs 0.7-20 0.06 0.07 0.02
CoHy/CoH, 0.4-0.8 -0.01 0.13 0.03

‘ METHOD B
GAS RATIO Q" Range By Sq Sq
CHJ/H; 04-09 0.01 0.16* 0.04
C,He/CH,4 06—-1.2 0.02 0.17 0.01
CoHJ/CoHe 0.7-2.0 0.08 0.10 0.01
C,Ha/CoH,y 04-08 -0.12 0.11 0.02

FIG. X1.1

21




A0y D 3612 — 02
“afl

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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