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INTERNATIONAL

Standard Test Method for
Gas Content (Nonacidic) of Insulating Liquids by
Displacement with Carbon Dioxide

This standard is issued under the fixed designation D 1827; 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 3.1.2 gas content by weightthe weight of gas contained in

1.1 This test method describes the determination of the ga&diven weight of liquid, usually expressed in parts per million.
content of electrical insulating liquids with a viscosity of 216 4. Summary of Test Method

cSt or less at 100°C. Any gas that is nonreactive with a strong i ) . . .
caustic solution may be determined. 4.1 This test method consists essentially of purging dis-

_ o solved gases from a small liquid test specimen with pure
Nore 1—The test method has a bias for samples containing gases otherhon dioxide gas. The dissolved gases are then carried into a

than oxygen and nitrogen in atmospheric ratios due to differentialgraduated buret (precision nitrometer) filled with a potassium

solubility effects. Gases which react with KOH such as carbon diOXidef}Fyd id uti f . t Th b
will not be measured. Unsaturated hydrocarbons such as acetylene, roxide solution for a precise measurement. e carbon

present, will react with KOH to a small degree and will result in an dioxide is completely absorbed_ by the potassium hydroxide
underestimation of the total gas present. and the volume of other gases is measured.

1.2 This standard does not purport to address all of theg Significance and Use
safety concerns, if any, associated with its use. It is the 51 Electrical insulating liquids. i licati
responsibility of the user of this standard to establish appro-_ - ectrical insufating liquids, in many applications, re-

priate safety and health practices and determine the applicagu're. low gas content. This is the case.wnh capacitors and
bility of regulatory limitations prior to use certain types of cable, for example. This test is used as a

factory control test and as a control and functional test in
2. Referenced Documents installation and maintenance work by utilities. This test re-
21 ASTM Standards: quires care in manipulation and trained, careful personnel.

D 831 Test Method for Gas Content of Cable and Capacitog - apparatus (see Fig. 1)
Oils? ' '

D 923 Practices for Sampling Electrical Insulating Ligdids

D 1193 Specification of Reagent Water

D 3613 Practice for Insulating Liquids for Gas Analysis and
Determination of Water Conteht

6.1 Precision Nitrometer(azotometey, A, with a calibrated
capacity of 1.5 mL and calibrated in 0.01-mL divisions.
Nitrometers shall have individual calibration correction tables
that give the correct volume for each 0.01-mL point on the
scale when a 40 % aqueous potassium hydroxide solution is
3. Terminology used. The gas inlet shall consist of a 12/2 socket joint. The

3.1 Definitions of Terms Specific to This Standard: nitrometer shal_l be provided with a quujd leveling bl.“h’ of
3.1.1 gas content by volumeof an insulating liquid, the 125-mL capacity. F\_’ubber stoppetts, with a_short piece of
volume of gas contained in a given volume of liquid. It is g!ass capillary tubing, should be placed in the top of the

usually expressed as a percentage at standard atmosphéi'igometer and the leveling bulB, to prevent spattering of the
K

Pt o H solution.
conditions of 760 mm Hg pressure and 0°C temperature. ) .
gp P 6.2 Permanent Magnet and Steel Withe small steel wire,

suitably consisting of &s-in. (10-mm) length of paper clip,
1 This test method is under the jurisdiction of ASTM Committee D27 on shall be placed inside the nitrometer for manlpma‘t'on by the
Electrical Insulating Liquids and Gasesand is the direct responsibility of SubcomSmall external permanent magnet.
mittee D27.03on Physical Tests. 6.3 Pregl-Type Micro StopcoglC, to allow delivery of gas
Current edition approved Aug. 15, 1992. Published October 1992. Originallyto nitrometer or venting the gas to the atmosphere. This
published as D 1827 — 61 T. Last previous edition D 1827 — 84. K . . L.
2 Annual Book of ASTM Standardéol 10.03. stopcock shall be provided with a 12/2 ball joint at the exit side

3 Annual Book of ASTM Standardgol 11.01. and a 12/2 socket joint at the inlet side.
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FIG. 1 Semimicro Apparatus for Determination of Gas Content of Insulating Liquids

6.4 Elbow Adapter, D consisting of a 12/2 ball joint and 6.9 Ball-and-Socket Clampsize 12, for tightly securing all
having a drawn-down tip suitable for insertion in a small holejoints to prevent leakage.
in the rubber stoppekE. 6.10 Two-Way Stopcock, Hitted to the inlet side of the

6.5 Stopper, Eof oil-resistant rubber, cut to fit the sample- purging chamber and having a 12/2 socket joint. The single-
purging chamberfF, and provided with two small holes to tube end of the stopcock shall be connected to the low-pressure
allow tight fitting of the elbow adapteD, and sample delivery carbon dioxide supply to control the entry of this gas to the
tube, G. apparatus.

6.6 Sample-Purging Chamber,, Rvith a 10-mm diameter 6.11 Low-Pressure Sourcef very pure carbon dioxide
fritted-glass diskL, of medium porosity and a capacity of 15 (CO,) gas.? If gas of sufficient purity is not available, one of
mL above the disk for 10-mL test specimens, or with a 25-mnthe following mechanisms utilizing solid C&hall be used:
diameter fritted glass disk of medium porosity and a capacity 6.11.1 A high-pressure cylinder having an opening large
of 75 mL above the disk for 50-mL test specimens. The gagnough to insert pieces of solid G@nd capable of withstand-
inlet shall be cut straight to fit the stoppEt,A flexible heating  ing 800 to 1000 psi (5.5 to 7 MPa) pressure when the solid
tape, wrapped around the purging chamber, is necessary fevaporates. The cylinder should be provided with a pressure-
holding constant temperature when test specimens are purgeeduction valve capable of delivering gas at a gage pressure as
at temperatures in excess of room temperature. low as 3 to 5 psi (20 to 34 kPa). A pressure-relief valve set at

6.7 Sample Delivery Tube, Gnade of a length o¥ie-in.  about 1200 psi (8 MPa) should be included, and care should be
(1.6-mm) inside diameter stainless steel tubing, tightly inserteéxercised to limit the quantity of solid COplaced in the
into one of the holes in the stoppét, and extending to the cylinder due to the greater volume occupied by the gas.
fritted-glass filter. A small syringe stopcock shall be solderedto 6.11.2 A vacuum bottle that can be charged with solid,CO
permit the delivery of an accurate volume of liquid and The bottle may be closed with a large rubber stopper fitted with
subsequent sealing of the purging chamber. a pressure-bleed regulator, a mercury relief valve, a nichrome

6.8 Sampling Deviceconsisting of a calibrated glass medi- heating element, and a gas delivery tube to the apparatus.
cal syringe fitted with a syringe stopcock for sealing of the test
specimen during transfer or storage. The syringe for 10-mL test———
specimens shall have a calibrated capacity of 10 mL, and for “Cylinders of 99.99 % minimum purity liquified carbon dioxide fitted with two
50-mL test specimens, a calibrated capacity of 50 mL. It Sha%tage regula}or with stainless" steel diaphr_agms have been found satisfactory.

. . L . ylinders of “Instrument Grade” carbon dioxide and regulators (Model No. 18-5,
be Capable of accurately dellverlng a |IC]UId volume within theCGA 320) may be obtained from BOC Gases Customer Service Center, 100
accuracy required for the method. Corporate Drive, Lebanon, NJ 08833.
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6.11.3 A 12-qt (12-L) aluminum pressure cooker that can bdor obtaining samples in the field. This sample container has
charged with solid CQ It should be fitted with a suitable been found satisfactory for storing oil samples with a low gas
pressure-relief device and gas delivery tube. A minimum lengtltontent for a week or more. Transfer the test specimen to the
of heavy-wall rubber or plastic tubing should be used insample delivery tube of the measuring apparatus with a
connecting the source of G@as to the purging chamber. syringe.

6.12 All glass shall be heat- and chemical-resistant. Capil- ,
lary tubing should be used wherever possible to minimize thé- Preparation of Apparatus
amount of purging necessary to remove air from the apparatus. 9.1 Fill the bottom portion of the nitromete#, with

6.13 An auxiliary source of vacuum, with trap, to facilitate mercury to a point about 5 to 7 mm above the gas entry

removal of spent test specimen, is optional. capillary. The mercury acts as a valve to allow the gas to
bubble into the buret and also to prevent the KOH solution
7. Reagents and Materials from flowing into the system due to gravity. Place¥ain.

7.1 Purity of Reagents-Use reagent grade chemicals in all (10-mm) piece of steel wire on the mercury. _
tests. Unless otherwise indicated, it is intended that all reagents 9-2 Open stopcocl and add KOH solution to the leveling
conform to the specifications of the Committee on Analyticalbulb, B, until there are 20 or 30 mm of KOH solution above the
Reagents of the American Chemical Society, where suchtopcockd, with the solution in the leveling bulb at the same
specifications are availabfeOther grades may be used, pro- level. Remove all bubbles from the nitrometer, using the steel
vided it is first ascertained that the reagent is of sufficientlywire and magnet. _
high purity to permit its use without lessening the accuracy of 9.3 The system must be kept completely leak-free, since
the determination. even small leaks allow diffusion of air into the apparatus and
7.2 Purity of Water—Unless otherwise indicated, referencescause indeterminate errors. Leakage can easily be detected in
to water shall be understood to mean reagent water as definée purging operation. If leakage occurs, check all joints and
by Type Ill of Specification D 1193. connections. Carbon dioxide of insufficient purity has the same
7.3 Carbon Dioxide(CO,)—Solid carbon dioxide (dry ice) effect as leaks.
for producing CQ of high purity.

7.4 Potassium Hydroxide Solutiq@d0 %)—Dissolve 572 g 10. Procedure

of potassium hydroxide (KOH) in water and dilute to 1 L. 10.1 Close stopcocH, adjust stopcoclC to allow gas to
7.5 Stopcock Greasehat is resistant to KOH and the oil flow from the purging chamber to the atmosphere, and turn
sample. stopcockH to the vent position. Connect the syringe to the
sample delivery tubeG, flush with 1 to 2 mL of the sample,
8. Sampling and close the syringe or delivery tube stopcock. Reverse

topcockH slowly, and flush the purging chamber with for

8.1 When convenient, connect the sample delivery tube olzt 5 min. Divert th into the nit i ith st K
the measuring apparatus directly to the container from whic 0> min. Divert the gas into the nitrometer with opg@
nd allow it to flow for 10 to 15 s. If gas bubbles continue to

the liquid is to be sampled. This is usually not convenient and . . _
se to the top of the nitrometer, again flush the purging

is often i ible. Th h i in 8.2 .
Irsegotrﬁr%lerr?ggzsébstherﬁa{ir\]gs ods described in 8.2 to 8.5 arghamber. After completion of the purging, gas bubbles should

8.2 For sampling liquid at or below the gas saturation oint,con.tinue to form just abpve thg mercury in the nitrometer and
ping 19 g P pidly decrease to micro size near the top of the KOH

a syringe and stopcock may be used in accordance witlfP'%! .
Pragticg D 3613 P y solution, but there should not be sufficient unabsorbed gas to

gwer the level of the solution. If this condition does not exist,
jther repeat purging or replace the spent solution until no
ange is noted.

8.3 For liquids that are sampled under pressure or that a|J
supersaturated with a gas, follow the same procedure
described in 8.2, except that after sealing off the sample g . . . )
pressure device is required to maintain a solution of the gas in 10.2 Make certain that the nitrometer is completely filled

the liquid. Any spring mechanism that can be built around thé"'t')th KOtH soluélon,dtrtlsttt[lheretare ZC?(.tO |30 rg.rr}[hof SIOIUt'On
syringe is suitable, and the tension required will depend upo ove stopcock, and that t€ SIopcocxis closed, then lower
the pressure required to maintain solution. the leveling bulb to about the center of the calibrated portion of

8.4 Use 10 mL test specimens, except where it is desirabge nitrometer. Close stopco€k ventH, open the stopcocks

to increase the precision of the test. On samples having a g gtween the syringe and purging chamEe_land mtroduce_ a
content of 1% or less, 25 to 50-mL test specimens ar easured test specimen of liquid. Ten-millilitre test specimens
desirable ' ave been found satisfactory for oils with a gas content of 1 %

8.5 The sample container and method for sampling liquid<’ MOre: For liquids with a gas content of less than 1 %, the use
for the determination of gas content in Test Methods D 831 an f 50-mL samples will increase the precision by a factor of 5.

Practice D 3613 have been found satisfactory and convenie lhe introduction of test specimgns of the more viscqus liquids
may be accelerated by preheating the sampling device to some

known temperature from 40 to 100°C. Record the temperature
and volume or weight of the liquid test specimen.

5 “Reagent Chemicals, American Chemical Society Specifications,” Am. Chemi-
cal Soc., Washington, DC. For suggestions on the testing not listed by the American 10.3 Close StOpCOCG, then open StOpCOCk@ and H to

Chemical Society, see “Reagent Chemicals and Standards,” by Joseph Rosin, D. VQ“.IOW CQ, to bubble through the Sample into the rylltrometer
Nostrand Co., Inc., New York, NY, and the “United States Pharmacopeia.” with 1 to 5 bubbles a second in the nitrometer. Initially, the



Ay D 1827 - 92 (2002)

CO, may rapidly dissolve in the liquid and no bubbles will 11.1.2 Calculate the liquid volume at standard temperature

appear in the nitrometer, but in time the gas bubbles will begir{Kelvin), V¢ as follows:

to appear. Purging the test specimens requires about 10 min, or Vie =V, — V|(T, — T

more for higher viscosity liquids, and the end point is reached

when the dissolved gases are completely removed and only

micro bubbles appear at the top of the nitrometer. The purgingvhere: o

of the higher viscosity liquids may be accelerated by maintain-¥i = Volume of liquid tested (Note 3),

ing the purging chamber at some temperature between 40 ands = Standard reference temperature, K, (273 K unless

100°C. This temperature need not be accurately controlled. otherwise specified) . o

When the volume of gas in the nitrometer shows no further® = coeflicient of expansion, per degree Kelvin, of liquid

change, vent stopcock8 and H to the atmosphere. Make “'?der tes_t. A typical value of 0.007/K can be used for

certain that all of the gas is above the KOH solution in the mineral oil.

nitrometer, using the magnet and steel wire if necessary. Note 3—Tables of vapor pressure can be found in the CRC Hand-
10.4 After allowing sufficient time for drainage of the book®

nitrometer, hold the liquid in the leveling bulb at the level of 11.1.3 Calculate the volume percent gas content under

the liquid in the nitrometer column, and read and record thestandard conditions as follows:

volume of gas in the nitrometer to the nearest 0.005 mL.
10.5 Run a blank test immediately after completing the

sample analysis, for an equivalent _period of time. _This blank 11 1.4 calculate the gas content on a parts per million by

measgrement_of gas volume constitutes a correction foy ,CQNeight basis as follows:

impurities, which will be subtracted from the primary reading

Gas content, volume % (V{/V,;) X 100

noted in 10.4. Gas content, ppm by weight [(Vs X Dg)/W] X 1°

10.6 Record the ambient temperature in degrees Celsius anghere:
the barometric pressure in millimetres of mercury. V. = volume of gas defined in 11.1.1,

10.7 With stopcoclC vented to the atmosphere, remove the Dy = density of the gas at standard conditiofls, P,
test specimen from the purging chambegt, either with a (air=1.293x 10~ *g/mL at 0 C, 760 mm).

syringe or the auxiliary vacuum trap. Stopcoekshould be W, = weight of liquid.

closed during this procedure. Note 4—The density of gases at other temperatures may be found in

the CRC HandbooR.
11. Calculation
oo 2. Report
11.1 Express the gas content of the liquid at standar& P

temperature and pressure. The value can be expressed either off2-1 Report the following:

a volume percent or parts per million basis. gi; me tvolume ?r weifq[?lt cif tTe tes; speccimt_an testeq,
11.1.1 Calculate the volume of gag,, in millilitres cor- and o € temperature ot the fest specimen during purging,

rected to 760 mm and 0°C, as follows: 12.1.3 Gas content of the test specimen, in volume percent,

Vs = [(Va = Vo) X (P, — 0.65P,) X TJ/(Ps X Ty) or parts per million by weight.
] 13. Precision and Bias
where: -
V, = actual volume of gas collected during test specimen 13.1 Precision
run, to the nearest 0.005 mL, 13.1.1 The repeatability of this test method has not been
V. = volume of gas collected during blank run, to the determined.
nearest 0.005 mL, 13.1.2 The reproducibility of the test method§.05 of the
P, = atmospheric pressure at time of analysis, mm of gas content by volume for a sample containing 0.10 to 15.0 %
mercury, gas by volume, if care is used in delivery of the sample, and if
P, = Vapor pressure of pure water at the temperature athe same sample is compared by different, experienced opera-
which V, is measured, tors.
T, = standard reference temperature 273 K, unless other- 13.2 Bias—Since there is no accepted reference material
wise specified, suitable for determining the bias for the procedure in Test
P, = stan)dardOI reference pressure, mm of mercury (760Method D 1827, no statement on bias can be made.
mm), an
T, = temperature, at whichV, was measured, K 14. Keywords
(273 +°C). 14.1 carbon dioxide; dissolved gases; gas content; insulat-

Note 2—The vapor pressure of water in a 40 % potassium hydroxideIng liquids
solution is about 65 % of that of pure water. Therefore, when the
correction to total pressure for the vapor pressure of the potassium——7m7m— M

hydroxide solution is made, the vapor pressure of the water is multiplied ¢ CRC Handbook of Chemistry and Physissavailable from CRC Press, Boca
by 0.65. Raton, FL.
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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).



