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Standard Test Method for
Gassing of Electrical Insulating Liquids Under Electrical
Stress and lonization (Modified Pirelli Method) 1

This standard is issued under the fixed designation D 2300; 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 volume per unit of time from changes in pressure with time

1.1 This test method measures the rate at which gas OM two specimens run on the same sample.
electrical stress of sufficient intensity to cause ionization indas absorbing or gas evolving under the test conditions.
cells having specific geometries. e

, . . . . 4. Significance and Use

1.2 This test method is not concerned with bubbles arising 9 ] - ) ) o
from supersaturation of the insulating liquid. 4.1 For certain appllcatlo_ns Whe_n ms_ulatlng liquid is

1.3 This standard does not purport to address all of thesStressed at high voltage gradients, it is desirable to be able to
safety concemns, if any, associated with its use. It is th&letermine the rate of gas evolution or gas absorption under
responsibility of whoever uses this standard to consult angPecified test conditions. At present time correlation of such
establish appropriate safety and health practices and detertSt results with equipment performance is limited.
mine the applicability of regulatory limitations prior to use. 4.2 In this test method, hydrogen (along with low molecular

For specific precautions see 5.1.4 and 8.4. weight hydrocarbons) is generated by ionic bombardment of
some insulating liquid molecules and absorbed by chemical

2. Referenced Documents reaction with other insulating liquid molecules. The value
2.1 ASTM Standards: reported is the net effect of these two competing reactions. The

D 924 Test Method for Dissipation Factor (or Power Factor)@romatic molecules or unsaturated portions of molecules
and Relative Permittivity (Dielectric Constant) of Electri- Present in insulating liquids are largely responsible for the

cal Insulating Liquidd hydrogen-absorbing reactions. Both molecule type, as well as
concentration, affects the gassing tendency result. Saturated
3. Summary of Test Method? molecules tend to be gas evolving. The relation between

3.1 After being saturated with a gas (usually hydrogen), thewromaticity and quantity of unsaturates of the insulating liquid
insulating liquid is subjected to a radial electrical stress. Thend gassing tendency is an indirect one and cannot be used for
gas space above the insulating liquid film is ionized due to th@ quantitative assessment of either in the insulating liquid.
electrical stresses and therefore the insulating liquid surface at4-3 This test method measures the tendency of insulating
the insulating liquid-gas interface is subjected to ionic bomiquids to absorb or evolve gas under conditions of electrical

bardment. The evolving or absorbing of gas is calculated irStress and ionization based on the reaction with hydrogen, the
predominant gas in the partial discharge. For the test condi-

tions, the activating gas hydrogen, in contrast to other gases,
This test method is under the jurisdiction of ASTM Committee D27 on fOT example, mtrern: enhance; the dISCI’ImInat.IO.I’] of differ-
Electrical Insulating Liquids and Gasesand is the direct responsibility of Subcomences in the absorption-evolution patterns exhibited by the

mittee D27.050n Electrical Test. , __insulating liquids. Insulating liquids shown to have gas-
Current edition approved Oct. 10, 2000. Published December 2000. Originally, bsorbi h teristi in the test h b dt

published as D 2300 — 68 T. Last previous edition D 2300 — 98. absorbing (H) c arac erns I(_:S In the _eS ave h een used 1o
2 Annual Book of ASTM Standatdéol 10.03. advantage in reducing equipment failures, particularly cables

3The original Pirelli method is described by Guiseppe Palandri and Ugognd capacitors_ However, the advantage of such insulating

Pellagatti in the paper. “Gli Oli Isolanti per Cavi Elettrici” (Insulating Oils for |;~ i R i :
Electric Cables), Elettrotecnica (Milan) Jan. 8, 1955. Translation of this paper iS!IC]UIdS in transformers is not well defined and there has been

contained in “Minutes of the Meeting of the Insulated Conductors Committee of thd10 quantltatl\/_e r'elatlonshlp ?StabllShed between the gass!ng
American Institute of Electrical Engineers,” Nov. 15 and 16, 1955. tendency as indicated by this test method and the operating
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performance of the equipment. This test method is not con-

cerned with bubble evolution, which may arise from physical

processes associated with super-saturation of gases in oil or -
water vapor bubbles evolving from wet insulation.
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5. Apparatus 4 [ sopo. ¥ 24440 1

5.1 The apparatus for making gassing tests where the ‘ S s ‘—\ J 2
insulating liquid is saturated in the same cell that is used HfL
thereafter to electrically stress the insulating liquid is shown in -~ I A - 17— H—t~—20mm
Fig. 1. The apparatus consists of the following: £ ] T Fior30

5.1.1 Gassing Cell and Buret Assempfs shown in Fig. 1, g el el 60mm J
with dimensions as given in Fig. 2. The gassing cell consists of 8 g E r
the following two components: 8 %

5.1.1.1 Cell made of borosilicate glass with the part under 3 3 L Truebore 16 mm LD,
stress constructed of 16 mm inside diameter and 18 mm outside | (18 mm 0..)
diameter truebore tubing. This cell has an outer (ground) \L/ m
electrode of painted or plated silver with a vertical slit for N Lo 10 mm 0.
observing the insulating liquid level, and a metal conductor|g. 2 petailed Dimensions of the Glass Cell and the Inner (High-

band for ground connection. Voltage) Electrode
5.1.1.2 Hollow High-Voltage Electrodemade of 10 =

O.1—mm. outside diameter center—!ess-ground apq polished Na. ssing test cell assembly, and a thermometer graduated in

304 stainless steell seamlegs tubing and containing an 18_9&%. °C divisions. As the te’st is temperature sensitive, it is

stainless steel capillary tubing as a gas passage. The electrg eportant that the calibration is traceable to a standard éuch as

shall be supported and centered by a precision-machined 24/ ST ’

recessed TFE-fluorocarbon plug¥4in. needle valvel) with ' .

gas inlet is on top of the electrode. co?].t;ﬁt Ivrsrr]]shp;grr]ecél?:;ty Shieltb protect the operator from
5.1.2 Gas Buret(Fig. 1) made of 7-mm outside diameter . ) -

borosilicate glass tubing with an etched scale, tapered gla:%sS'l'5 High-Voltage Transformerproviding a test voltage

- . - aving a frequency in the range of 45 to 65 Hz. The
J(%;'t ;E()j f%rrggngrl]sggnbgurgsg](e Bgzis(;r(]:% cell, a bypass StOpCOCIfransformer and its controlling equipment shall be of such size

513 Oil Bath with thermostatic control to maintain the and design that with the test specimen in the circuit, the voltage
batﬁ ét test temperature0.5°C. The bath shall be equipped wave shape shall approximate a sinoid with both half cycles

with a stirrer, a heating arrangement capable of maintaining th éo%(ﬂysal&zterétgitr?)??v% s\ﬁta;]l?;c;rgpswvha”ge;asiz?;gnbe leoqual
necessary temperature control, a suitable support for thﬁv oA &) 0 9

_ 6. Reagents and Materials

* Suitable equi is avai ineeri
- Watertowncyu:\;lpAmgertl;sz.avanable from Doble Engineering Company, 85 Walnut 6.1 Hydrogen oxygen-free. See Note 1.

6.2 Dibutyl Phthalate reagent grade.

6.3 2-Propanol, reagent grade.

6.4 Low vapor pressure grease, such as high vacuum
silicone grease.

6.5 Unless otherwise indicated, it is intended that all re-
agents shall conform to the Committee on Analytical Reagents
of the American Chemical Society.

GAS SUPPLY T0 ATM?SPHERE

Note 1—Hydrogen normally is the saturating gas but other gases, such
as nitrogen, carbon dioxide, argon, or air may be used.

7. Preparation of Apparatus

7.1 Clean the glass cell by first rinsing it inside and outside
with a suitable hydrocarbon solvent such as heptane or other
solvent suitable for the dielectric liquid test tested. Then fill the
cell with the hydrocarbon solvent and scrub to remove waxy
deposits from previous tests. Clean the tapered joint, taking
care that none of the grease enters the cell. Again rinse with
hydrocarbon solvent and blow dry with clean compressed air.
Check the silver electrode and repair if necessary.

7.2 Clean the hollow electrode by blowing a suitable hy-
FIG. 1 Schematic Diagram of Cell and Manometer Assembly drocarbon solvent through the capillary tube with compressed
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air, rinsing the insulating liquid off the entire electrode with a 8.13 To ensure the equipment is operating correctly it is
suitable hydrocarbon solvent, such as heptane, and wiping ofecommended that the buret level be read every 10 min until
any waxy deposit with tissue paper. Polish the surface with &he test is terminated. A plot of the readings versus time should
2-propanol soaked towel. If there are visible marks on thegive a reasonably straight line. If the data are widely scattered,
stainless steel shaft of the electrode, they should be polishdtie equipment should be checked and the test rerun.

with a suitable device, such as a buffing wheel, wiping off the 8.14 For oils with very low gassing tendencies, it may be
bufiing compound carefully with tissue paper moistened with anecessary to stop the test to vent the manometer. The total gas

suitable hydrocarbon solvent such as heptane. absorbed is the sum of the gas absorbed before and after
7.3 Apply a light coat of low vapor pressure silicone greaseventing.
to the stopcock ) and the standard-taper jointY and 8.15 Repeat the procedure on a fresh test specimen, 8.1-

assemble the glass cell and buret, but do not insert the electrogel 3.
into the glass cell.

7.3.1 Caution: Do not allow silicone grease to contaminate 9. Calculation
the inside of the buret, gassing cell, electrode, or oil.

1 Calculate th i follows:
7.4 Fill the buret to the half-full mark with dibutyl phthalate, o+ Ca/culate the gassing tendency as follows

G = (Bgg— BoKIT
8. Procedure
where:

8.1 Introduce 5+ 0.1 mL of the insulating liquid sample g
into the glass cell by means of a hypodermic syringe. B
8.2 Lightly coat the TFE-fluorocarbon plug of the electrode B buret reading, mm, at 10 min of test,
with the test insulating liquid or low vapor pressure silicone K buret constant = uL/mm buret reading, (see Appen-
grease and insert the electrode into the glass cell. dix X2) and

Note 2—It has been found helpful to place a few drops of the test T = te.St time of c;omputed gassing rate,
insulating liquid on top of the TFE-fluorocarbon plug to act as a gas-seal. min =60 - 10 =50 min.
If there is a leak, use of the oil may help detect it through the appearance Note 4—This will result in an answer which will be positive ( + ) if gas
of gas bubbles at the top of the Teflon plug. is evolved, and negative (-) if gas is absorbed.

8.3 Bring t_he oil bath up to ?O_ C (fof some applications it 9.2 Take the average of the two values®fIf the average
may be desirable to use 60°C; in either case, report test

temperature as indicated in 10.1.1). Suspend the gassing ce lues are different by more than 0.3 + 0.26 |X|, then the test
and buret assembly in the oil bath at the level indicated in Fig?c’ ould be repeated. Where [X] is the absolute value of duplicate

1, and connect the lead from the outside electrode to grounéj_etermmatlons in mlcrol_lte_zrs per minute. Duplicate analyses
dre performed because it is difficult to detect when a problem

8.4 Attach the gas inlet and outlet connections. When usin% . . : .

. - - occeurs during a test. The equation to determine when duplicate
h_ydrogen, the gas outlet should lead outside the building, e'thearnalysis aregacceptable is %ased on general experiencez and is
d'rse%tl)éforstrt?]lég;o%ggéohgsg'open the valveE) to allow not derived from a round-robin program for this test method.
the saturating gas to bubble through the test insulating liqui 2'35?@ &pgegtcélé );iéo d:je?éi?r?éq? a?deselectncal stress for
and the buret liquid at a steady rate (about 3 bubbles/s) for 1 Y q :
min.

8.6 Open the stopcockD] and continue bubbling the 10. Report _
saturating gas through the test insulating liquid for an addi- 10.1 Report the following:

gassing tendency, puL/min,

50 buret reading, mm, at 60 min of test,
10

tional 5 min. 10.1.1 Test temperature,

8.7 After a total of 15 min of gas bubbling, close tfiest 10.1.2 Test voltage and frequency,
valve ) andthenthe stopcockD), making certain the liquid 10.1.3 Saturating gas,
levels in the two legs of the buret are equal. 10.1.4 Test period, and

8.8 Connect the high-voltage lead to the center electrode. 10.1.5 Average gassing rate in microlitres per minute.
8.9 Place the transparent safety shield in position and take
the buret reading after checking the bath temperature. 11. Precision and Bias

Note 3—To facilitate reading the buret, it has been found helpful to  11.1 Precision
illuminate the buret scale and to use a magnifying glass or a small optical 11.1.1 Reapeatability-Bata is being collected for repeat-
magnifying device. ability values based on data from one laboratory.

8.10 Turn on the high voltage and adjust to 10 kV. Record 11.1.2 Reproducibility—Fhe difference between two single
the time and voltage, as well as the buret level, and check thend independent results obtained by different operators work-
observation slit on the outer electrode for onset of the gassinigng in different laboratories on identical test material has not

reaction. been determined because there are insufficient laboratories to
8.11 After 10 min, record the buret level, voltage, and bathperform the analysis.
temperature. 11.2 No justifiable statement can be made on the bias of the

8.12 After an additional 50 min, again record the buretprocedure in the test method since there is no accepted material
level, voltage, and bath temperature, and turn off the voltagesuitable for reference in determining gassing tendency.
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12. Keywords

12.1 gas absorbing; gas evolving; gassing; insulating lig-
uids; insulating oils; ionization; Pirelli method

APPENDIXES
(Nonmandatory Information)

X1. CALCULATION OF ELECTRICAL STRESS

X1.1 The electrical stress on the insulating liquid in the cell d2 inner diameter of the outer g|ass Cy|inder, and

can be calculated as follows: ds diameter of the outer glass cylinder.
a _ 1 \% X1.1.1 K; can be measured as outlined in Test Method
¥ XKiIndfd, Indjd, D 924. For most insulating mineral oils, the dielectric constant
Ki Ka is approximately 2.2. For other insulating liquids, the dielectric
where: constant may be different and characteristic values should be
G, = stress, kv/cm, at distaneéin cm from axis of inner ~ used.
electrode, X1.1.2 K, can best be determined on samples of the glass
V= applied voltage, in kV, tubing by requesting such samples from the manufacturers of
K, = dielectric constant of insulating liquid, the cell when it is ordered. However, instead of an accurate
Ko = dielectric constant of glass cylinder, determination a value of 5.3 fdt, can be used with negligible
d, = diameter of the inner electrode, effect on the numerical value of the calculated electrical stress.

X2. DETERMINATION OF BURET CONSTANT FOR MANOMETER, K

X2.1 Clean the manometer by rinsing with heptane or other X2.5 Weight the manometer and contents and record the
suitable volatile hydrocarbon solvent. Dry in an oven at aboutveight asW.,. Record the scale readings for the lowe$) @nd
100°C for at least 2 hours. highest §,) points of the heptane column, reading the lowest

X2.2 Hold the manometer in an upright position using apomt of the meniscus.

moveable, light-weight stand. Prepare to add distilled water
using a syringe and needle attached to plastic tubing that fits
tightly over the needle. The diameter of the tubing should"
allow it to easily fit into the manometer.¥%: internal diameter (W, —W,)10*/ G
with a %32 outer diameter tubing has been found to be suitable. K= S
Push the plastic tubing into the manometer to the 7 cm mark
and add the distilled water to about 7 cm mark. Avoid wetting Where: . . .

the sides of the glass when the plastic tubing enters and ig = relative densﬂy (Th_e relative density of the solvent
removed from the glass tubing of the manometer. used at the calibration temperature).

X2.6 Calculate constark in pL/cm (unit scale reading)
sing the following:

X2.3 Weight of the manometer and water. Record the X2.7 Repeat the procedure X2.4 to X2.5 two times.
weight asW,. Retain the manometer in the upright position all
times to avoid wetting the sides. X2.8 Take the average of the three determinationdidf

the highest and lowest values determined Kodo not agree

X2.4 Add about 3 cm of heptane using a separate SYNNO&yithin 5 percent of each other discard the results and repeat the

tnueb(?gge and tubing again avoiding wetting the sides of the glasgrocedure.
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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).



