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INTERNATIONAL

Standard Test Method for
Interfacial Tension of Oil Against Water by the Ring Method 1

This standard is issued under the fixed designation D 971; 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.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope value for new mineral insulating oil indicates the absence of

1.1 This test method covers the measurement of the intef0St undesirable polar contaminants. The test is frequently
facial tension between mineral oil and water, under non@pplied to service-aged oils as an indication of the degree of
equilibrium conditions. deterioration.

1.2 This standar_d does not purport to address all o_f the5' Apparatus (Figs. 1 and 2)
safety concerns, if any, associated with its use. It is the . ,
responsibility of the user of this standard to establish appro- -1 Tensiometét—Force measurement on the tensiometer

priate safety and health practices and determine the applicaay P& made using a torsion wire, load cell, or any other means
bility of regulatory limitations prior to use. of linearly determining tension in the range of 0 to 100 mN/m.

5.1.1 Horizontal platform to hold the sample container

2. Referenced Documents should be capable of movement upward or downward using a
2.1 ASTM Standards: mechanical screw, lever mechanism, electronic drive, or any
D 117 Guide to Test Methods and Specifications for ElecOthér means of precisely changing vertical position of the

trical Insulating Oils of Petroleum Origin sample. _ . o
D 923 Test Method for Sampling Electrical Insulating Lig-  5-2 Rings made of platinum or platinum-iridium alloy may
uid< be used. The ring should be welded into a continuous circle and

D 2285 Test Method for Interfacial Tension of Electrical attached to at least two parallel stirrups. Circumference of the
Insulating Oils of Petroleum Origin Against Water by the N9 should be minimum 40 mm and diameter of the ring wire

Drop-Weight Method should be about 0.3 mm. Ratio of the ring major radRjsand
the wire radius ) should be known R/r) to at least three
3. Summary of Test Method significant figures. Stirrups should be at least 25 mm long.

3.1 Interfacial Tensionis determined by measuring the 5.2.1 The ring may be suspended from or rigidly fixed into
force necessary to detach a planar ring of platinum wire fronthe tensiometer force_ measuring system. o
the surface of the liquid of higher surface tension, that is, .3 Sample Containe+Glass beaker or clear cylindrical
upward from the water-oil interface. To calculate the interfacialcontainer having a minimum diameter of 45 mm.
tension, the force so measured is corrected by an empiricallg Reagents
determined factor which depends upon the force applied, the’ ) .
densities of both oil and water, and the dimensions of the ring. 6.1 Purity of Reagents-Reagent grade chemicals shall be

Measurements are made under rigidly standardized nonequised in the test. o

librium conditions in which the measurement is completed 6.2 Purity of Water—Unless otherwise indicated, references

within 60 s after formation of the interface. to water shall be understood to mean distilled water or water of
equal purity.

4. Significance and Use

. . L 4
4.1 Interfacial tension measurements on electrical insulating _ S
oils provide a sensitive means of detecting small amounts of /-1 Glass containers can be cleaned by rinsing in xylene,
soluble polar contaminants and products of oxidation. A higth€xane or another suitable hydrocarbon solvent, followed by a
rinse in acetone or methyl ethyl ketone. Following these rinses
they can be cleaned using detergent in hot water and rinsed
thoroughly with tap and then distilled water. Dry the glass
1 This test method is under the jurisdiction of ASTM Committee D-27 on yessel if not for immediate use.
Electrical Insulating Liquids and Gases and is the direct responsibility of Subcom-
mittee D27.07 on Physical Test.
Current edition approved Oct. 10, 1999. Published December 1999. Originally ————————
published as D 971 — 48 T. Last previous edition D 971 — 99. 3 Tensiometers that use the Du Nouy principle for measuring interfacial and
2 Annual Book of ASTM Standardgol 10.03. surface tension should be used.

. Preparation of Apparatus
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FIG. 2 Top View of Interfacial Tensiometer

barely glow orange and should be heated for no more than 5 s.
Clean the ring immediately before each measurement.

7.3 The tensiometer should be leveled by placing a bubble
level device on the sample platform, if not equipped with one,
and adjusting the tensiometer base until the platform is level.

8. Calibration of Apparatus

8.1 Calibrate the tensiometer against known weights and
adjust its zero point according to the procedure of its manu-
facturer. Make certain that all portions of the ring are in the
same horizontal plane.

9. Procedure

9.1 Preparation of Test Specimens

9.1.1 Obtain a representative test specimen of liquid, at least
25 mL, to be studied in accordance with Test Method D 923.

9.1.2 Obtain a fresh aliquot of distilled water (50 to 75 mL)
for interfacial tension measurements.

9.1.3 Test specimens should be covered, capped, or sealed
immediately after they are obtained. Atmospheric dust and
vapor can easily contaminate water, as can the growth of
bacteria. Store test specimen in the dark at ambient tempera-
ture.

9.2 Determination of Test Specimen Density

9.2.1 Determine test specimen density at23°C using a
liquid pycnometer or other density measuring device to
+0.001 g/cm.

9.3 Interfacial Tension Measurement

9.3.1 Introduce distilled water at a temperature of-25°C
into a clean sample container to a depth of 10 to 15 mm. Place
it on the tensiometer platform so that the ring comes down in
the center of the container and is not close to any wall. Make
sure no foam is present at the water surface. If foam is visible,
discard the water. Foam indicates that the water is contami-
nated or that the vessel is not clean.

9.3.2 Clean the ring and mount it in the tensiometer. Follow
the manufacturer’s instructions on zeroing the ring in air.

9.3.3 Raise the platform until the ring is immersed to a
depth not to exceed 6 mm into the water.

9.3.4 Slowly lower the platform and follow the manufactur-
er's instructions on how to adjust the tensiometer reading.
Increase torque on the reading dial while maintaining the
torsion arm in the zero position. As the film of liquid adhering
to the ring approaches the breaking point, proceed slowly with
adjustments. This will ensure that the torsion beam will be in
the zero position when rupture occurs. Rupture the surface by
continuing to increase the force and lowering the vessel.
Record the reading when rupture occurs.

9.3.5 Surface tension is calculated as described in 10.2,
using the value 0.997 g/chfior (D-d), the difference in density
between water and air. A value of 71-73 mN/m must be
obtained. If low values are found, clean and rinse the sample
container thoroughly and obtain a fresh sample of water from

7.2 The ring should be cleaned by immersing it in a smally different source of supply. If low surface tension values are
container of xylene, hexane or another suitable hydrocarbosiill obtained, check calibration of the tensiometer and examine
solvent for at leas5 s while spinning the ring back and forth. the ring to ensure the plane of the ring is parallel to the water
Next, repeat this rinse using a container filled with acetone ogurface.
methyl ethyl ketone. Flame the ring in a gas flame, again 9.3.6 Carefully layer the oil on the surface of the water (with
spinning it to obtain rapid, uniform heating. The ring shouldthe ring submerged) until a depth of at least 10 mm is reached.
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One such procedure is to pipette the oil onto the surface slowlyyhere:

so that minimum mixing occurs and so that oil does not touchp = scale reading, mN/m,
the surface of the submerged ring. Make sure that the oil is noC = circumference of ring, mm,
so deep as to cover the ring cross bar. D = density of water at 25°C, g/mL,
9.3.7 Allow the oil-water interface to age for 31 s after ~d = density of test specimen at 25°C, g/mL,
the last of the oil has been layered onto the water. R = radius of ring, mm, and

9.3.8 Lower the platform as in 9.3.4 and record the value atf radius of wire of ring, mm.

rupture. Time this part of the measurement so that, as nearly as

possible, 30 s are required to draw the ring through thell. Report

interface. Proceed very slowly as the breaking point is ap- 11.1 Report the following information:
proached, since the break is usually sluggish (due to viscosity 11 1.1 |dentification of test specimen,
of the oil). Complete the entire operation, from the time of
pouring the oil onto the water until the interface ruptures, in
about 60+ 10 s.

11.1.2 Density used for calculations (water and test speci-
men), and

11.1.3 Test method used and interfacial tension in mN/m.
10. Calculation

10.1 Calculate the interfacial tension of the sample byl2- Precision and Bias

means of the following equation; 12.1 The following criteria should be used for judging the
Interfacial tension, mN/m= P X F acceptability of results (95 % confidence).

12.2 Repeatability— The difference between successive test
results obtained by the same operator with the same apparatus
under constant operating conditions on identical test material
would, in the long run, in the normal and correct operation of
the test method, exceed the following values only in one case

Note 1—If the scale is not graduated in millinewtons per metre, or if in twenty: 0.04X , whereX denotes mean value.
either the ring or the platinum wire are of different diameters than those 12 2 1 Reproducibility— The difference between two single
for which the scale is graduat_ed, correct the scale readings to m|II|neWton§nd independent results, obtained by different operators work-
per metre for the particular ring used. ing identical test material would, in the long run, in the normal

10.2 Using the value of diameter ratilr, specified by the  and correct operation of the test method, exceed the following

manufacturer for the rings used, prepare a gtattorrection  values only in one case in twenty: 0.30, whereX denotes
factors, F, by means of the following equation; the graph mean value.

where:

P = scale reading when film ruptures, mN/m (Note 1), and

F = factor converting scale reading in mN/m to interfacial
tension obtained as described in 10.2.

should cover even increments Bf(D - d) from 0 to 800 and 12.3 Bias—There being no criteria for measuring bias in
should give correction factors to three digits: these test-product combinations, no statement of bias can be
F =0.7250+ 1458 + 0.04534 1.679 made.
o cCip-d RIr
13. Keywords
“For a description of procedure, see Zuidema and Wateystrial and 13.1 ipterfacial tension; surface tension; tensiometer; trans-
Engineering ChemistrnyAnalytical Edition, IENAA, Vol 13, 1941, p. 312. former oil
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