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INTERNATIONAL STANDARD ©1SO

ISO 9120:1997(E)

Petroleum and related products — Determination of air-release
properties of steam turbine and other oils — Impinger method

WARNING — The use of this International Standard may involve hazardous materials, operations and
equipment. This International Standard does not purport to address all of the safety problems associated
with its use. It is the responsibility of the user of this International Standard to establish appropriate safety

and health

1 Scope

This Intern

practices and determine the applicability of regulatory limitations prior to use.

htional Standard specifies a method for the estimation of the ability of a petreleum-type ste

to be sepatated from entrained air.

NOTES

1 The impiphger method described in this International Standard is used for determining the air-release ability of

Air bubbles
ranking oils

2 Agitation
a dispersion
rise to the o
maintain oil
system perf

3 This test

Hispersed in the oil influence the compressibility and can cause malftnctions. This method may nof
n applications where residence times are short and gas contents\high.

of lubricating oil with air in equipment such as bearings, couplings, gears, pumps and oil return line
of finely divided air bubbles in the oil. If the residence timecin the reservoir is too short to allow thg
| surface, a mixture of air and oil will circulate through the lubricating oil system. This may result i
pressure (particularly with centrifugal pumps), incoemplete oil films in bearings and gears, and
rmance or failure.

measures the time for the entrained air cantent to fall to the relatively low value of 0,2 %

standardizeq set of test conditions, and hence permits_the comparison of the ability of oils to separate entr.

conditions W
and lack of
design and

here a separation time is available. Altheugh the significance of the test results is not fully establish
Sensitivity of the control systems of some’ turbines may be related to the air release properties of
ystem pressure are other variables.

4 For the purposes of this International /Standard, the expression “%(V/V)" is used to represent the volur

material.

2 Normative references

The follow

ng standards<contain provisions which, through reference in this text, constitute prov

Internation

| Standafds. At the time of publication, the editions indicated were valid. All standards

revision, ahd parties to agreements based on this International Standard are encouraged to in
possibility ¢f apgplying the most recent editions of the standards indicated below. Members of IEC and
registers of| currently valid International Standards.

am turbine oil

the oils tested.
be suitable for

5, may produce
e air bubbles to
N an inability to
poor hydraulic

(WV) under a
hined air under
ed, sponginess
the oil. System

e fraction of a

isions of this
are subject to
vestigate the
ISO maintain

ISO 3170:1988, Petroleum liquids — Manual sampling.

ISO 3696:1987, Water for analytical laboratory use — Specification and test methods.

ISO 4259:1992, Petroleum products — Determination and application of precision data in relation to methods of

test.

ISO 6353-2:1983, Reagents for chemical analysis — Part 2: Specifications — First series.

ISO 6353-3:1987, Reagents for chemical analysis — Part 3: Specifications — Second series.

ISO 6743-4:1982, Lubricants, industrial oils and related products (class L) — Classification — Part 4: Family H
(Hydraulic systems).
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3 Definitions

For the purposes of this International Standard, the following definition applies.

©1SO

3.1 air release : Time, in minutes, in which air dispersed in the oil is reduced to 0,2 % of the volume, at a specified

temperature.

4 Principle

Air is blown into the oil under pressure at a test temperature of 25 °C, 50 °C or 75 °C. After the air flow is stopped,
the escape of the dispersed air bubbles from the oil is followed by determinations of density as a function of time.

The time for
Manual and a

5 Reagent

During the a

the dispersed air content to reduce to 0,2 % (V/V) is recorded from this graphical rep
Ltomated apparatus are available and suitable.

5 and materials

halysis, unless otherwise stated, use only reagents specified in 1ISQ-.6353-2 and ISO

reagents of afalytical reagent grade and water conforming to grade 3 of ISO 3696:1987.

5.1 Methylbe
5.2 Acetone
5.3 Methang

5.4 Gum sol

NOTE — For
harmfulness, a
glassware may

5.5 Air,are

5.6 Cleaning

NOTE — As
anti-foam agen

WARNING
Cr(VI) compd
using chromg
pipette the ¢
neutralize it W
with standard

nzene (toluene)

ent , consisting of equal volumes of toluene (5.1);acetone (5.2), and methanol (5.3).

merly, 1,1,1-trichloroethane was specified as the~gum solvent, but because of its toxicity and e
ternatives should be used. Any acceptable solvent system that effectively removes the gum depo
be used.

julated supply of dry, filtered and oil-free air.

solution , Chromosulfuric acid*or another strongly oxidizing cleaning solution.

rong oxidizing cleaning selution is required to remove traces of silicones that are frequently presq
[s, and would seriously-affect the results of this test.

— Chromosulfuric, acid is a health hazard. It is toxic, a recognized carcinogen as it cont
unds, highly<{cerfosive and potentially hazardous in contact with organic materials. WH
sulfuric acid’cleaning solution, eye protection and protective clothing are essential. Ney
eaning_solution by mouth. After use, do not pour cleaning solution down the drain, K
ith great'care owing to the concentrated sulfuric acid present, and dispose of it in accordan
procedures for toxic laboratory waste (chromium is highly dangerous to the environment).

esentation.

6353-3, or

hvironmental
5its from the

nt in oils as

hins
en
er
ut
ce

Non-chromium containing, strongly oxidizing acid cleaning solutions are also highly corrosive and
potentially hazardous in contact with organic materials, but do not contain chromium which has its own
special disposal problems.

6 Apparatus

6.1 A schematic diagram of the apparatus is shown in figure 1 and consists of the parts specified in 6.1.1 to 6.1.5.

6.1.1 Test vessel , of borosilicate glass, of the design illustrated in figure 2. It consists of a jacketed sample tube
fitted with an air inlet capillary, baffle plate and air outlet tube. The two parts of each test vessel shall be marked in
such a manner as to assure correct connections.
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6.1.2 Preg
6.1.3 Tem

6.1.3.1 TH
equivalent

6.1.3.2 Tsd

perature sensors

A WODN P

Compressed air

Air filter

Pressure reducing valve
Heater

o N o o

T

Pressure gauge

Test vessel
Thermometer

Circulating bath

Figure 1 — Assembly of apparatus

sure gauge , with a range of 0 kPa to 35,5 kPa.

sample temperature (see note in 9.1).

6.1.4 Hea

ermometer , conforming to the specifications given in annex A, or a temperature sendor of at least
berformance, for monitoring the compressed air temperature.

mperature sensor , having a range’of 20 °C to 100 °C, with an accuracy of 0,1 °C, for monitoring the

fer, for the compressed air) A coil of copper tubing immersed in the circulating bath (6.1.5) is suitable at

25 °C, but additional heating is necessary at 50 °C and 75 °C. Use an additional bath or a separate stgam or electric

heat excha
the test veg

6.1.5 Circ
cell at the g

6.2 Densi

bottom. Th

hger at these higher temperatures. The temperature of the air shall be measured as close ps possible to
Llating bath'\/~approximately 10 | capacity with a flow rate of 10 I/min, and capable of maintpining the test
pecified\temperature + 0,1 °C. It shall not be constructed of glass.

y balance , accurate to 0,5 kg/m®, with a sinker of 5 ml or 10 ml displacement, with a round or tapered
b Ipngfh ofthe sinkershallbe 80 mm + 15 mm

6.3 Oven, capable of controlling temperatures up to 100 °C.

6.4 Timer, electronic or manual, graduated and accurate to 1 s or better.

6.5 Graduated cylinder , 250 ml capacity.

6.6 Platinum wire
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Dimensions in millimetres
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Figure 2 — Test vessel
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7 Sampling

Unless otherwise specified, obtain the sample by the procedure described in ISO 3170.

8 Preparation of apparatus

120:1997(E)

8.1 Clean the interior of the test vessel, including the air inlet and sinker, and all other glassware coming into
contact with the sample, in the manner described in 8.1.1 to 8.1.4.

8.1.1 Rinse away the oil and gum residue with gum solvent (5.4), and dry by blowing with a gentle stream of air

(see note t

8.1.4)

8.1.2 Imm

8.1.3 Ring

8.1.4 Ring

NOTE — H

9 Proced

9.1 Assen
temperatur
temperatur

erse the apparatus in cleaning solution (5.6) for a minimum of 12 h.
e thoroughly with tap water followed by water as mentioned in clause 5.

e with acetone, and dry in a gentle stream of air.

vaporation of solvents by air blowing should be carried out in an area where fumes are dispersed (V

jlure

ble the apparatus to the configuration shown in figure.1» Establish the conditions that ¢
e + 0,1 °C of the test temperature. Set the compressed air temperature to within 0,2
b and set the circulating bath to give a sample temperature + 0,1 °C of the specified test

The test temperature shall be related to the kinematic viscosity at 40 °C of the oil under test in the follg

g
g
g
NOTE — T
consisting o
9.2 Warm

ils with a kinematic viscosity of below 9 mm?/s 25°C
ils with a kinematic viscosity from 9 mm?/st0 90 mm®/s 50 °C
ils with a kinematic viscosity above 90{mm?/s 75 °C

he sample temperature can most conveniently be measured by means of a temperature s
a fine resistance or thermocouple probe fed through the outlet pipe.

approximately 200 ml of\the oil to be tested in the oven (6.3) controlled at a temperature

the test temperature.

9.3 Pour]

9.4 Allow

A

4

NOTE —

80 ml of the warmied sample into the test vessel (see 9.11).

the sample to-reach the test temperature.

0 mings sufficient time for most samples.

ented).

jive a sample
C of the test
temperature.
Wwing manner.

ensor (6.1.3.2)

10 °C above

9.5 Warm

the sinker of the density balance to the test temperature in an air bath for at least 20 npin. When the

sinker has reached the test temperature, immerse it in the sample ensuring that no air bubbles adhere to it. Attach
the sinker to the beam of the density balance by means of the platinum wire (6.6) so that the bottom of the sinker is

10mm+ 2

mm from the bottom of the test vessel.

9.6 Read and record the density of the oil to the nearest 0,5 kg/m°.

9.7 Return the sinker to the air bath and replace it with the air inlet tube (see figure 2). After 5 min, start the supply
of air at a gauge pressure of 20 kPa at the test temperature. Start the timer (6.4) and maintain the pressure and
temperature throughout the test.
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9.8 After 420 s £ 1 s, shut off the air and quickly remove the air inlet tube from the test vessel. Immediately re-start
the timer and immerse the sinker in the manner described in 9.5. Follow the procedure given in 9.9 or 9.10 below.

NOTE — In certain oils, the volume of air/oil dispersion may cause the top of the sinker to be immersed in foam, and thus
initial results are correspondingly in error.

9.9 Air release value . Set the density balance to a value that corresponds to 0,2 % (V/V) air in the sample.
Record the time from the air shut-off to the null point on the balance to the nearest 0,1 min. If the null point is not
reached in 30 min, discontinue the test (see 9.11).

9.10 Air release/time curve . For some applications, the shape of the air release/time curve is required. In such a
case, read the density at 1 min intervals for the first 15 min, and at 2 min intervals thereafter, to the nearest

0 5 kg/m3 Dlo antintia tha tact whan tan raadinac anran to vgithin O E lea/nnS
y . OHtHaetHEte S HE W OreabmgSagreeto—witrh-ooKgr—

9.11 Certain
the air satural
exceeded ins
release value
density in 9.

causes any p

oils, e.g. HFAC, HFAS and HFC fluids according to ISO 6743-4, may lose light compon
ion (see 9.7) thus changing their effective density, p.. This will be noted if the null-point is
antaneously, or if the final reading in 9.10 is above the density value obtained‘in 9.6. W
is required for such oils, the density after 10 min of release in 9.9 can he, determined,
0 used in place of the initial density, p,, in clause 10, and this fact reported (see 11.3).
rt of the sinker to be exposed, discontinue the test and repeat using 190-ml of sample.

ents during
reached or
here an air
or the final
If the loss

10 Calculation
The percentage volume of dispersed air in the air-in-oil dispersion, L, is. calculated from the following equgtion:
i )
Pp = Py
where
P, is the density of the sample free from air, inKilograms per cubic metre (9.6);
p, is the density of the air-in-oil dispersion after x minutes, in kilograms per cubic metre;
p, is the density of air at the test temperature, in kilograms per cubic metre.
NOTE — An hpproximation of (p, -&,7)’kg/m® for (p, - p,) relates to a 0,2 % (V/V) dispersion of air in an oil of|a density of

850 kg/m® at th
final densities 3

11 EXxpres:s

11.1 Report

re the same.

sion of results

the, air release value, to the nearest 0,1 min, together with the test temperature. If th

e test temperature., The-1,7 value changes by 0,1 for every 50 kg/m® in oil density, assuming that the initial and

e test was

£y 2N

discontinued

mH—rarak-th ¥ it (1P tar thaon 2N
TCToUTT N, T PUTrT e e St asS— yreatCrarar oot

11.2 When required, report a graphical representation of air release plotted against time, with the test temperature
clearly appended.

11.3 When the effective density, p., has been used in place of the initial density, p,, to express the air release
value, append to the result “modified density”.
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12 Precision

The precision, as determined by statistical examination of inter-laboratory test results in accordance with ISO 4259,
is givenin 12.1 and 12.2.

NOTE —

The precision values in 12.1 and 12.2 may not be attained by manual operation on oils of very low kinematic

viscosity at 40 °C, e.g. shock absorber oils. Such oils were not included in the sample matrix deriving this precision statement.

12.1 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 normal and correct operation
of the test method, exceed the value below only in one case in twenty.

oL

r =0,9X™

where X s the mean of the values being compared.

12.2 Reproducibility . The difference between two single and independent results obtained by diffe
working in
test metho

R=13

where Xis

NOTE —
5 min to 10 min and 10 min to 15 min, show a slightly higher reproducibility,>but a lower repeatability than those

13 Test

The test re
a) arefern
b) the tyg
c) thereg
d) anyds
e) theda

ifferent laboratories on nominally identical test material would, in the normal-and correct o
, exceed the value below only in one case in twenty.

XO,S

the mean of the values being compared.

omparison of these precision values with those developed hy. DIN over the three bands covering

[eport

port shall contain at least the following information:

ence to this International Standard;

e and complete identification@fithe product tested;

ult of the test (see clause-11);

viation, by agreementor otherwise, from the standard procedures specified;

e of the test.

ent operators
peration of the

0 min to 5 min,
f DIN.
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