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mental and nonfgovernmental, in liaison with iSO, also take part in the work. ISO
collaborates clogely with the International Electrotechnical Commission {IEC) on all
matters of electfotechnical standardization.
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INTERNATIONAL STANDARD

1ISO 7537 : 1989 (E)

Petroleum products — Determination of total acid
number — Semi-micro colour-indicator titration

method

1 Scop

1.1 This International Standard specifies a semi-micro colour
indicator tifration method for the determination of acidic con-
stituents in| new or used petroleum products and lubricants
soluble in mixtures of toluene and isopropy! alcohol, or capable
of existing ps suspensions in such mixtures.

The method is especially intended for applications in which the
amount of gample available to be analyzed is too small to allow
accurate analysis by 1SO 6619 or 1SO 6618. |t is applicable to
the determjnation of acids having dissociation constants in
water largef than 10-9. Extremely weak acids having dissoci-
ation constants smaller than 10-9 do not interfere. Salts titrate
if their hydrolysis constants are larger than 10-9,

1.2 This method may be used to indicate relative changes in
total acid nyimber that occur in an oil during ugse\under oxidizing
conditions.| Although the titration is made: under definite
equilibrium |conditions, the method doe$ not measure an ab-
solute acidif property that can be used\to predict performance
of an oil urider service conditions./No-general relationship be-
tween bear|ng corrosion and acid \number is known.

than ISO 6618 or ISO 6619, it provides an advantageous means
of monitoring an oxidation test by changes in total acid number
by

1.3 Sin(%this test method requires substantially less sample

a) minjmizing test sample depletion for total acid number
analyseg-a hus-minimizi i :

b) allowing additional total acid number analyses to be
made while maintaining the same test sample depletion and
thus providing additional data.

NOTES

1 Some oils, such as many cutting oils, rustproofing oils, and similar
compounded oils, or excessively dark-coloured oils, may be more dif-
ficult to analyze by this method due to obscurity of the colour indicator
end-point. These oils can be analyzed by ISO 6619 provided sufficient
sample is available. However, this situation is much less likely using
this International Standard than using 1SO 6618, due to the use of a
more highly dilute sample during the titration and due to the greater
stability of the end-point colour change. The acid numbers obtained by
this method may or may not be numerically the same as those obtained
by 1SO 6619, but they should be of the same order of magnitude.

2 The results obtained using/this method have peen found to be
numerically the same as“those obtained using 1SQ 6618, within the
precision of the two methods, for new or oxidized lubricants of the
type primarily intended-for hydraulic or steam turbing type service. The
oxidized lubricants‘were obtained using I1SO 4263.

slope s, =\1y017 and intercept y = + 0,029, calculated using the total
acid numbers obtained using both titration methods for the samples
usedfor the precision statement (see 9.2).

This correlation is shown by the correlation coeffici%wt r = 0,989, with

2 Normative references

The following standards contain provisions |which, through
reference in this text, constitute provisions of this International
Standard. At the time of publication, the editions indicated
were valid. All standards are subject to revisioh, and parties to
agreements based on this International Standard are encouraged
to investigate the possibility of applying the most recent
editions of the standards listed below. Members of IEC and ISO
maintain registers of currently valid Internatiohal Standards.

1SO 4263 : 1986, Petroleum products — Inhibitéd mineral oils —
Determination of oxidation characteristics.

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

ISO 6618 : 1987, Petroleum products and lubrigants — Neutral-
(zati : ind jtrati ethod.,

ISO 6619 : 1988, Petroleun products and lubricants — Neutral-
ization number — Potentiometric titration method.

3 Principle

Determination of the total acid number by dissolving a sample
of the oil in a solvent consisting of toluene, isopropyl alcohol,
and a small amount of water. The resulting single-phase
solution is titrated at room temperature under a nitrogen
atmosphere with a standard potassium hydroxide {KOH) sol-
ution in isopropyl alcohol, c{KOH) = 0,01 mol/|, to the stable
green colour of the added p-naphtholbenzein indicator.
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4 Definition
total acid number: The quantity of KOH, expressed in
milligrams, required to titrate all acids or salts present in one

gram of the sample having dissociation or hydrolysis constants
larger than 10 -9,

5 Reagents and materials

During the analysis, unless otherwise stated, use only reagents

Store the titrant in a chemically resistant dispensing bottle out
of contact with cork, rubber, or saponifiable stopcock lubricant
and protected by a guard tube containing soda-lime. Minimize
exposure of the titrant to light by storing in the dark or in an
amber bottle or by wrapping the bottle with aluminium foil.

NOTE — Because of the relatively large coefficient of cubic expansion
of organic liquids such as isopropyl alcohol, the standard alcoholic sof-
utions should be standardized at temperatures close to those employed
in the titrations of samples.

5.5.2 Standardization

of recognized pnalytical grade. All reference to water shall be

understood tg mean freshly distilled (carbon dioxide free)
water.

5.1 p-Naphtholbenzein indicator solution, conforming to
the specificatipns given in annexes A and B of 1SO 6618.
Prepare a solution containing 10 g of p-naphtholbenzein per
litre of titratior| solvent. ‘

5.2 Nitrogen, dry and carbon dioxide free.

colour change, itlis especially important that the nitrogen purge gas be
free of carbon digxide. Prepurified grade nitrogen has been found to be
satisfactory.

NOTE — In ordlr to obtain repeatable results and a stable end-point

5.3 Phenolphthalein indicator solution

Dissolve 0,10 g|of pure, solid phenolphthalein in 50 ml of water
and 50 ml of 95 % (V/ V) ethanol.

5.4 Titratior] solvent

Add 500 ml of tpluene and 5 ml of water to 495 ml of anhydrous

isopropy! alcohol.

5.5 Potassium hydroxide, alcohdli¢ solution, standard
volumetric, ¢(OH) = 0,01 mol/. .

5.5.1 Prepargtion

Add 3 g of sofid KOH,to approximately 1 litre of anhydrous
isopropyl alcohp! (containing less than 0,9 % water) in a 2 litre
conical flask. Bpil-the mixture gently on a steam bath for 15 min

Standardize the titrant against dried (at least'] L at 110 °C),
pure potassium hydrogen phthalate using the method specified
in 8.1 for the total acid number analysis,” but| using water
(40 ml £ 1 mi) as the solvent and 6.drops of pheénolphthalein
solution as the indicator.

Carry out the blank in the same manner, but jomitting the
potassium hydrogen phthalate. Standardize the titrant fre-
quently enough to detect variations exceeding 0,000 3 mol/l.

Take the mean noermality determined by at least duplicate
analyses as the titrant concentration for the total|acid number
calculations.

5.6 Toluene, requirements  of

ISO 6353-2.

complying with the

6 Apparatus

6.1 Titration burette, micro-scale, automatic, with 0,01 ml
subdivisions and at least a 2 mi burette capacity.

6.2 Titrant reservoir, preferably one which is jntegral with
the automatic burette, such as that shown in figyre 1.

If a titrant reservoir separate from the automat
used, the line connecting the reservoir with the bu
all glass.

c burette is

rette shall be

Exposure of the titrant to light shall be minimized Iy the use of

amber glass for the reservoir, by wrapping the r
foil such as aluminium foil, or by other suitable m

The tube in the reservoir for titrant withdrawal shal

servoir with
eans.

be adjusted

so that the end of the tube is about 20 mm from t
the reservoir so that any precipitate that may colle:

while stirring to prevent caking of solids on the bottom of the
flask.

Add about 1 g of barium hydroxide and again boil gently for
about 10 min.

Cool to room temperature, stopper to prevent contact with the
ambient atmosphere and allow to stand overnight (about 16 h).

Filter the supernatant liquid through a 10 um polytetrafluoro-
ethylene (PTFE) membrane filter while avoiding unnecessary
exposure to the atmosphere and then dilute the solution {ap-
proximately 0,05 mol/l) with the anhydrous isopropyl alcohol to
a total volume of about 5 litres to obtain a final concentration of
0,010 mol/1 + 0,002 mol/I.

Tom of th e disturbed. urther avoid
disturbing any precipitate in the reservoir, movement of the
reservoir shall be minimized.

With either type of reservoir all entrances and exits to the
burette and reservoir shall be connected to absorption tubes to
remove atmospheric carbon dioxide and water. These tubes
may contain, for example, 0,71 to 1,7 mm anhydrous calcium
sulfate as desiccant and soda-lime to absorb carbon dioxide.
Precautions shall be taken to prevent introduction of any soda-
lime into the titrant reservoir or burette.

6.3 Titration beaker, 100 ml capacity tall-form Berzelius
beaker without pouring spout, approximate dimensions 51 mm
inside diameter and 71 mm high.
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6.4 Titration beaker stopper, to seal the titration beaker.

The stopper shall be composed of an elastomeric material, such
as neoprene, that is essentially unaffected by the titration sol-
vent.

Approximate stopper dimensions are 53 mm top diameter,
45 mm bottom diameter, and 256 mm high.

The stopper shall be fitted with a purge gas inlet tube, made of

ISO 7537 : 1989 (E)

The inlet tube and outlet hole shall be placed on opposite sides
of the stopper with a centre-to-centre separation distance of
30 mm £ 1 mm.

6.5 Purge gas flowmeter, variable area, capable of
indicating a flow rate of 10 litres/h.

6.6 Stirrer motor, variable speed, magnetically linked.

6.7 Stirring bar, cylindrical, PTFE encased, approximately
25 mm long and 8 mm in diameter.

glass and IxtendngE.mm_Lme.bemnd.the.bm.aLtbe
stopper, dnd pierced by a 7 mm £ 1 mm diameter purge gas

6.8 Pipette, capable of delivering 0,100 rl‘ul £ 0,002 ml of

outlet hoi¢. titration indicator solution.
Flowmeter
( USRI \
Salvent
burette
Automatic
H micro-scale
burette
Vent to hood
Source of J 1\—
purge gas | —
Pressure
bulb
Stopper
H Titration
0 R Sy
Desiccant % ‘\( Desiccant
k0 Titrant
Magnetic reservoir

Soda-lime or stirring bar :

soda-asbestos e Soda-lime
I O Magnetic

Desiccant —————f@®.¢ i i

E{ZZ stirrer Desiccant
Absorption Absorption
tube tube

Figure 1 — Schematic drawing of typical apparatus
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6.9 Titration solvent burette, capacity 500 ml or larger,
with 5 ml subdivisions.

The top of the titration solvent burette shall be stoppered and
connected with an absorption tube, as in 6.2, to remove
atmospheric carbon dioxide and water. An alternative means of
dispensing the titration solvent may be used, provided that a
dispensing repeatability within * 1 ml for 40 ml is obtainable
and the solvent in the dispenser is isolated from atmospheric
carbon dioxide and water.

7 PreparaLion of used oil samples

7.1 Strict oljservance of the sample preparation procedure
specified in 7.2 is necessary, since the sediment itself may be
acidic or basic|or may have absorbed acidic or basic material
from the sample. Failure to obtain a representative sample may
lead to erronequs results.

7.2 Heat the|sample {see note 1) of used oil to 60 °C £ 5°C
in the origina] container and agitate until all sediment is
homogeneously suspended in the oil (see also note 2).

If the original ¢ontainer is of opaque material, or if it is more
than three-qudrters full, transfer the entire sample to a clear
glass bottle haying a capacity at least one-third greater than the
volume of the pample.

Transfer all trages of sediment from the original container to the
bottle by violdnt agitation of portions of the sample incthe
original container.

\

After completelsuspension of all sediment, strain.the sample or
a convenient aljquot of the sample through a 150 Jm screen for
the removal of|large contaminating particles (see note 3).

NOTES

1 When samplgs are visibly free of.sediment, the heating procedure
may be omitted.

2 As used oil may change appreciably in storage, samples should be
tested as soon ds possible-after removal from the lubricating or test
system and the dates of.sampling and testing should be noted.

may be omitted.

8 Procedure
8.1 Sample titration

8.1.1 Weigh, to the nearest 0,1 mg, the required amount of
test portion into the clean, tared titration beaker (6.3).
Guidelines for determining the amount of test portion required
are given in table 1.

Table 1 — Size of sample !

Total acid number range Sample weight range

mg KOH/g sample g
less than 0,01 501020
0,01 t0 0,1 20t01,5
0,11t 0,5 1,5t01,0
0,51t03,0 1,0t00,2
greater than 3,0 0,2t0 0,1

1) Dark-coloured samples with total acid numbers of 0,1 or less
may require use of smaller size samples to minimize interference of
the sample colour with the indicator colours.

Place the magnetic stirring bar (6.7) into the beakeL, taking care
not to lose any of the sample by splashing.“Pour{ 40 ml of the
titration solvent (5.4) into the titration beaker, using part of this
volume of solvent to wash down _dny, sample tHat may have
splashed on to the sides of thé ‘beaker above|the solvent-
sample solution level. Add-~0,1700 ml + 0,002 m! of the
p-naphtholbenzein indicator-'solution {5.1) to [the solvent-
sample solution. Immediately’assemble the titratioh beaker with
the stopper {6.4), previously connected with the flowmeter
(6.5) and nitrogen purge gas (5.2).

Insert the bureétte ‘tip into the beaker through the hole in the
stopper. Adjust the position of the burette tip so that the purge
gas can exit’freely through the hole (see CAUTIDN), and the
bottom(of the burette tip is approximately 10 above the
surfaceof the solution. Immediately start the pyrge gas flow
through the beaker at a relatively fast rate, for example about
30 to 40 litres/ h, to purge the atmosphere in the bpaker rapidly,
and then start mixing the solution using the magnetic stirrer.
Adjust the purge gas flow rate to 10 litres/h + | litre/h after
purging at the faster flow rate for 15 to 30 s. Adjuist the stirring
rate to mix the solution efficiently but without $plashing the
solution or mixing purge gas into the solution.

CAUTION — The purge gas must be able to exit freely,
otherwise dangerous pressures could develop. Also, the
vapour from this treatment contains toluene|and should
be removed with adequate ventilation.

8.1.2 Titrate the sample at a temperature below 30 °C with
the standard volumetric potassium hydroxide solytion (5.5).

The indicator colour changes are from the initiall orange to a
bright yellow and then to green. Take the point at which a
stable green colour is first obtained as the end-pojnt. Consider
the colour stable if it does not change back to| a yellow or
yellow-green colour within 15 to 20 s (see the note). This end-

i el it llow, which
occurs very close to the end-point. Record the quantity of
titrant required to obtain the stable end-point.

NOTE — Several drops of titrant may be required to obtain the stable
end-point colour after reaching a yellow-green colour with used oil
samples having relatively high total acid numbers, for example a total
acid number of about 3 or greater.

8.2 Blank titration

Carry out a blank titration each day that samples are analyzed.
Conduct this titration using the procedure specified in 8.1, but
omitting the sample. Record the quantity of titrant required to
obtain the stable green end-point.
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