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RATIONALE
This document hgs been reaffirmed to comply with the SAE 5-year Review palicy.
1. SCOPE:

The test method describes the procedure for determination of the-total acid number pf new and
degraded polyo] ester and diester based gas turbine lubricants by ‘potentiometric titration technique.
The method was validated to cover an acidity range 0.05 to 6.0:mg KOH g*. The method may also be
suitable for the fetermination of acidities outside of this rangé and for other classes of lubricant.

1.1 Purpose:

The total acid|number can be used to assist in th€Zassessment of a lubricant during condition
monitoring and for quality assurance/specification verification.

WARNING: This document may involve hazardous materials, operations, and eqyipment. This
document does not purport.to address all of the safety problems associated with its
Use. lItis the responsibility’of the user of this document to establish appropriate safety
dnd health practices:and determine the applicability of regulatory limitations prior to
Use.

2. APPLICABLE DOCUMENTS:

The following pdiblicationsform a part of this document to the extent specified herein| The latest issue
of SAE publicat|ons shall apply. The applicable issue of other publications shall be the issue in effect
on the date of the purehase order. In the event of conflict between the text of this dgcument and
references cite(T herein, the text of this document takes precedence. Nothing in this|document,
however, supersedes applicable laws and regulations unless a specific exemption has been obtained.

2.1 ISO Publications:
Available from ANSI, 11 West 42nd Street, New York, NY 10036-8002.

ISO 3696 Water Purity

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely
voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.

Copyright © 2006 SAE International
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER:  Tel: 877-606-7323 (inside USA and Canada)
Tel: 724-776-4970 (outside USA)
Fax: 724-776-0790
Email: CustomerService@sae.org
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3. DEFINITIONS:

3.1 TOTAL ACID NUMBER (TAN):

3.2

3.3

4. TEST REQUIRJ

4.1 Outline of Method:

4.2

4.2.1 Potentiometric Titration Apparatus: An automatic titrimeter capable of titrating to

4.2.2

4.2.3

The quantity of base, expressed in milligrams of potassium hydroxide per gram of sample required to
titrate the sample potentiometrically to an aqueous pH 11 end point.
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Glass Indicating Electrode: Pencil type; a glass electrode specifically designed for non-agueous
titrations is recommended.

Reference Electrode: Pencil type; silver/silver chloride electrode filled with the lithium chloride
electrolyte (4.3.4). Other electrodes, which can be shown to give equivalent performance on the
samples to be tested, may be used provided they are filled with the lithium chloride electrolyte

(4.3.4).

The electrode shall be made of glass and shall be provided with a movable joint in the form of a
sleeve or plug to facilitate easy washing of the reference electrolyte cell. A double junction design
is preferable with the electrolyte cells filled with the lithium chloride electrolyte (4.3.4).

2.
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4.2.3 (Continued):
Combined electrodes are not recommended for this method as ideal storage conditions for each
part of the electrode cannot be provided by a single solution when alcoholic reference electrolytes
are in use.

4.2.4 Titration Vessel: The vessel shall have a capacity of 150 to 250 mL and be inert to the reagents.

4.2.5 Stirrer: A stirrer with variable speeds and fitted with a propeller or paddle of chemically inert
material. The stirrer must be electrically grounded (earthed).

NOTE: Some types of apparatus may be sensitive to interference by static €electficity when the
appgratus is approached by the operator. In these cases the titration vegsel should be
surrpunded with a close-fitting cylinder of copper gauze whichyis electrically grounded
(eanthed). Refer to the equipment manufacturer if in doubt.

4.3 Reagents/Materials:

Use only reagents of recognized analytical grade (where available) and water confprming to
ISO 3696 Grade 3 or equivalent purity.

4.3.1 Aqueous pH 4, pH 7 and pH 11 buffer solutions
NOTE: Thepe solutions must be replaced atregular intervals consistent with theif stability or when
confamination is suspected. Information relating to their stability should pe obtained from
the manufacturer.
4.3.2 Ethanol: [98% min v/v] (Co,H5OR).
4.3.3 Lithium chlofide (LiCl).

4.3.4 Lithium Chlgride Reference Electrolyte: Prepare a 1 M or 2 M solution of the lithjum chloride
(4.3.3) in the ethanol (4.3.2). Commercially available solutions may be used where available.

NOTE: Potasstumrchioride etectrolyte mustnotbetused-to-filtsingtejunctiorrreference electrodes
or to fill the outer cell of a double junction reference electrode. Use of other electrodes
could affect the precision. It is desirable to reserve the electrode for non-aqueous
titrations.

4.3.5 Potassium hydrogen phthalate (KHCgH,40,).

4.3.6 Potassium hydroxide (KOH).
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4.3.7 Potassium Hydroxide: Standard volumetric alcoholic solution, ¢(KOH) = 0.1 M.

4.3.8

4.3.9

4.3.10

4.3.11

4.3.12

4.3.13

Add 6 to 7 g of the potassium hydroxide (KOH) (4.3.6) to 1000 mL + 10 mL of the propan-2-ol
(4.3.8) in a 2 L flask. Boil gently under reflux for 10 min and then shake to ensure it dissolves

completely.

Cool and stopper the flask.

Allow the solution to stand in the dark for two days and then filter the supernatant liquid through a
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(4.3.11) into a glass beaker. Carefully add 100 mL of the concentrated sulphuric acid (4.3.12)
and gently stir. Before use the solution should be left overnight for the solid to dissolve
completely.

5. PREPARATION AND MAINTENANCE OF THE ELECTRODE SYSTEM:

Although the electrodes are not particularly fragile they should be handled carefully at all times. The
following procedures are very important because pH measurements will only be as good as the
condition of the electrodes.
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5.1 Preparation of Electrodes for Calibration:

5.1.1 Glass Electrode: The glass electrode (4.2.2) should be wiped dry with a clean soft absorbent
tissue before use.
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Conditioning of the Electrodes for Non-aqueous Titrations: Immerse the electrode assembly in the
titration solvent (4.3.9) for a period of 10 min. Rehydrate the glass electrode (4.2.2) by immersing
the bulb in water for 2 min and then allow excess to drain off.
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5.4 Storage of Electrodes:
When the electrodes are not in use, immerse the lower half of the glass electrode (4.2.2) in water
and the lower half of the reference electrode (4.2.3) in reference electrolyte (4.3.4). Cover the filling
aperture(s) of the reference electrode during storage.

Do not allow either electrode to dry out, especially the glass electrode.

5.5 Cleaning of Electrodes:

5.5.1 Glass Electjode: When in regular use, clean the glass electrode (4.2.3) weekly iy immersing the
tip in 0.1 M hydrochloric acid for a minimum period of 12 h. If more aggressive cleaning is
required, immerse the electrode tip in the ammonium peroxodisulphate cleaning [solution (4.3.13)
for 5 min followed by a thorough wash with water. The ammonium_peroxodisulphate treatment
should be carried out routinely at monthly intervals when the eleCtrode is in regular use.

5.5.2 Reference Hlectrode: Clean the reference electrode (4.2.3) as necessary by flughing with the
propan-2-ol |(4.3.8) followed by the reference electrolyte (4.3.4).

6. PROCEDURE:
6.1 Test the electjodes and calibrate the automatic titrimeter (4.2.1) as detailed in 5.1, 5.2, and 5.3.
6.2 Prepare the electrodes for non-aqueous.titration as detailed in 5.3.2.

6.3 Set up the apparatus in accordance with the manufacturer’s instructions ensuring that the overall
titration rate ig not greater than 0:2'mL minL. If the titration unit is only capable of performing fixed

rate titrations,|set the titration(rate to 0.1 mL min™L,
Examples of duitable titrindeter methods are given in Appendix A.

6.4 The burette should'be filled with the 0.1 M alcoholic potassium hydroxide solution (4.3.7) and the tip
immersed approximately 25 mm in the titration solvent (4.3.9).

6.5 Perform a “blank” determination in duplicate on 125 mL = 2 mL of the titration solvent (4.3.9) daily or
immediately after changing to a fresh batch of the titration solvent (4.3.9). Take the mean of the two
determinations as the “blank” titration.

If the blank is very low and insufficient data points are obtained when using 125 mL of the titration
solvent (4.3.9) a larger volume of the solvent should be used and the blank equivalent to 125 mL
calculated.
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6.6 Ensure that the test portion is representative. Weigh (to the nearest 0.001 g) into the titration vessel,
either 20 g £ 1 g of clean lubricant or 2.5 g + 0.1 g of degraded lubricant and add 125 mL + 2 mL of
the titration solvent (4.3.9).

6.7

6.8

6.9

Perform the titration using the procedure prescribed for the equipment taking care to limit the speed
of stirring to avoid spattering or stirring air into the solution.

On completion of the titration rinse the electrodes and burette tip with the titration solvent (4.3.9).
Rehydrate the
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(Eq.1)

V; =Volume, in milliliters, of the alcoholic KOH solution (4.3.7) used to titrate the test portion to
the end-point.
Vg = Volume, in milliliters, of the alcoholic KOH solution (4.3.7) used for the blank titration.
¢ = Actual concentration, in moles per liter, of the alcoholic KOH solution (4.3.7).

m = Mass, in grams, of the test portion.
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8. PRECISION:

8.1 Clean Oils (20 g sample size):

8.2

Repeatability - The difference between two 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, exceed the following value only in one case in twenty.

Reproducibilit
operators wor
following valu

where:

X = Result
Degraded Oilg
Repeatability

apparatus ung
normal and cd

Reproducibilit
operators wor
following valu

0.028(x)%°
y - The difference between two single and independent results obtair

king in different laboratories on identical materials would, in the long
P only in one case in twenty.

0.115(x)*°

obtained.
(2.5 g sample size):

er constant operating conditions on identical test material would, in th
rrect operation of the test, exceed the following value only in one ca

0.061(x+0.362)
y - The difference between two single and independent results obtain

king in.different laboratories on identical materials would, in the long
b onlyn one case in twenty.

(Eq.2)

ed by different
run, exceed the

(Eq.3)

The difference between two,test results obtained by the same operator with the same

e long run, in the
be in twenty.

(Eq.4)

ed by different
run, exceed the

where:

X = Result

0.166(x+0.362)

obtained.

(Eq.5)

NOTE: The precision of this method has been calculated from data obtained from a round robin
conducted in 1995. This involved the analysis of six clean and six laboratory degraded
synthetic ester based lubricating oils by eight laboratories. A 20 g sample size was used for
the clean oils and a 2.5 g sample size was used for the degraded oils.
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