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Base Number Determination by Potentiometric Titration
This standard is issued under the fixed designation D 4739; 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* 1.3 The values stated in Sl units are to be regarded as the

1.1 This test method covers a procedure for the determinzitandard.
tion of basic constituents in petroleum products and lubricants 1-4 This standard does not purport to address all of the
(Note 1). The test method resolves these constituents int@fety concerns, if any, associated with its use. It is the
groups having weak-base and strong-base ionization proper,etspon3|bll|ty of the user of th_|s standard to e_stabllsh appro-
ties, provided the dissociation constants of the more strongipriate safety and health practices and determine the applica-
basic compounds are at least 1000 times that of the next weak@flity of regulatory limitations prior to use.
groups.

1.1.1 This test method covers base numbers up to 70. Whil

it can be extended to higher base numbers, the precision of the2-1 ASTM Standards:
test method for base numbers greater than 70 has not beenD 664 Test Method for Acid Number of Petroleum Products

by Potentiometric Titratioh

D 974 Test Method for Acid and Base Number by Color-
Note 1—In new and used oils, the constituents which can be consid- Indicator Titratior?

ered to have basic properties are primarily organic and inorganic bases, D 1193 Specification for Reagent Water

including amino compounds, although certain salts of heavy metals, salts
of weak acids, basic salts of polyacidic compounds, and some additives D 2896 Test Me_thOd f9r Base qube_r of_PetroIeum Prod-
ucts by Potentiometric Perchloric Acid Titration

such as inhibitors or detergents may show basic characteristics.
. oo . 2.2 |IP Standard:

1.2 This test method can be used to indicate relative changeslp 139 Test Method for Acid Number by Color-Indicator
that occur in an oil during use under oxidizing or other service Titration Metho® y
conditions regardless of the color or other properties of the i

. . T 2.3 U.S. Federal Test Method:

resulting oil (Note 3). Although the analysis is made under Federal Test Method Standard No. 791b Lubricants Liquid
closely specified conditions, the method is not intended to, and Fuels and Related Products: Méthods of Testin
does not, result in reported basic properties which can be used ' 9
under all service conditions to predict performance of an oil;3. Terminology
for example, no overall relationship is known between bearing 3.1 Definitions:

gorrosmn k())r the control of corrosive wear in the engine and 3.1.1 base numbetsn—the quantity of acid, expressed in
ase numoer. milligrams of potassium hydroxide per gram of sample that is
Note 2—Test Method D 4739 was developed as an alternative for theequired to titrate a sample, dissolved in a specified solvent to

former base number portion of Test Method D 664. Base numbers specified end point.

obtained by this method may or may not be numerically the same as those 3 1 1.1 Discussior—In this test method, the sample is

obtained by the former base number portion of Test Method D?664. : : :
Note 3—A color indicator titration method is also available in the Test tirated to a met.er reading Corr?Spondmg to a freshly prepared
Jonaqueous acidic buffer solution.

Method D 974 and IP 139. The base numbers obtained by the potenti . . .
metric method may or may not be numerically the same as those obtained 3-2 Definitions of Terms Specific to This Standard:

by Test Method D 974 or equivalent color indicator methods such as given 3.2.1 strong base numbern—the quantity of acid, ex-

in Federal Test Method Std. No. 791b. Potentiometric methods for baspressed in terms of the equivalent number of milligrams of
number are also available in Test Method D 2896.

%. Referenced Documents

determined.

1 This test method is under the jurisdiction of ASTM Committee DO2 on  *Annual Book of ASTM Standardgol 05.01.
Petroleum Products and Lubricants and is the direct responsibility of Subcommittee * Annual Book of ASTM Standardgol 11.01.

D02.06 on Analysis of Lubricants. 5P Standards for Petroleum and Its Products, Part 1. Methods for Analysis and
Current edition approved Dec. 10, 2002. Published February 2003. OriginallyTesting.

approved in 1987. Last previous edition approve in 1996 as D 4739-96. ® Available from Standardization Documents Order Desk, DODSSP, Bldg. 4,
2The base number portion was last published in the 1981 version. Section D, 700 Robbins Ave., Philadelphia, PA 19111-5098

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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potassium hydroxide per gram of sample, that is required to

titrate a sample dissolved in the specified solvent from the ead for po—
e . . . n
initial meter reading to a meter reading corresponding to a Eloctrads

%

.

a7 N\~ Shiclded Lead
N for Glass
VA Electrode
Beaker Cap

I~ (Inert Material)

4. Summary of Test Method

4.1 The sample is dissolved in a mixture of toluene, !
propanol-2-ol (isopropyl alcohol), chloroform, and a small )
amount of water and titrated potentiometrically with alcoholic BuretTip
hydrochloric acid solution. The test results of this procedure  (InFrontofstirrer)
are obtained by titration mode of fixed increment and fixed
time additions of the titrant. An endpoint is selected from a i
titration curve according to the criteria given in 13.1 and usekeference Electrode, 8 ——]
to calculate a base number.

N Glass Electrode, C

\
. . |
freshly prepared basic buffer solution. |
[
|
|
; (internally Shielded)
|
!

~— Beaker, A

5. Significance and Use !
Sleeve with Ground —+—={

Propelier Stirrer, D

5.1 New and used petroleum products can contain basiC TGiass contact Joint - @ -1 (InBack of Buret Tip)
constituents that are present as additives or as degradation ]
products formed during service. The relative amount of these FIG. 1 Cell for Potentiometric Titration

materials can be determined by titrating with acids. The base
number is a measure of the amount of basic substances in the

oil—always under the conditions of the test. The base number 7 3 Byffer, Nonaqueous BaseAdd 10 mL of buffer stock

is used as a guide in the quality control of lubricating oil sojytion B (see 7.4) to 100 mL of titration solvent. Use within
formulations. It is also sometimes used as a measure of

lubricant degradation in service. Any condemning limits must 7.3 Buffer Stock Solution-A-Accurately weigh 24.2+ 0.1

be empirically established. g of 2,4,6-trimethyl pyridine¥-collidine), and transfer to a 1-L

6. Apparatus volumetric flask containing 100 mL of anhydrous isopropyl
alcohol. Using a 250-mL graduated cylinder, add to the flask,
while continuously stirring its contents, 15Q{N= 5 mL of
0.2M alcoholic HCI solution (N, being the exact molarity of
the HCI solution found by standardization). Dilute to the
1000-mL mark with anhydrous isopropyl alcohol, and mix

6.1 Potentiometric Titrimeter automatic or manual, with
capability of adding fixed increments of titrant at fixed time
intervals (see Annex Al).

6.1.1 The titrimeter must automatically (or manually) con-
tr(_)l the rate of addltl.on of titrant as follows: Dellvery of titrant thoroughly. Use within 2 weeks.
will be incremental; after delivery of precisely a 0.100-mL : .
increment (see 6.1.2), the delivery is stopped and a fixed time /-4 Buffer Stock Solution B-Accurately weigh 27.8= 0.1

period of 90 s is allowed to pass before another 0.100-ml9 of menitrophenol and transfer to a 1-L volumetric flask
increment of titrant is delivered. This procedure is repeatedntaining 100 mL of anhydrous isopropy! alcohol. Using a
until the titration is completed. 50-mL graduated cylinder, add to the flask while continuously

6.1.2 The precision of addition of the 0.100-mL incrementss’[irring its contents, 50/Rb;,+ 1 mL of 0.2M alcoholic KOH

of titrant must be=0.001 mL for automatic titrators. For solution. (Neow being the exa(_:t molarity of the KOH solutio_n
manual buret, it should be:0.005 mL. A higher incremental found by st_andardlzatmn). Dilute to the 1000-mL marl_< W'th
precision is required for an automatic buret because the tot@1Ydrous isopropyl alcohol and mix thoroughly. Use within 2
volume to the end point is summed from the individual WeekS: _ _
increments, whereas with a manual buret it is read from a scale. /-5 Chloroform reagent grade\Warning—Toxic and sus-
6.2 Glass Indicating ElectrodepH O to 14, general purpose. Pected carcinogen.)
6.3 Reference ElectrodeSilver/Silver Chloride (Ag/AgCl) 7.6 Chromic Acid Solutior-(Warning—Causes severe
reference electrode, filled witl M - 3 M LiCl in ethanol. burns. Recognized carcinogen. Strong oxidizer.)
7.7 Hydrochloric Acid Solution, Standard Alcoholic (0.1

Note 4—Certain alternative electrode-electrolyte combinations hav . . .
been found to give satisfactory results although the precision using thej\él)_M'X 9 mL of reagent grade hydrochloric acid (HCI, sp gr

alternatives has not been determined. Combination electrodes may be us_Jadlg) Warning—Toxic and C(_)WOSive)a with 1 L of anhydrous
provided they conform to 8.3 and have a sufficient fast response time. isopropyl alcohol. Standardize frequently enough to detect

6.4 Stirrer, Buret, Stand, Titration Vessehs specified in normal!ty changes of 0.0005 by potentiometric titration of
Annex AL are required. A typical cell assembly is shown in Fig.2PProximately 8 mL (accurately measured) of the ®/1

1. alcoholic KOH solution diluted with 125 mL C&free water.
7.8 Hydrochloric Acid Solution, Standard Alcohohe-(0.2
7. Reagents M)—Prepare and standardize as described in 7.7, but use 18

7.1 Buffer, Nonaqueous AcidAdd 10 mL of buffer stock mL of HCI (sp gr 1.19) .
solution A (see 7.3) to 100 mL of titration solvent. Use within 7.9 Lithium Chloride Electrolyte-Prepare a saturated solu-
1h. tion of lithium chloride (LiCl) in isopropyl alcohol.
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7.10 m-Nitrophenol NO,CzH,OH, (Warning—Toxic), 7.15 Purity of Water—Unless otherwise indicated, refer-
(mol weight 139.11), conforming to the following require- ences to water shall be understood to mean reagent water as
ments: defined by Type Ill of Specification D 1193.

Melting point 96 to 97°C 7.16 Titration Solvent—In a brown reagent bottle, add 30
Color Pale Yellow mL of water to 1 L of isopropyl alcohol and mix thoroughly.
7.10.1 Store the reagent in a brown glass bottle. Add 1 L each of toluene and chloroform and mix thoroughly.

7.11 Potassium Hydroxide Solution, Standard Alco- 7.17 Toluene reagent grade.Warning—Extremely flam-
holic (0.1 M)—Add 6 g ofreagent grade potassium hydroxide mable.)
(KOH) (Warning—Toxic and corrosive), to approximately 1 L 7.18 2,4,6-Trimethyl Pyridine~-Collidine), (CH;)5CsH,N,
of anhydrous isopropy! alcohol. Boil gently for 10 min to effect (Warning—Toxic), (mol weight 121.18) conforming to the
solution. Allow the solution to stand for 2 days and then filterfollowing requirements:
the supernatant liquid through a fine sintered-glass funneRoiling range 168 to 170°C
Store the solution in a chemically resistant bottle. Dispense iffe/r2ctve index No20 14982 - 0.0005
a manner such that the solution is protected from atmospheric

carbon_ dioxide (CG) by means Of. a guard tube containing 7.18.1 Store the reagent over activated alumina and keep it
soda lime or soda non-fibrous silicate absorbent (Ascarite

Carbosorb, or Indicarb), and such that it does not come int<')h a brown glass bottle.

contact with cork, rubber, or saponifiable stopcock greaseg preparation of Electrode System
Standardize frequently enough to detect normality changes of
0.0005 by potentiometric titration of weighed quantities of
potassium acid phthalate dissolved in £f@ee water.

7.12 Potassium Hydroxide Solution, Standard Alcoholic
(0.2 M)—Prepare, store, and standardize as directed in 7.1
but use 12 to 13 g of KOH to approximately 1 L of anhydrous
isopropyl alcohol.

7.13 Propanol-2-ol (Isopropyl Alcohol), Anhydrougless
than 0.1 % HO) (Warning—Flammable). If dry reagent

8.1 Maintenance of ElectrodesClean the glass electrode
(Note 5) at frequent intervals (not less than once every week
during continual use) by immersing in cold chromic acid
fleaning solution \(arning—Causes severe burns. Recog-
nized carcinogen. Strong oxidizer). Drain the calomel electrode
at least once each week and refill with fresh LiCl electrolyte as
far as the filling hole. Make sure that crystallized LiCl is
present in the solution. Maintain the electrolyte level in the
cannot b procured, iy by istlaion hrough a mutiple °TT°TCE Sleerotc shove that of e Jaid 1 e thaton,
plate column, discarding the first 5 % of material distilling OVET e electrodes iﬁ either water (glaés) or the LiCl in isopropy]
and using the 95 % remaining. Also, drying can be accom- ;
Icohol electrolyte (reference). Do not allow them to remain

plished using molecular sieves such as Linde Type 4A, b mmersed in titration solvent for any appreciable period of time
passing the solvent upward through a molecular sieve cqumB Lo . Yy app P
etween titrations. While the electrodes are not extremely

using 1 part of molecular sieve per 10 parts of solvent.f ile. handle th tully at all ti

(Warning—It has been reported that, if not inhibited against it, ragiié, handie them careiully at all imes.
propanol-2-ol can contain peroxides. When this occurs, an Note 5—Cleaning the electrodes thoroughly, keeping the ground-glass
explosive mixture is possible when the storage vessel or othdgint free of foreign materials, and regular testing of the electrodes are
equipment such as a dispensing bottle, are near empty afgportant in obtaining repeatable potentials, since contamination can
approaching dryness.) introduce uncertain, erratic, and unnoticeable liquid contact potefitials.

. . While this is of secondary importance when end points are chosen from
7'14 Purity of Reagents—Reagent_—grf'ide Che_mlc_als shall be inflection points in the titration curve, it is quite serious when end points
used in all tests. Unless otherwise m¢_cated, itis intended thEHre chosen at artibrarily-fixed cell potentials (that is, the nonaqueous
all reagents shall conform to the specifications of the Commitacidic buffer potential).

tee on Analytical Reagents of the American Chemical Society, g 5 Preparation of ElectrodesBefore and after using

where such specifications are availabl@ther grades may be ot ry the glass electrode thoroughly with a clean cloth or a
used, provided it is first ascertained that the reagent is 0fng apsorbent tissue and rinse with water. Wipe the reference
sufficiently high purity to permit its use without lessening the g|ecirode with a cloth or tissue, carefully remove the ground-

accuracy of the determination. _ _glass sieve, and thoroughly wipe both ground surfaces. Replace
7.14.1 Commercially available solutions may be used inpg gleeve loosely and allow a few drops of electrolyte to drain
place of laboratory preparations provided the solutions ha"fhrough to flush the ground-glass joint (Note 5). Wet the

been certified as equivalent. _ ciground surfaces thoroughly with electrolyte, set the sleeve
7.14.2 Alternate volumes of solutions may be preparedimy in place, and rinse the electrode with water. Prior to each
provided the final solution concentration is equivalent. titration, soak the prepared electrodes in water for at least 5

min immediately before use and touch the tips of the electrodes
with a dry cloth or tissue to remove the excess water.

“Reagent Chemicals, American Chemical Society Specificatidmerican
Chemical Society, Washington, DC. For suggestions on the testing of reagents not—————————
listed by the American Chemical Society, sAealar Standards for Laboratory 8 For a detailed discussion of the need for care in preparation of the electrodes,
Chemicals BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia see Lykken, L., Porter, P., Ruliffson, H. D., and Tuemmler, F. D., “Potentiometric
and National FormularyU.S. Pharmacopeial Convention, Inc. (USPC), Rockville, Determination of Acidity in Highly Colored Oils,Industrial and Engineering
MD. Chemistry Analytical Edition, IENAA, Vol 16. 1944, pp. 219-234.
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8.3 Testing of Electrodes Test the meter-electrode combi- procedures described can be omitted.
nation (Note 6) when first put into use or when new electrodes
are installed and retest at intervals thereafter by dipping thél. Procedure for Base Number and Strong Base
electrodes into a well-stirred mixture of 100 mL of the titration Number

solvent and 1.0 to 1.5 mL of 0. alcoholic KOH solution. 11.1 Calculate the quantity of sample required for its
For the meter-electrode combination to be suitable for use, thexpected base number as follows:

potential between the electrodes must change by more than A=T7E o)
0.480 V from the potential between the same electrodes when

dipped in the nonaqueous acidic buffer solution. where:

_ N ) A = approximate mass of sample, g and
Note 6—Considerably more sensitive electrodes are now available that expected base number
will show a potential change of at least 0.590 V under these conditions, . ' .
and their use is recommended. 11.1:1 Take a m.a>.<|mumf(5.g a_nd a minimum of 0.1 g for
analysis. The precision of weighing is as follows:
9. Standardization of Apparatus Size of Sample, g Precision of Weighing g

9.1 Determination of Meter Readings for the Nonaqueous ~ 7°, i
Buffer Solution Corresponding to Base End Peiffio ensure ' o ' _ o
comparable selection of end points with the meter described 11.2 Into a 250-mL titration beaker or a suitable fitration
in A1.1.1, determine daily for each electrode pair, the mete’€ssel, introduce a weighed quantity of sample as prescribed in
reading obtained with the freshly prepared nonaqueous aciditl-1.1 and add 125 mL of titration solvent (Note 10). Prepare
buffer solution to be used for the determination of basdhe electrodes as directed in 8.2. Place the beaker or titration
numbers, and with the freshly prepared nonaqueous baskessel on the titration stand and adjust its position so that the

buffer solution to be used for the determination of strong basé&lectrodes are about half immersed. Start the stirrer, and stir
numbers. throughout the determination at a rate sufficient to produce

) _ vigorous agitation without spattering and without stirring air
Note 7—The response of different glass electrodes to hydrogen ioN1to the solution.

activity is not the same. Therefore, it is necessary to establish regularly for

each electrode system the meter readings corresponding to the acidic andNote 10—Some automatic titrators do not accept a beaker size that

basic buffer solutions arbitrarily selected to represent the end point.  contains 125 mL of titration solvent. In such cases, a lesser amount of
9.2 Prepare the electrodes as described in 8.2, immerse theig{vent in the range from 75 to 100 mL is acceptable.

in the appropriate nonaqueous buffer solution, and stir for 5 11.3 Select and fill a suitable buret with the 841alcoholic

min, maintaining the temperature of the buffer solution at aHCI solution and place the buret in position on the titration

temperature within 2°C of that at which the titrations are to beassembly, taking care that the tip is immersed about 25 mm in

made. Read the cell voltage. The reading so obtained in thge liquid in titration vessel. Record the initial buret and meter

acidic buffer solution is taken as the end point for the basgcell potential) readings.

number if an inflection is not observed as specified in 12.1, and 11.4 Titration—The reaction of the hydrochloric acid with

the reading obtained in the basic buffer solution is taken as thghe basic components is very slow with most titrations for base

end point for the strong base number. number. As a result, these titrations are not at equilibrium.

Because of this, the titration conditions are tightly specified

10. Preparation of Sample of Used Oil ; . . -
i ) ) . and must be strictly adhered to in order to achieve the precision
10.1 Strict observation of the sampling procedure is neces;

: . . . - ; c? stated.
sary, since the sediment itself is acidic or basic or has absorbe _ _ _ o
acidic or basic material from the sample. Failure to obtain a Nore 11—See Appendix X1 for techniques for reducing the titration

representative sample negates a meaningful value obtained.ime of a sample. Pre-dosing techniques have been found to provide
satisfactory results although the precision using these techniques has not

Note 8—As used oils can change appreciably in storage, samplebeen determined.

should be tested as soon as possible after removal from the lubricating 11.4.1 Whether the titration is carried out manually or

system; and the dates of sampling and testing shall be noted. ¢ ticallv. the followi q fged i ¢ fixed
. o automatically, the following procedure fiked increment, fixe

.1(.)'2 Heat the sample (N_ote 9) of used oil t0£(5. Cinthe time addition of titrant must be followed. Add 04 HCI in
original container and agitate the sample until all of the;

di tish I ded in the oil. If the oriai increments of 0.100 mL throughout the titration with a 90-s
sediment IS homogeneously suspended in the ofl. € Or'g'narpause between each incremental addition. Take millivolt read-
container is a can, or if it is glassd more than three-fourths

full. t fer th i le t I | bottle havi ings at the end of each 90 s interval. Continue as above until a
ull, transier the entire sample 1o a cléar-giass botlle NaviNg Jstential is reached which is 100 mV past the meter reading
capacity at least one-third greater than the volume of th

. — “corresponding to that found for the standard acidic buffer
sample. Transfer all traces of sediment from the original P g

tainer to the bottle by vi itati £ oort fth solution (acidic buffer potential). If the volume of titrant
container 1o the bottie by vigorous agitation of portions o erequired to reach this potential (100 mV past the acidic buffer
sample in the original container.

10.3 After complete suspension of all sediment, strain th(%otennal) 's greater than 4.0 mL, reduce the sample size by
h

i i ne-half and repeat the titration.
sample or a convenient aliquot through a 150-um (100-mes 11.4.1.1 The meter readings of potential difference are
screen for the removal of large contaminated patrticles.

plotted manually or automatically against the respective vol-
Note 9—When samples are visibly free of sediment, the heatingumes of titrant, and the end point taken as described in 12.1.
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11.4.2 On completion of the titration, remove the titration

12.2 Calculate the base number and strong base number as

vessel and rinse the electrodes and buret tip with the titratiofollows:

solvent, then with water, then again with titration solvent.
(Soak electrodes in distilled water for at least 5 min before
using for another titratior). Store the glass electrode in

Base number, mg KOH/g [(A—B) X M X 56.1]W 2)
Strong base number, mg KOH&[(CM + Dm) X 56.1]W (3)

deionized or distilled water and the reference electrode in ayhere:

saturated solution of LiCl in isopropyl alcohol when notinuse A =

(see 8.1).

11.4.3 Blanks—For each set of samples, make a blank
titration of the same volume of titration solvent used for the B

sample. For the base number blank, addN. alcoholic HCI

solution in 0.05-mL increments, waiting 90 s between each

addition, until a potential which is 100 mV past the buffer M
potential (see 11.4) is reached. For the strong base numbéN
blank, add titrant under the same conditions until the potentialC

corresponding to the basic buffer solution is reached.

12. Calculation
12.1 If an inflection (see Note 12) occurs in thetential

region between the acidic buffer potential (see 11.4) and aM =
point 100 mV past this potentjahark this inflection as the end

point. If no inflection occurs in the above mentionaatential

alcoholic HCI solution, mL, used to titrate the sample
to the end point (nonaqueous acidic buffer or
inflection—see 12.1),

alcoholic HCI, mL, used to titrate the solvent blank to
the same potential at which the sample end point
occurs

molarity of the alcoholic HCI solution,

sample, g,

alcoholic HCI solution, mL, used to titrate the sample
to an end point that occurs at a meter reading corre-
sponding to the nonaqueous basic buffer (see 7.2)
alcoholic KOH solution, mL, used to titrate the solvent
blank to the potential corresponding to C, and
molarity of the alcoholic KOH solution.

D

13. Report

region, mark as the end point the point on the curve that 13.1 Report the results as base number, and strong base
corresponds to the acidic buffer potential. See Fig. 2 fomumber, Test Method D 4739.

examples of end points.

Note 12—An inflection point is generally recognizable by inspection

whenever at least five successive cell potential chanfesaused by the

14. Quality Control Checks
14.1 confirm the performance of the test procedure by

addition of the corresponding five increments of titrant, exhibit a maxi-analyzing a quality control (QC) sample that is, if possible,

mum as illustrated by an example in the following table.

Titrant, mL A, mV
1.8 8.3
19 10.7
2.0 11.3
21 10.0
2.2 7.9

representative of the samples typically analyzed.

14.2 Prior to monitoring the measurement process, the user
of the method needs to determine the average value and control
limits of the QC sample.

14.3 Record the QC results and analyze by control charts or
other statistically equivalent technique to ascertain the statis-

The A at the maximum should be at least 5 mV, and thetical control status of the total testing process. Any out of

differencein A between the maximum armbththe first and last
A should be at least 2 mV.

Potential,  _ygp
my

0 Endpoint

-200
Buffer
Potential ... _|
(Example)

Inflection is
Used as Endpoint
Only When it
Occurs in This
100 mv 100 mV Window
PastB.P.

mlof 0.1 N HCI

(A)Titration curve has no inflections. Take end point at the buffer potential.
(B)Titration curve has inflection within prescribed window. Take infection as the
end point.
(C)Titration curve has inflection prior to buffer potential but not in prescribed
window. Take end point at buffer potential.
FIG. 2 Example Titration Curves to lllustrate Selection of End
Points

control data should trigger investigation for root cause(s). The
results of this investigation may, but not necessarily, result in
instrument recalibration.

14.4 The frequency of QC testing is dependent on the
criticality of the quality being measured, the demonstrated
stability of the testing process, and customer requirement.
Generally, a QC sample should be analyzed each testing day.
The QC frequency should be increased if a large number of
samples are routinely analyzed. However, when it is demon-
strated that the testing is under statistical control, the QC
testing frequency may be reduced.

15. Precision and Bias’

15.1 Precision—The precision of this test method as deter-
mined by statistical examination of results on nine samples of
new and used oils run in duplicate by twelve different labora-
tories is as follows:

15.1.1 Base Number

15.1.1.1 Repeatability-The difference between two test
results, obtained by the same operator with the same apparatus

© Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR: D02-1217.
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under constant operating conditions on identical test material, Note 13—The range of base number values for which the precision
would, in the long run, in the normal and correct operation ofvalues were established was 0.5 to 70.

the test method, exceed the following value only in one case in 15 1 Strong Base NumbetPrecision data have not been

twenty: developed for strong base number because of its rare occur-
10.4 % of the mean of the two test results (4) rence.

15.1.1.2 Reproducibility—The difference between two  15.2 Bias—A statement of bias is not applicable since a

single and independent results obtained by different operatogtandard reference material for this property is not available.
working in different laboratories on identical test material,

would, in the long run, in the normal and correct operation of16. Keywords

the test method, exceed the following value only in one case in ) ]
twenty: 16.1 base number; lubricants; petroleum products; potentio-

metric titration
21.1 % of the mean of the two test results 5)

ANNEX
(Mandatory Information)

Al. APPARATUS

Al.1 Apparatus for Manual Titratior-Shall consist of the inner surface of the hemisphere. The entire electrical connec-
following: tion from the sealed contact cell to the meter terminal shall be

Al1.1.1 Meter—A voltmeter or potentiometer that will op- surrounded by an electrical shield that will prevent electrostatic
erate with an accuracy of0.005 V and a sensitivity a£0.002  interferences when the shield is grounded. The shield shall be
V, over a range of at least0.5 V, when the meter is used with insulated from the electrical connection by insulating material
the electrodes specified in A1.1.2 and A1.1.3, and when thef the highest quality, such as rubber and glass, so that the
resistance between the electrodes falls within the range fromesistance between the shield and the entire length of the
0.2 to 20 M). The meter shall be protected from stray electrical connection is greater than 50 000)M
electrostatic fields so that no permanent change in the meter o1 1.3 Calomel Electrode-A pencil-type calomel elec-

readings over the entire operating range is produced by,qe @, Fig. 1) 125 to 180 mm in length and 8 to 14 mm in
touching with a grounded lead (Note Al.1), any part of thegizmeter. This electrode shall be made of glass and shall be
exposed surface of the glass electrode, the glass electrode Ie@?’ovided with an external, removable glass sleeve on the sealed
g;ist:tsrtatl)(;n aStigg:cir?urotlT; rgqaegﬁqr' A Ideswat_)le apparatus magy, q ¢ js dipped into the titration solution. The glass sleeve
i g electronic voltmeter WlthshaII be 8 to 25 mm in length, shall be slightly tapered, and

specified range, accuracy, and sensitivity, that is designed t :
operate on an input of less thanG10 2A when an electrode Shall be ground to fit the electrode so that the sealed end of the

system having 1000 K resistance is connected across theelectrode protrudes 2 to 20 mm beyond the sleeve. The grou_nd
meter terminals, and that is provided with a satisfactorysqrface shall be continuous anq free of smooth spots. At a point
terminal to connect the shielded connection wire from the glaslidway between the extremities of the ground surface, the

electrode to the meter without interferences from the presencglectrode tube shall be pierced by a hole or holes 1 mm in
of external electrostatic field. diameter. The electrode shall contain the necessary mercury,

calomel and electrical connection to mercury, (calomel), or
silver-silver chloride (Ag/AgCl), all arranged in a permanent
manner. The electrode shall be filled almost to capacity with
A1.1.2 Glass Electrode-A pencil-type glass electrodey satu_rated L?CI in isopropyl alcohol electrol_yte and shall be
Fig i) '125 t0 180 mm in length and 8 to 14 mm in diameterequped with a stoppered port through which the electrolyte
: ‘may be replenished. When suspended in the air and with the

The body of the electrode shall be made of a chemically .
resistant glass tube with a wall thickness of 1 to 3 mm. The en leeve in place, the electrode shall not leak electrolyte at a rate
greater than one drop in 10 min.

dipping into the solution shall be closed with a hemisphere o
Corning 015 glass or equivalent sealed on to the electrode tube,Al.1.4 Stirrer—A variable-speed mechanical stirrer of any
and the radius of this hemisphere shall be about 7 mm. Theuitable type, equipped with a glass, propeller-type-stirring
thickness of the glass in the hemisphere shall be great enougaddle D, Fig. 1). A propeller with blades 6 mm in radius and
so that the resistance of the hemisphere is 100 to 1000aM  set at a pitch of 30 to 45° is satisfactory. A magnetic stirrer is
25°C. The electrode shall contain a reproducible, permanentlglso satisfactory. If electrical stirring apparatus is used, it must
sealed liquid cell for making electrical connection with the be grounded so that connecting or disconnecting the power to

Note Al.1—Groundedor connected to the groundheans connected
through a resistance of not more than ID@ a standard ground potential
such as that of a water-service pipe.
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the motor will not produce a permanent change in meteaccordance with Al1.1 and provide the following technical
reading during the courses of titration. performance characteristics of features:

Al.1.5Buret-A 5-mL buret €, Fig. 1) graduated in Al.2.1 The addition of titrant must be automatically con-

0.01-mL divisions and calibrated with an accuracy*dd.005 . : . :
mL. The buret shall have a glass stopcock and shall have a tifé]oned to dispense discontinuously 0.1800.001-mL incre-

that extends 100 to 130 mm beyond the stopcock. _ ents of titrant with a waiting period of 90 s between
A1.1.6 Titration Beaker—A 250-mL beaker made of boro- 'ncrements.

silicate glass, or other suitable titration beakéy, ig. 1). Al1.2.2 Interchangeable precision motor-driven burets with
A1.1.7 Titration Stané—A suitable stand to support the volume dispensing accuracy af0.001 mL.

electrodes, stirrer, and buret in the position shown in Fig. 1. An  A1.2.3 A record of the complete course of a titration by

arrangement that allows the removal of the beaker withougontinuously printing out the potential or change in potential

disturbing the electrodes, buret, and stirrer is desirable.  jth the addition of each increment of titrant, versus volume of

Al.2 Automatic titration system shall be generally in titrant added.

APPENDIX
(Nonmandatory Information)

X1. REDUCING TITRATION TIME

X1.1 A long, equilibration period of 90 s/increment was X1.2 There are many cases where the optimum in precision
selected for the base number titration because the titratioim the base number is not required, and in these cases the
reaction and electrode equilibration are generally slow. This, ofitration time can be shortened by taking a smaller sample. For
course, can lead to long titration time/sample, with a maximumexample, for a base number of 2 and using a sample size
time d 1 h based on a maximum volume of titrant of 4 mL and calculated from the equation in 11.1, a total titration time of 24
a rate of titrant addition of 0.1 mL/90 s. It is possible t0 min would be required. By taking only one half of the
substantially reduce the titration time by predosing with rapidprescribed sample size the titration time would be reduced to
addition of titrant until a potential within 25 mV of the buffer 15 i The affect of halving the sample size on the precision

potential is reached, then allowing 90 s for equilibration andy¢ (s test method has not been determined but it would be

completing the titration under normal conditions. This proce'expected to be small
dure is not expected to have an adverse affect on the precision '
of this test method; however, the precision under these condi-

tions has not been determined.

SUMMARY OF CHANGES

Subcommittee D02.06 has identified the location of selected changes to this standard since the last issue
(D 4739-96) that may impact the use of this standard.

(1) Placed relation to former base number portion in Test5) Clarified definitions and corrected chemical name for
Method D 664 in the scope. isopropy! alcohol.

?g%n;ggfe(sjat?tqlzlI(r)]}?.reference IP 139 (7) Inserted a new warning statement concerning possible
(4) Placed permission for commercial solutions and variationgerOXIde formapon n propano_l—2—o|.
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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).



