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This standard is issued under the fixed designation D 874; 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 test method has been approved by the sponsoring committees and accepted by the cooperating societies in accordance with
established procedures.
This standard has been approved for use by agencies of the Department of Defense.
1. Scope D 482 Test Method for Ash from Petroleum Proddcts

1.1 This test method covers the determination of the sul- D 1193 Specification for Reagent Water
fated ash from unused lubricating oils containing additives and D 4057 Practice for Manual Sampling of Petroleum and
from additive concentrates used in compounding. These addi- _Petroleum Products _ _
tives usually contain one or more of the following metals; D 4177 Practice for Automatic Sampling of Petroleum and

barium, calcium, magnesium, zinc, potassium, sodium, and tin. _ Petroleum Products o .

The elements sulfur, phosphorus, and chlorine can also be D 6299 Practice for Applying Statistical Quality Assurance

present in combined form. Techniques to Evaluate Analytical Measurement System
1.2 Application of this test method to sulfated ash levels Performance

below 0.02 mass % is restricted to oils containing ashles

additives. The lower limit of the method is 0.005 mass %

sulfated ash.

3. Terminology

3.1 Definitions:
3.1.1 sulfated ash-the residue remaining after the sample

Note 1—This test method is not intended for the analysis of usedhag heen carbonized, and the residue subsequently treated with
engine oils or oils containing lead. Neither is it recommended for the,

analysis of nonadditive lubricating oils, for which Test Method D 482 canSl'IIfurIC acid and heated to constant weight.

be used. 4. Summary of Test Method
Note 2—There is evidence that magnesium does not react the same as y

other alkali metals in this test. If magnesium additives are present, the data 4.1 The sample is ignited and burned until only ash and
is interpreted with caution. carbon remain. After cooling, the residue is treated with

Note 3—There is evidence that samples containing molybdenum casulfuric acid and heated at 775°C until oxidation of carbon is
give low results because molybdenum compounds are not fully recovere@ommete_ The ash is then cooled, re-treated with sulfuric acid,
at the temperature of ashing. and heated at 775°C to constant weight.

1.3 The values given in Sl units are to be regarded as the
standard. 5. Significance and Use

1.4 This standard does not purport to address all of the 5.1 The sulfated ash can be used to indicate the concentra-
safety concerns, if any, associated with its use. It is thaion of known metal-containing additives in new oils. When
responsibility of the user of this standard to establish approphosphorus is absent, barium, calcium, magnesium, sodium
priate safety and health practices and determine the applicaand potassium are converted to their sulfates and tin (stannic)

bility of regulatory limitations prior to use. and zinc to their oxides (Note 5). Sulfur and chlorine do not

interfere, but when phosphorus is present with metals, it

2. Referenced Documents remains partially or wholly in the sulfated ash as metal
2.1 ASTM Standards: phosphates.

Note 4—Since zinc sulfate slowly decomposes to its oxide at the

) ) o . ignition temperature specified in the method, samples containing zinc can
L This test method is under the jurisdiction of ASTM Committee D-2 on

Petroleum Products and Lubricants and is the direct responsibility of Subcommittee———————

D02.03 on Elemental Analysis. 2 Annual Book of ASTM Standardgol 05.01.
In the IP, this method is under the jurisdiction of the Standardization Committee. * Annual Book of ASTM Standardgol 11.01.
Current edition approved Jan. 10, 2000. Published March 2000. Originally “Annual Book of ASTM Standardgol 05.02.

published as D 874 — 46. Last previous edition D 874 — 96. 5 Annual Book of ASTM Standardgol 05.03.
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give variable results unless the zinc sulfate is completely converted to the 7.4 Sulfuric Acid (relative density 1.84YConcentrated sul-
oxide. furic acid (H,SQ,). (Warning—Poison. Corrosive. Strong

5.2 Because of above inter-element interferences, experbxidizer.)
mentally obtained sulfated ash values may differ from sulfated 7.5 Sulfuric Acid (1 + 1)—Prepare by slowly adding 1
ash values calculated from elemental analysis. The formatioviolume of concentrated sulfuric acid (relative density 1.84) to
of such non-sulfated species is dependent on the temperaturebizolume of water with vigorous stirringWarning—Mixing
ashing, time ashed, and the composition of metal compound§is acid into water generates considerable heat. When neces-
present in oils. Hence, sulfated ash requirement generallgary, cool the solution before adding more acid. Do not allow
should not be used in product specifications without a cleathe solution to boil.)
understanding between a buyer and a seller of the unreliability 7.6 Propan-2-ol (Warning—Flammable, can be explosive
of an ash value as an indicator of the total metallic compoundvhen evaporated to or near dryness.)
content® 7.7 Toluene (Warning—Flammable, toxic.)

7.8 Quality Control (QC) Samplegreferably are portions
) ) ) of one or more liquid petroleum materials that are stable and
6.1 Evaporating Dish or Crucible;50 to 100-mL for epresentative of the samples of interest. These QC samples

samples containing more than 0.02 mass % sulfated ash, or 129, ne used to check the validity of the testing process as
to 150-mL for samples containing less than 0.02 mass %escribed in Section 12.

sulfated ash, and made of porcelain, fused silica, or platinum.
(Warning—Do not use platinum when the sample is likely to 8. Sampling
contain elements such as phosphorus, which attack platinumg 1 Optain samples in accordance with the instructions in
under the conditions of the test.) Practice D 4057 or D 4177. The sample shall be thoroughly
Note 5—For best results on samples containing less than 0.1 mass 9®ixed before removal of the laboratory test portion.
sulfated ash, platinum dishes are used. The precision values shown in
Section 13 for this type of sample were so obtained. 9. Procedure
6.2 Electric Muffle Furnace—The furnace shall be capable 9.1 Select the size of the evaporating dish or crucible
of maintaining a temperature of 775 25°C and preferably —according to the quantity of sample necessary (see 9.3).
have apertures at the front and rear to allow a slow natural draft 9-2 Heat the evaporating dish or crucible that is used for the

6. Apparatus

of air to pass through the furnace. test at 775+ 25°C for a minimum of 10 min. Cool to room
6.3 Balance capable of weighing to 0.1 mg. temperature in a suitable container and weigh to the nearest 0.1
7. Reagents mg.

7.1 Purity of Reagents-Reagent grade chemicals shall be N_OTE 7—The container in which the dish is cooled does not contain a
c{esmcatmg agent.

used in all tests. Unless otherwise indicated, it is intended thal
all reagents shall conform to the specifications of the Commit- 9.3 Weigh into the dish a quantity of sample given as
tee on Analytical Reagents of the American Chemical Societyfollows:

where such specifications are available, or to other recognized W= 10/a (1)
standards for reagent chemical®ther grades may be used,

provided it is first ascertained that the reagent is of sufficiently Where: ,

high purity to permit its use without lessening the accuracy of W = mass of test specimen, g, and

the determination. a = expected sulfated ash, mass %.

7.2 Purity of Water—Unless otherwise indicated, references How_eve_r, do_not ta_l§e a quantity in excess 0f80g. In the case
to water shall be understood to mean reagent water defined Iubncatnjg ol addltlv_es yielding a ;ulfated gsh o_f 2 mass %
Types Il or Il of Specification D 1193. r more, dll'ute the Welghed sample in the dish 'Wlth approxi-

7.3 Low-Ash Mineral Oil—White oil having a sulfated ash Matély 10 times its weight of low-ash mineral oil.

lower than the limit capable of being determined by this Nore 8—If the amount of sulfated ash found differs from the expected
method. amount by more than a factor of two, repeat the analysis with a different

) o ~weight of sample calculated from the first analysis.
Note 6—Determine the sulfated ash of this oil by the procedure given . . .
in 9.1-9.11 below using 100 g of white oil weighed to the nearest 0.5 gin 9-4 Heat the dish or crucible and sample carefully until the

a 120 to 150-mL platinum dish. Deduct the sulfuric acid blank ascontents can be ignited with a flame. Maintain at such a
described in 9.11. temperature that the sample continues to burn at a uniform and
moderate rate. When burning ceases, continue to heat gently
® Further discussion of these interferences can be found in Nadkarni, R. Auntil no further smoke or fumes are evolved.
Ledesma, R. R., and Via, G. H., “Sulfated Ash TM: Limitations of Reliability and 9. 4.1 |If the sample contains sufficient moisture to cause
Reproducibility,” SAE Technical Paper No. 952548, available from SAE, 400 . . . .
Commonwealth Drive, Warrendale, PA 15096-0001, U.S.A. foaming and loss of material from the dish, discard the sample
7Reagent Chemicals, American Chemical Society Specificatbmerican  and to an additional sample add 1 to 2 mL of 99 % propan-2-ol
Chemical Society, Washington, DC. For suggestions on the testing of reagents nf{\/arning—Flammable) before heating. If this is not satisfac-

listed by the American Chemical Society, s@galar Standards for Laboratory ;
Chemicals BDH Ltd., Poole, Dorset, U.K., and thdnited States Pharmacopeia tory, add 10 mL of a mixture of equal volumes of toluene

and National FormularyU.S. Pharmacopeial Convention, Inc. (USPC), Rockville, (Warning—FIammabIe, Vapor ha’jmeL) and prop.an-z-ol anq
MD. mix thoroughly. Place several strips of ashless filter paper in
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the mixture and heat; when the paper begins to burn, theonfirm the reliability of the test result.

greater part of the water will have been removed. 12.1.2 When there is no QC/QA protocol established in the
9.5 Allow the dish to cool to room temperature, thentesting facility, Appendix X1 can be used as the QC/QA

completely moisten the residue by the dropwise addition oBystem.

sulfuric acid (relative density 1.84). Carefully heat the dish at o )

a low temperature on a hot plate or over a gas burner, avoiding3: Precision and Bias

spattering, and continue heating until fumes are no longer 13.1 The precision of this test method as determined by

evolved. statistical examination of interlaboratory results is as follows:
9.6 Place the dish in the furnace at 7725°C and continue 13.1.1 For sulfated ash levels between 0.005 and 0.10

heating until oxidation of the carbon is complete or almostmass %.

complete. 13.1.1.1 Repeatability—The difference between two test
9.7 Allow the dish to cool to room temperature. Add 3 dropsresults obtained by the same operator with the same apparatus

of water and 10 drops of sulfuric acid (1 + 1). Move the dish sounder constant operating conditions on identical test materials

as to moisten the entire residue. Again heat the dish imwould, in the long run in the normal and correct operation of

accordance with 9.5. the test method, exceed the following values only in one case
9.8 Again place the dish in the furnace at 7#225°C and  in twenty:

maintain at that temperature for 30 min. Cool the dish to room

i i ; = 0.047X°85 3
temperature in a suitable container (see Note 7). ' ®

_ whereX = average of two results.
Note 9—Zinc dialkyl or alkaryl dithiophosphates and blends contain- 13.1.1.2 Reproducibility—The difference between two
ing these additives can give a residue which is partially black at this stageSingle and independent results obtained by different operators
In this case, repeat 9.7 and 9.8 until a white residue is obtained. . . . A . . .
i i ) working in different laboratories on identical test material
9.9 Weigh the dish and residue to the nearest 0.1 mg.  \yould, in the long run in the normal and correct operation of

'9.10 Repeat 9.8 and 9.9 until two successive weighingghe test method, exceed the following values in only one case
differ by no more than 1.0 mg. in twenty:

Note 10—Normally one repeat will suffice, unless a high proportion of R = 0.189X°85 (4)
zinc is present, when three or four heating periods can be required.

9.11 For samples expected to contain 0.02 mass % or less of
sulfated ash, determine a sulfuric acid blank by adding 1 mL of
the concentrated sulfuric acid to a tared platinum dish or Note 11—The precision values in the range from 0.005 to 0.10 mass %
crucible, heating until fumes are no longer evolved and theigulfated ash were obtained by statistical examination of interlaboratory
heating in the furnace at 775 25°C for 30 min. Cool the dish test results obtained in a joint ASTM-IP cooperative program conducted in

. . L . 1975. Only platinum dishes were used.
or crucible to room temperature in a suitable container (seé
the sulfuric acid, make an adjustment to the weight of sulfated 13.1.2.1Repeatability-The difference between two test
ash obtained by subtracting the weight of ash contributed bjesults obtained by the same operator with the same apparatus
the sulfuric acid, determined from the total volume of sulfuric Under constant operating conditions on identical test materials
acid used and the weight of ash found for the 1-mL blank, fromould, in the long run in the normal and correct operation of
the total grams of sulfated ash for the sample. Use thighe test method, exceed the following values in only one case

corrected weighty, in calculating the percent sulfated ash. in twenty:

whereX = average of two results.
13.1.1.3 Specimen data are shown in Table 1.

10. Calculation r = 0.060X°75 ®)
10.1 Calculate the sulfated ash as a percentage of the WhereX =average of two results.
original sample as follows: 13.1.2.2 Reproducibility—The difference between two

single and independent results obtained by different operators

Sulfated ash % X 100 2 C ; ; : .
ulfated ash, mass $ (W) @ working in different laboratories on identical test material
where: would, in the long run in the normal and correct operation of
w = grams of sulfated ash, and the test method, exceed the following values in only one case
W = grams of sample used. in twenty:
11. Report R=0.142X>"7 (6)

11.1 Report the result to the nearest 0.001 mass % for whereX = average of two results.
samples below 0.02 mass % and to the nearest 0.01 mass % for

higher levels as the sulfated ash, Test Method D 874. TABLE 1 Precision at Levels Below 0.10 %

12. Qua“ty Control Sulfated Ash, mass % Repeatability Reproducibility
12.1 Confirm the performance of the instrument or the test 0.005 0.0005 0.0021

procedure by analyzing a QC sample (see 7.8). 8-820 g-gggg g-g(l)jg
12.1.1 When QC/Quality Assurance (QA) protocols are 010 0.0066 00267

already established in the testing facility, these may be used to
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13.1.2.3 Specimen data are shown in Table 2. test results obtained in a joint ASTM-IP cooperative program conducted in

1981
Note 12—The precision values in the range from 0.10 to 25 mass %
sulfated ash were obtained by statistical examination of interlaboratory 13.2 Bias—There is no accepted reference material suitable

TABLE 2 Precision at Levels Above 0.10 % for determining the bias of the procedures in this test method
Sulfated Ash, mass % Repeatability Reproducibility for measuring ash.
0.5 0.036 0.084
1.0 0.060 0.142 14. Keywords
5.0 0.201 0.475 . o .
10.0 0.337 0.799 14.1 additives; ash; lubricating oils
20.0 0.567 1.343
25.0 0.671 1.588
APPENDIX

(Nonmandatory Information)

X1. QUALITY CONTROL

X1.1 Confirm the performance of the instrument or the testest method, the frequency of QC testing is dependent on the
procedure by analyzing a QC sample. criticality of the quality being measured, the demonstrated

: . stability of the testing process, and customer requirements.
X1.2 Prior to monitoring the measurement process, the usex nerally, a QC sample is analyzed each testing day with

of the test method needs to determine the average value ang i : :
o . utine samples. The QC frequency should be increased if a
control limits of the QC sample (see Practice D 6299 and MNLIarge number of samples are routinely analyzed. However,

8
7 when it is demonstrated that the testing is under statistical
X1.3 Record the QC results and analyze by control chart§ontrol, the QC testing frequency may be reduced. The QC
or other statistically equivalent techniques to ascertain théample precision should be checked against the ASTM method
statistical control status of the total testing process (see Practid$ecision to ensure data quality.

D 6299 and MNL 7). Any out-of-control data should trigger  X1.5 It is recommended that, if possible, the type of QC
investigation for root cause(s). sample that is regularly tested be representative of the material
- . . . routinely analyzed. An ample supply of QC sample material
X1.4 In the absence of explicit requirements given in theshould be available for the intended period of use, and must be
homogenous and stable under the anticipated storage condi-
8 ASTM MNL 7 “Manual on Presentation of Data Control Chart Analysis}” 6 tions. See Practice D_6299 and_ MNL 7 for further guidance on
ed., available from ASTM Headquarters. QC and control charting techniques.

SUMMARY OF CHANGES

Sub-committee D02.03 has identified the location of selected changes to this standard since the last issue
(D 874 — 94) that may impact the use of this standard.

(1) Updated warnings in Section 7. (3) Inserted QC statements in Section 7 and QC section
(2) Modified Referenced Documents in Section 2. (Section 12).

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).



