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INTERNATIONAL
Standard Test Methods for
Elemental Analysis of Lubricant and Additive Components—
Barium, Calcium, Phosphorus, Sulfur, and Zinc by
Wavelength-Dispersive X-Ray Fluorescence Spectroscopy  *
This standard is issued under the fixed designation D 4927; 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 standard has been approved for use by agencies of the Department of Defense.

1. Scope * 2.2 Test Method A (Internal Standard Procedutenternal

1.1 These test methods cover the determination of bariun$tandards are used with the standards and sample specimens to
calcium, phosphorus, sulfur, and zinc in unused lubricating oil§ompensate for the potential interelement effects.
at element concentration ranges from 0.03 to 1.0 mass % (0.01 2-2.1 Barium, Calcium, Phosphorus, and Ziré\ sample
to 2.0 mass % for sulfur). The range can be extended to high&Pecimen that has been blended with a single internal standard
concentrations by dilution of sample specimens. Additives caolution (containing tin or titanium for barium and calcium,
also be determined after dilution. Two different methods arezirconium for phosphorus, and nickel for zinc) is poured into
presented in these test methods. an X-ray cell. Total net counts (peak intensity—background)
1.2 Test Method A (Internal Standard Procedurenternal for each element and its respective internal standard are
standards are used to compensate for interelement effects gllected at their appropriate wavelengths. The ratios between
X-ray excitation and fluorescence (see Sections 1-12, and 19§_Iementa| and internal standard counts are calculated and
1.3 Test Method B (Mathematical Correction Procedute) converted into barium, calcium, phosphorus, or zinc concen-
The measured X-ray fluorescence intensity for a given elemenfations, or a combination thereof, from calibration curves.
is mathematically corrected for potential interference from 2.2.2 Sulfu—A sample specimen is mixed with a lead

13-19). 2.3 Test Method B (Mathematical Correction Procedute)
1.4 The preferred concentration units are mass percerfth€ measured intensity for a given element is mathematically
barium, calcium, phosphorus, sulfur, or zinc. corrected for the interference from other elements in the

1.5 This standard does not purport to address all of theS@mple specimen. This requires that intensities from all ele-
safety concerns, if any, associated with its use. It is thén€nts in the specimen be obtained.
responsibility of the user of this standard to establish appro- 2-3.1 The sample specimen is placed in the X-ray beam and

bility of regulatory limitations prior to use. phosphorus, sulfur, and zinc are measured. A similar measure-
ment is made away from the fluorescence lines in order to
2. Summary of the Test Methods obtain a background correction. Concentrations of the elements

2.1 Asample specimen is placed in the X-ray beam and thef interest are determined by comparison of net signals against
intensity of the appropriate fluorescence lines of barium@ppropriate interelement correction factors developed from
calcium, phosphorus, sulfur, and zinc are measured. Instrumef@sponses of calibration standards. o .
response factors related to the concentration of standards2-3.2 The X-ray fluorescence spectrometer is initially cali-
enable the determination of the concentration of elements iRrated with a suite of standards in order to determine by
the tested sample specimens. Enhancement or depression of fggression analysis, interelement correction factors and instru-
X-ray fluorescence of a given element by an interferingMent response factors.
element in the sample may occur. Two test methddan(dB) 2.3.3 Subsequent qalibration is .achieved using a smaller
are described for compensating any interference effect. number of standards since only the instrument response factors

need to be redetermined. One of these standards (or an optional
synthetic pellet) can be used to monitor instrumental drift when

*These test methods are under the jurisdiction of ASTM Committee D02 onperforming a high volume of analyses.
tpeee”g'gz”’(‘)‘;éﬁdglcet:q:r’]‘tdaILXEQEZ?S‘S and are the direct responsibility of Subcommit- 5 4 Additives and additive packages can be determined after

Currént edition approved Nov..10, 2001. Published January 2002. Originall)ﬂ”unon with base oil to place the elemental concentrations in
published as D 4927 — 89. Last previous edition D 4927 — 96. the range described in 1.1.

*A Summary of Changes section appears at the end of this standard.
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3. Significance and Use Reagents of the American Chemical Society, where such

3.1 Some oils are formulated with organo-metallic additivesSPecifications are avall'abi‘eOther grades may be used, pro-
which act as detergents, antioxidants, antiwear agents, and ¥i§led it is first ascertained that the reagent is of sufficiently
forth. Some of these additives contain one or more of thesBigh purity to permit its use without lessening the accuracy of
elements: barium, calcium, phosphorus, sulfur, and zinc. Thedd€ determination.
test methods provide a means of determining the concentration
of these elements which in turn provides an indication of the TEST METHODPéo(Ié\gDESFL\ISL STANDARD
additive content of these oils.

7. Reagents and Materials

7.1 Helium for optical path of spectrometer.
7.2 P-10 lonization Gas90 volume % argon and 10 volume

4. Interferences

4.1 The additive elements found in lubricating oils will
affect the measured intensities from the elements of interest t(% methane for the flow proportional counter

avarying degree. In general for lubricating oils, the X-radiation 7.3 Diluent Solventa suitable solvent free of metals, sulfur,

elmltted bY thﬁ eIemelnt of mterilst IS gbs)?rb%q b_y the pthe nd phosphorus (for example, kerosine, white oil, or xylenes).
elements in the sample matrix. Also, the X-radiation emitted - 4| +arnal Standard Materiats

from one element can further excite another element. These - , 4 Nickel Octoate preferably containing 5.6- 0.1 mass
effects are S|gn|f|can_t at concentrations varying from 0.03_ma5‘§,0 nickel. If the nickel concentration is higher or lower
% due to the heavier elements to 1 mass % for the IIghte(minimum concentration that can be used is 2.9.1 mass %
eIeT]ents._Thlcle measure% |?teni|ty f%r agwen efler;:ent can aﬁckel), the laboratory needs to adjust the amount of sample
mathematically corrected for the absorption of the emitteqgyean’in g1.1 1o yield an equivalent nickel concentration level
raQ|at|on by the other elements present in the sample SPECIMEY- the internal standard. Other nickel-containing organic ma-
_Swtable internal standards can alsc_> compensate _for_ X-TaYices (free of other metals, sulfur, and phosphorus) may be
mter-eleme_:nt effects. IT an element is present at Slgnlﬂc"mgubstituted provided the nickel is stable in solution, the
concentrations and an interelement correction for that eleme%ncentration is known=(2.5 = 0.1 mass % nickel), and the

is not employed, the results can be low due to absorption G, ratory can adjust the amount of sample taken in 8.1.1 to

high due to enhancement. yield an equivalent nickel concentration level in the internal
standard if the nickel concentration does not initially contain

5. Apparatus 5.0 = 0.1 mass % nickel.

5.1 X-Ray Spectrometeequipped for soft X-ray detection _ o _
of radiation in the range from 1 to 10 .AFor optimum NOT_E 2—_Many X-r_ay tubes emit copper X rays which increase in
sensitivity, the spectrometer is equipped with the following: Mtensity with age. This does not present a problem when using copper as
G . ith ch . hodi an internal standard for zinc providing that frequent calibrations are
5'1';[ X-Ray Generating Tubevith chromium, rhodium, or performed. No problem exists when using nickel as internal for zinc and
scandium t?‘rget- Other target§ can also be employed. nickel is the preferred internal standard material.
5.1.2 Heliuro, putapable ontical. nath, : el 7.4.2 Titanium 2-Ethylhexoide or Tin Octoat@referably
5.1.3 Interchangeable Crystalsgermanium, lithium fluo- . o . S
. . containing 8.0= 0.1 mass % titanium or tin. If the titanium or
ride (LIF,q0), graphite, or polyethylene terephthalate (PET), or.. T o .
L2000 tin concentration is higher or lower (minimum concentration
a combination thereof. Other crystals can also be used.

5 1.4 Pulse-Heiaht Analvzeror other means of ener that can be used is 4.8 0.1 mass % titanium or tin), the
disérihination 9 yze ay laboratory needs to adjust the amount of sample taken in 8.1.1

. L to yield an equivalent titanium or tin concentration level in the
5.1.5 Detector flow proportional, or scintillation, or flow . o : L :
. AT internal standard. Other titanium or tin containing organic
proportional and scintillation counter.

. . . matrices (free of other metals, sulfur, and phosphorus) may be
ofsﬁgningki?otﬂnegg?mnf?é Slt_llr_rirbtct)lregltrasomc Batbapable substituted, provided the titanium or tin is stable in solution,
53 X-Rg Disposable Plastic Cejlswith suitable film the concentration is knowre(4.0 = 0.1 mass % titanium or
g Y po: . tin), and the laboratory can adjust the amount of sample taken

window. Suitable films include Myldr polypropylene, or

polyimid with film thicknesses between 0.25 to 0.35 mil (6 3toin 8.1.1 to yield an equivalent titanium or tin concentration
8.8 m) ) ' ’ level in the internal standard if the titanium or tin concentration

does not initially contain 8.6t 0.1 mass % titanium or tin.

Note 1—Some films contain contamination of the elements of interest 7.4.3 Zirconium Octoate preferably containing 12.6- 0.1
(Mylar in particular). The magnitude of the contamination is assessed anfhass % zirconium. If the laboratory uses zirconium octoate
the same film batch used throughout the entire analysis. with a lower mass % zirconium concentration level, the
6. Purity of Reagents laboratory needs to evaporate away the petroleum solvent to

6.1 Reagent grade chemicals shall be used in all tests.
Unless otherwise '”d',cate,d’ itis intended th?.t all reagents .Sha" 3Reagent Chemicals, American Chemical Society Specificatibmerican
conform to the specifications of the Committee on Analyticalchemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, sAealar Standards for Laboratory
Chemicals BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia

and National FormularyU.S. Pharmacopeial Convention, Inc. (USPC), Rockville,
2 A registered trademark of E. I. du Pont de Nemours and Co. MD.
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yield a solution that contains 128 0.1 mass % zirconium. concentration in the internal standard blend that is prepared
Other zirconium containing organic matrices (free of otheraccording to the following equations:
metals, sulfur, and phosphorus) may be substituted, provided A= 240% (5/X) @
the zirconium is stable in solution and the concentration is
known and does not exceed 12t00.1 mass % zirconium. If
the zirconium concentration is <12.& 0.1 mass %, the
laboratory needs to evaporate away the petroleum solvent to
yield a solution that contains 126 0.1 mass % zirconium.

7.4.4 Lead Naphthenatecontaining 24.0+ 0.1 mass %  where:

B=30X (8/y) (2

C=720-[A+B] ©)

lead. A = nickel containing material in blend, g,
7.5 Calibration Standard Materials B = titanium or tin containing material in blend, g,
C = diluent to add to blend, g,

Note 3—In addition to calibration standards identified in 7.5.1-7.5.5,

single-element or multielement calibration standards may also be prepareé nickel in material chosen as an internal standard,

from materials similar to the samples being analyzed, provided the mass %, and . )
calibration standards to be used have previously been characterized by = titanium or tin in material chosen as an internal
independent primary (for example, gravimetric or volumetric) analytical standard, mass %.

techniques to establish the elemental concentration mass % levels. 8.2 Sulfur.

7.5.1 Barium 2-Ethylhexoide or Sulfonataith concentra- ~ 8.2.1 Lead Naphthenate (Warning—Hazardous. Lead
tions =4 mass % barium and certified to better thaf.1%  haphthenate is toxic and precautions should be taken to avoid

relative, so that calibration standards can be prepared as staté#palation of vapors, ingestion, or skin contact.) 24 mass %
in9.1.1 and 9.1.2. lead, serves as a suitable internal standard. No further treatment
7.5.2 Calcium Octoate or Sulfonatevith concentrations=  0f this compound is necessary.
4 mass % calcium and certified to better tha@.1 % relative, P i f Calibration Standard
so that calibration standards can be prepared as stated in 9.19.1 reparation of Lafibration standards
and 9.1.2. 9.1 Barium, Calcium, Phosphorus, and Zinc
7.5.3 Bis(2-Ethylhexyl)Hydrogen Phosphaté7 % purity 9.1.1 For concgntrations less than 0.1 mass %, prepare
(962 mass % phosphorus)_ Other phosphorus Containir@andards Contalnlng 000, 0.01, 0025, 0050, 0.075, and 0.10
organic matrices (free of other metals) may be substitutedh@ss % of each respective element in the diluent solvent.
provided the phosphorus is stable in solution and the concen- 9.1.2 For concentrations greater than 0.1 mass %, prepare
tration is =4 mass % phosphorus and certified to better tharptandards containing 0.00, 0.10, 0.25, 0.50, 0.75, and 1.00 mass
+0.1 % relative, so that calibration standards can be prepared of each respective element in the diluent solvent.
as stated in 9.1.1 and 9.1.2. 9.1.3 Dispense 1.00& 0.001 g of the zirconium internal
7.5.4 Zinc Sulfonate or Octoatewith concentration=4  Standard solution described in 7.4.3 into a 30-mL bottle.
mass % zinc and certified to better thai®.1 % relative, so Prepare an individual bottle for each of the calibration stan-
that calibration standards can be prepared as stated in 9.1.1 adards.
9.1.2. 9.1.4 Dispense 1.00& 0.001 g of the internal standard
7.5.5 Di-n-Butyl Sulfide 97 % purity, (21.9 mass % sulfur). solution d_escr_ibed in 8.1.1 into a 30-mL bottle. Repeat for all
Other sulfur containing organic matrices (free of metals) mayf the calibration-standard bottles. _
be substituted, provided the sulfur is stable in solution and the 9-1.5 Add 8.00= 0.001 g of each standard to a respective
concentration is=2 mass % sulfur and certified to better than Pottle containing the internal standards and shake or stir well
+0.1% relative, so that calibration standards can be prepard@inimum of 10 min) to mix the constituents.
as stated in 9.1.2. 9.2 Sulfur.
7.6 Quality Control (QC) Samplegpreferably are portions 9.2.1 Prepare fivg standgrds covering the range from 0.00 to
of one or more lubricating oils or additives that are stable and-00 mass% sulfur in the diluent solvent.
representative of the samples of interest. These QC samples9.2.2 Dispense 1.00& 0.001 g of lead internal standard
can be used to check the validity of the testing process anito 30-mL bottles (one bottle for each standard).

performance of the instrument as described in Section 11. ~ 9.2.3 Add 9.000% 0.001 g of each standard to each
respective bottle containing internal standard. Shake or stir

8. Preparation of Internal Standards contents for a minimum of 10 min using apparatus defined in
8.1 Barium, Calcium, Phosphorus, and Zinc 5.2.
8.1.1 Dispense 24& 0.5 g of nickel octoate (5.00 0.1 o ) .
mass % nickel), 36 0.1 g of titanium 2-ethylhexoide (86  10- Instrument Calibration for Barium, Calcium,
0.1 mass % titanium) or 3& 0.1 g of tin octoate (8.0- 0.1 Phosphorus, Sulfur, and Zinc
mass % tin), and 45 1 g of diluent solvent into a 1-L bottle. 10.1 Fill respective X-ray cups at least half full with the
Shake or stir the bottle for a minimum of 10 min. If the calibration standard solutions. Make sure that no wrinkles or
laboratory uses internal materials that have different elementdlulges are present in the film. The film must be flat.
concentrations than those explicitly stated in 7.4.1 and 7.4.2, it 10.2 Place the sample cups in the X-ray beam in order to
will be necessary for the laboratory to adjust the amount ofneasure and record the net intensity (peak intensity—
sample taken in order to obtain an equivalent elementabackground intensity) for both the analyte signal and the
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