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Standard Test Method for
Residues in Liquefied Petroleum (LP) Gases1

This standard is issued under the fixed designation D2158; 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 epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This test method covers the determination of extraneous
materials weathering above 38 °C that are present in liquefied
petroleum gases. The extraneous materials will generally be
dissolved in the LPG, but may have phase-separated in some
instances.

1.2 Liquefied petroleum gases that contain certain anti-icing
additives can give erroneous results by this test method.

1.3 Although this test method has been used to verify
cleanliness and lack of heavy contaminants in propane for
many years, it might not be sensitive enough to protect some
equipment from operational problems or increased mainte-
nance. A more sensitive test, able to detect lower levels of
dissolved contaminants, could be required for some applica-
tions.

1.4 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this
standard.

1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

D96 Test Method for Water and Sediment in Crude Oil by
Centrifuge Method (Field Procedure) (Withdrawn 2000)3

D1796 Test Method for Water and Sediment in Fuel Oils by

the Centrifuge Method (Laboratory Procedure)
D1835 Specification for Liquefied Petroleum (LP) Gases
E1137 Specification for Industrial Platinum Resistance Ther-

mometers
E2251 Specification for Liquid-in-Glass ASTM Thermom-

eters with Low-Hazard Precision Liquids
E2877 Guide for Digital Contact Thermometers

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 oil stain observation, n—the volume of solvent-

residue mixture required to yield an oil stain or ring that
persists for 2 min under specified conditions on absorbent
paper.

3.1.2 residue, n—the volume, measured to the nearest
0.05 mL, of the residual material boiling above 38 °C resulting
from the evaporation of 100 mL of sample under the specified
conditions of this test method.

3.1.3 solvent-residue mixture, n—a mixture (solution) of
10 mL of solvent with any residue remaining in the centrifuge
tube at the conclusion of the first step in this test method.

4. Summary of Test Method

4.1 A 100 mL sample of liquefied petroleum gas is weath-
ered in a 100 mL centrifuge tube. The volume of residue
remaining after heating the tube to 38 °C is measured and
recorded.

4.2 To dissolve any residue, 10 mL of solvent is added to the
centrifuge tube. Small, measured volumes of solvent-residue
mixture are deposited on an absorbent paper in a specified
manner. The appearance of the absorbent paper to which the
residue solution has been added in measured increments is
observed and recorded.

5. Significance and Use

5.1 Control over the residue content (required by Specifica-
tion D1835) is of considerable importance in end-use applica-
tions of LPG. In liquid feed systems, residues can lead to
troublesome deposits and, in vapor withdrawal systems, resi-
dues that are carried over can foul regulating equipment.
Residues that remain in vapor-withdrawal systems will

1 This test method is under the jurisdiction of ASTM Committee D02 on
Petroleum Products, Liquid Fuels, and Lubricants and is the direct responsibility of
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accumulate, can be corrosive, and will contaminate subsequent
product. Water, particularly if alkaline, can cause failure of
regulating equipment and corrosion of metals.

6. Interferences

6.1 Solid contaminants such as rust, scale or dirt can
interfere with this test method, which is not intended for
representative measurement of solid, undissolved contami-
nants. However, the presence of solids in the centrifuge tube
should be reported.

7. Apparatus

7.1 Centrifuge Tube, 100 mL graduated, conforming to
dimensions given in Fig. 1. The first 0.5 mL shall be graduated
in 0.05 mL increments. The shape of the lower tip of the tube

is especially important. The taper shall be uniform and the
bottom shall be rounded as shown in Fig. 1. Tubes shall be
made of thoroughly annealed heat-resistant glass. Volumetric
graduation tolerances, based on air-free water at 20 °C, are
given in Table 1. Detailed requirements for centrifuge tubes
appear in Test Methods D96 and D1796.

7.2 Cooling Coil and Cooling Bath, a minimum length of
6 m of 5 mm to 7 mm outside diameter copper tubing wound to
a diameter of 63.5 mm 6 1.5 mm outside diameter, and
assembled in a suitable cooling bath. (See Fig. 2 as an
example.)

7.2.1 Mechanical refrigeration is permitted provided that
the coolant temperature is below −43 °C. If dry ice is used, a
non-glass dewar or vessel is recommended.

FIG. 1 Cone-Shaped Centrifuge Tube, 203 mm
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7.3 Syringe, 2 mL graduated in 0.1 mL and equipped with a
needle 200 mm 6 5 mm long. The needle may be either a sharp
needle (ordinary medical syringe needle) or a safe, non-sharp
syringe needle to avoid a puncture hazard. Alternatively, an
equivalent liquid dispensing device capable of delivering
0.1 mL increments may be used, such as a 0.1 mL pipet.

7.4 Temperature Measuring Device, that is intrinsically
safe, with accuracy equal to or better than liquid-in-glass
thermometer ASTM S5C described in Specification E2251.
Guide E2877 and Specification E1137 may be useful for
selecting a digital contact thermometer.

7.4.1 For routine testing, a general purpose thermometer or
a digital contact thermometer with 0.5 °C subdivisions or
display resolution and a maximum error of 0.5 °C may be used.

NOTE 1—When a thermometer or a water bath, or both, are not
available, for example when conducting a field test, a satisfactory
alternative for screening purposes is to warm the tip of the centrifuge tube
with the hand.

7.5 Absorbent Paper, white, at least 100 mm diameter.
Medium grade or rapid filter paper has been found to be
satisfactory. In this test method, the paper will be referred to as
“filter paper.”

7.6 Solvent Wash Bottle, typically polyethylene.

7.7 Water Bath, controlled at 38 °C 6 2 °C.

7.8 Copper Wire, 1 mm to 2 mm diameter, at least 10 mm
longer than the centrifuge tube’s height.

7.9 Clamp, suitable for holding the centrifuge tube during
weathering.

8. Reagents and Materials

8.1 Solvent—HPLC-grade pentane or cyclopentane. An-
other grade of solvent may be used provided that it meets the
requirements of 10.2.

8.1.1 Although pentane is the preferred solvent for use in
this test method, cyclopentane may be substituted for pentane
whenever the ambient temperature or altitude is too high to
enable the convenient handling of pentane.

8.1.2 Storage of solvent in a polyethylene wash bottle for
several days contaminates the solvent. Therefore, do not use
any solvent that has remained in a polyethylene wash bottle for
more than one day.

9. Hazards

9.1 Note that there is a significant fire hazard from LPG
vapors, and since the boiling point of LPG can be as low as
−41 °C, there is a risk of freezing “burns.” Take appropriate
safety precautions to prevent ignition or fire, and wear suitable
protective equipment to protect against skin contact with liquid
or vaporizing LPG.

9.2 Operators should wear a grounded antistatic wrist strap.
The use of an antistatic floor mat and grounding the sample
cylinder are also advised.

9.3 When using a cooling bath of dry ice and hydrocarbon
solvent, be aware that the bath can ‘bump’ or splatter cold
liquid when LPG is passed through the tubing.

10. Preparation of Apparatus

10.1 Wash all glassware that is to be used in the test in the
selected solvent.

10.2 Verification of cleanliness of glassware and solvent.
10.2.1 Add 10 mL of a new sample of solvent to the

centrifuge tube.
10.2.2 Mark the center of the filter paper with a pencil or

other non-pentane-soluble writing tool.
10.2.3 Fill the syringe or equivalent liquid dispensing de-

vice (see 7.3) with a portion of the solvent drawn from the
centrifuge tube and direct 0.1 mL portions of the solvent to the
mark on the paper.

10.2.3.1 The solvent is added in 0.1 mL increments to
confine the solvent ring to a circle about 30 mm to 35 mm in

TABLE 1 Centrifuge Tube Graduation Tolerances

Range, mL
Scale, Division,

mL
Limit of Error,

mL

0.0 to 0.1 0.05 0.02
0.1 to 0.3 0.05 0.03
0.3 to 0.5 0.05 0.05
0.5 to 1.0 0.1 0.05
1.0 to 3.0 0.1 0.1
3.0 to 5.0 0.5 0.2
5.0 to 25.0 1.0 0.5
25.0 to 100.0 1.0 1.0

NOTE 1—Coils in the drawing are extended for clarity.
FIG. 2 Precooling Equipment
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diameter. The filter paper should be held level during the
solvent addition. One method is to place it on a 250 mL beaker.

10.2.4 Allow the solvent to evaporate for 2 min, and note
the persistence of an oil ring.

10.2.4.1 The presence of an oil ring shall be observed by
holding the dry filter paper between the eye and a bright
incandescent light or strong daylight.

10.2.4.2 If no oil ring appears after 1.5 mL of solvent has
been added, the solvent and glassware are satisfactory.

10.2.4.3 The appearance of an oil ring indicates either
improperly cleaned glassware or contaminated solvent.

11. Procedure

11.1 Residue Measurement:
11.1.1 If the LPG sample is expected to be clean, with no

residues or contaminants that could result in an oil stain, the
procedure may be performed without a cooling coil. However,
if a residue or oil stain is detected using this screening
procedure (that is, a residue is measured at greater than or
equal to 0.05 mL in 11.1.7, or an oil stain is generated with
1.5 mL of test solution in 11.2.4), the test shall be repeated
using a cooling coil.

11.1.2 Attach the cooling coil to the LPG sample source,
cool the coil to below the boiling point of the sample, and flush
the coil and sampling line.

11.1.3 Rinse and cool the centrifuge tube with the material
to be sampled and then fill it to the 100 mL mark with a
representative sample of LPG.

11.1.4 Immediately insert the copper wire through a clean,
slotted cork or a clean, loose-fitting plug of cotton or cleansing
tissue in the mouth of the centrifuge tube. The wire helps to
prevent superheating and resulting bumping (erratic or exces-
sive boiling), and the cork (or plug) will keep out air or
moisture while the sample is weathering.

11.1.5 If more than 10 mL of the sample is lost because of
bumping, obtain a new sample and repeat the test.

11.1.6 Allow the sample to weather, using artificial heating
if the ambient temperature or type of sample requires it. If,
when weathering has ceased and the tube has reached ambient
temperature, a visible residue remains, place the tip of the tube
in a water bath at 38 °C for 5 min.

NOTE 2—Residues that are volatile at 38 °C, such as most gasoline
components and lighter diesel fuel components, will evaporate at this
temperature and not contribute to residue by Test Method D2158.
However, materials that have low vapor pressure at 38 °C, such as higher
boiling components of diesel fuel, lubricating oils, heavy greases and
plasticizers, will remain and be measured as ‘residues.’ See 11.4.

11.1.7 Record the volume of any remaining residue to the
nearest 0.05 mL, and the presence of extraneous matter, if
observed.

11.1.8 Perform the oil stain observation described in 11.2
even if there is no apparent or visible residue in the centrifuge
tube. Experience has shown that there can be a thin film of oil
on the inner surface of the centrifuge tube that is difficult to see
and does not give a measurable volume, but can still give a ring
or stain in the Oil Stain Observation procedure.

11.2 Oil Stain Observation:

11.2.1 Add sufficient solvent to the centrifuge tube contain-
ing the residue described in 11.1.6 to restore the volume to
10 mL. Add the solvent from the wash bottle and carefully
wash down the sides of the tube. Stir well so that any residue
at the bottom of the tube is dissolved uniformly in the solvent.
Stirring with the syringe needle (see 7.3) or pipette has been
found satisfactory. This mixture will be referred to as the
solvent-residue mixture.

11.2.2 Mark the center of a clean white filter paper.
11.2.3 Fill the syringe or equivalent liquid dispensing de-

vice (see 7.3), and direct 1.5 mL of the solvent-residue mixture
at the center of the paper at an appropriate rate such that the
wetted circle is maintained at about 30 mm to 35 mm in
diameter. If desired, steps 11.2.3 and 11.2.4 may be omitted,
and the test continued according to 11.2.5.

11.2.4 After directing the entire 1.5 mL of residue solution
onto the filter paper and at the end of a 2 min waiting period,
if no oil ring persists when holding the dry filter paper between
the eye and a bright incandescent light or strong daylight,
discontinue the test and go to 12.1.

11.2.5 If a stain or ring is discernible, determine the volume
of the solvent-residue mixture at which the oil stain or ring first
persists for 2 min on a new filter paper by adding the
solvent-residue mixture in 0.1 mL increments, waiting 2 min
after each addition, and inspecting the paper for an oil stain at
the end of the 2 min period.

11.2.6 Record the volume in millilitres of the solvent-
residue mixture required to yield a persistent oil stain or ring as
the oil stain observation.

11.2.7 Alternatively, if a product specification calls for
adding a specified amount of solvent-residue mixture to the
filter paper, add the specified quantity in 0.1 mL increments,
and report the result at the specified total amount.

11.2.7.1 Specification D1835 specifies that 0.3 mL of
solvent-residue mixture shall be deposited on the filter paper in
0.1 mL increments.

11.2.7.2 If there is no oil stain after the addition of 0.3 mL
and a 2 min waiting period, report the result as “Pass.”

11.2.7.3 If an oil stain is observed at 0.3 mL after a 2 min
waiting period, report the result as “Fail.”

11.3 Any solvent transferred to the wash bottle for purposes
of running the test shall either be used in testing during the
same day or discarded.

11.4 It has been noted that at low ambient temperatures
(below about 5 °C) materials in the gasoline boiling range will
leave an oil stain or ring that persists after 2 min. Oil stain
determinations should be made in a protected area where the
temperature is above 5 °C. If it is necessary to determine the oil
stain at temperatures below 5 °C, allow 10 min for oil stain
persistence.

12. Report

12.1 Reference this test method and report the results as:
12.1.1 Residue on evaporation to the nearest 0.05 mL, and
12.1.2 Oil stain observation to the nearest 0.1 mL.

12.2 Alternatively, if the application of this test method calls
for passing or failing the oil stain requirement at a specified
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volume of solvent-residue mixture, report the result at the
specified volume as “Pass” or “Fail” (see 11.2.7).

13. Precision and Bias

13.1 Precision—Precision has not been determined on this
test method in terms of residue and oil stain results. Precision
had been determined in terms of R and O numbers, as given in
Appendix X1.

13.2 Bias—The procedure in this test method for measuring
residues in LP Gas has no bias, because the residues are defined
only in terms of this test method.

14. Keywords

14.1 contaminants; liquefied petroleum gases; LPG; oil
stain; residue

APPENDIX

(Nonmandatory Information)

X1. CALCULATION OF R AND O NUMBERS

INTRODUCTION

Historically, D2158 has included indices for R and O which give the residue and oil stain results
in whole numbers rather than the decimal results of this test method. These results have been referred
to as “normalized results.” Since no ASTM standards call for R or O results, the description and
calculation of these values have been moved to an appendix for information.

X1.1 Terminology

X1.1.1 Definitions of Terms Specific to this Standard:
X1.1.1.1 O Number, n, 10 divided by the oil stain observa-

tion (in millilitres).
X1.1.1.2 R Number, n, the residue volume in millilitres

multiplied by 200.

X1.2 Calculation and Reporting

X1.2.1 O Number—Divide 10 by the oil stain observation
obtained in 11.2.6, in millilitres, and report the result to the
nearest whole number. If the oil stain observation exceeds
1.5 mL, record the result as zero.

X1.2.2 R Number—Multiply the residue volume obtained in
11.1.6, in millilitres, by 200, and express the result to the
nearest 10.

X1.3 Precision and Bias

X1.3.1 Precision has been determined in terms of the
normalized reporting units.

X1.3.2 Repeatability—The difference (r) between succes-
sive 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 method, exceed the values below only in
one case in twenty:

O Number r R Number r
0 to 20 4 0 to 20 5
20 to 40 6 20 to 40 10
40 to 100 8 40 to 60 20

X1.3.3 Reproducibility—The difference (R) between two
test results independently obtained by different operators
operating in different laboratories on nominally identical test
material would, in the long run, in the normal and correct
operation of the test method, exceed the values below only in
one case in twenty:

O Number R R Number R
0 to 20 6 0 to 20 10
20 to 40 8 20 to 40 20
40 to 100 12 40 to 60 30

D2158 − 16a

5

 



SUMMARY OF CHANGES

Subcommittee D02.H0 has identified the location of selected changes to this standard since the last issue
(D2158 – 16) that may impact the use of this standard. (Approved Dec. 15, 2016.)

(1) Note that the 2016 and 2016a versions of D2158 were
published concurrently; the 2016 version (approved Dec. 1,
2016) is available as a historical standard.
(2) Updated joint IP designation to IP 317/95(02).
(3) Revised subsection 5.1 for clarity.
(4) Revised subsection 6.1 to recommend reporting any solids
observed in the centrifuge tube.

(5) Added new subsection 9.3, describing a hazard that the
cooling bath can ‘bump’ or splatter cold liquid when LPG is
passed through the tubing.
(6) Added new Note 2 to describe the types of residues
detected by this test method.

Subcommittee D02.H0 has identified the location of selected changes to this standard since the last issue
(D2158 – 11) that may impact the use of this standard. (Approved Dec. 1, 2016.)

(1) Deleted former 1.4, warning about the use of mercury.
(2) In 2.1, deleted Specification E1 and added Specifications
E1137 and E2251, and Guide E2877.
(3) Deleted 2.2, IP Test Methods, Appendix A (standard mer-
cury thermometers).

(4) Revised 7.4 to require intrinsically safe temperature mea-
suring devices with an accuracy equal to or better than that of
an ASTM S5C thermometer.

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). Permission rights to photocopy the standard may also be secured from the Copyright Clearance Center, 222
Rosewood Drive, Danvers, MA 01923, Tel: (978) 646-2600; http://www.copyright.com/
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