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This standard is issued under the fixed designation D 6378; 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* D 323 Test Method for Vapor Pressure of Petroleum Prod-

1.1 This test method covers the use of automated vapor _Ucts (Reid Method) S
pressure instruments to determine the vapor pressure exerted inD 2892 Test Method for Distillation of Crude Petroleum
vacuum by volatile, liquid petroleum products, hydrocarbons, ~_ (15-Theoretical Plate Column)
and hydrocarbon-oxygenate mixtures. This test method is D 4057 Practice for Manual Sampling of Petroleum and
suitable for testing samples with boiling points above 0°C _Petroleum Products _ _
(32°F) that exert a vapor pressure between 7 and 150 kPa (1.0D 4177 Practice for Automatic Sampling of Petroleum and
and 21psi) at 37.8°C (100°F) at a vapor-to-liquid ratio of 4:1.  Petroleum Products

Measurements are made on liquid sample sizes in the rangeD 4953 Test Method for Vapor Pressure of Gasoline and
from 1 to 10 mL. Gasoline-Oxygenate Blends (Dry Method)
o o D 5191 Test Method for Vapor Pressure of Petroleum Prod-
Note 1—The test method is suitable for the determination of the vapor ucts (Mini Method)

pressure of volatile, liquid petroleum products at temperatures from 0 to . . .
100 °C at vapor to liquid ratios of 4:1 to 1.X € 4 to 1) andpressures up D 5842 Practice for Sampling and Handling of Fuels for

to 500 kPa (70 psi), but the precision statement (see Section 15) may not _ volatility Measurements _ o
be applicable. D 5854 Practice for Mixing and Handling of Liquid

1.2 The VR, determined by this test method at a vapor- Samples of Petroleum and Petroleum Products

liquid ratio of 4:1 (X = 4) of gasoline and gasoline—oxygenates Terminology
blends at 37.8°C can be correlated to the dry vapor pressure - . .

: : 3.1 Definitions of Terms Specific to This Standard:
equivalent (DVPE) value determined by Test Method D 5191 3.1.1 dry vapor pressure equivalent (DVRER value cal-

(see Section 15.2). lated by a correlation equation from the total pressure (Test
1.3 The values stated in SI units are regarded as Standa@;lethod D 5191), which is equivalent to the value obtained on

The inch-pound units given in parentheses are provided fo
information only. the sample by Test Method D 4953, Procedure A.

1.4 This standard does not purport to address all of the 8.1.2 partial pressure from dissolved air (PPAp—the

safety concerns, if any, associated with its use. It is th(%)rressure exerted in vacuum from dissolved air that escapes

responsibility of the user of this standard to establish appro- om the liquid phase Into the vapor phase.

priate safety and health practices and determine the applica- 3.1.3 Reid vapor pressure equwalent (RVPE) "a"%e C".’ll'
bility of regulatory limitations prior to use. culated by a correlation equation from the ,IRwhich is

equivalent to the value obtained on the same by Test Method
2. Referenced Documents D 323. _

21 ASTM Standard<? 3.1.4 total pressure (TR), thhe pressure exerted in
vacuum by air- and gas-containing petroleum products, com-
ponents and feedstocks, and other liquids, in the absence of

1This test method is under the jurisdiction of ASTM Committee D02 on Undissolved water at a vapor-liquid ratio of X:1.
Petroleum Products and Lubricants and is the direct responsibility of Subcommittee 3.1.5 vapor pressure (VP), n—the total pressure minus the

D02.08 on Volatilty . . __PPAin the liquid at a vapor-liquid ratio of X:1.
Current edition approved Dec. 1, 2003. Published January 2004. Originally
approved in 1999. Last previous edition approved in 1999 as D 6378~ 99 VPy = TPy — PPA 2)

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org.Afoual Book of ASTM
Standards/olume information, refer to the standard’s Document Summary page on
the ASTM website.

*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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4. Summary of Test Method 6.1.1 The measuring chamber shall be designed to contain
4.1 Employing a measuring chamber with a built-in piston,Petween 5 and 15 mL of liquid and vapor and be capable of

a sample of known volume is drawn into the temperaturd@intaining a vapor-liquid ratio of 4:1 to 1:1. The accuracy of
controlled chamber at 20°C or higher. After sealing thelN€ adjusted vapor-liquid ratio shall be within 0.05.

chamber, an expansion is performed in three steps to a finalNore 3—The measuring chamber employed by the instruments used in
volume of (X+1) times that of the test specimen. After eachgenerating the precision and bias statements were constructed of nickel
expansion, the TRis determined. The PPA and the solubility plated aluminum and stainless steel with a total volume of 5 mL.
of air in the specimen are calculated from the three resultinf!éasuring chambers exceeding a 5-mL capacity can be used, but the
pressures. The temperature of the chamber is then increased gcision and bias statements (see Section 15) are not known to apply.
a specified value, and the THs determined. The (VP is 6.1.2 The pressure transducer shall have a minimum opera-
calculated by subtracting the PPA in the liquid, which has beetional range from 0 to 200 kPa (0 to 29 psi) with a minimum
gas corrected for the temperature, from,TPor DVPE results, ~resolution of 0.1 kPa (0.01 psi) and a minimum accuracy of
in accordance with Test Method D 5191, the volume of the*0.2 kPa (=0.03 psi). The pressure measurement system shall
measuring chamber shall be five times that of the total tegnclude associated electronics and readout devices to display

specimen and the measuring temperature shall be 37.8°C. the resulting pressure reading.
6.1.3 Electronic temperature control shall be used to main-

Note 2—For liquids containing very low levels of high vapor pressure . _. . .
contaminants, which behave like a gas, this test method of determinatiotna'n the measuring chamber at the prescribed temperature

of the PPA and gases may lead to wrong results since the partial pressufthin +0.1°C for the duration of the test.
of the contaminants will be included in the PPA. This effect is shown when 6.1.4 A platinum resistance thermometer shall be used for

the value of the PPA and gases exceeds the average maximum limit ofneasuring the temperature of the measuring chamber. The

kPa (1 psi). minimum temperature range of the measuring device shall be
. from 20 to 100°C with a resolution of 0.1°C and an accuracy
5. Significance and Use of +0.1°C.
5.1 Vapor pressure is a very important physical property of 6.1.5 The vapor pressure apparatus shall have provisions for
volatile liquids for shipping and storage. rinsing the measuring chamber with a solvent of low vapor
5.2 The vapor pressure of gasoline and gasoline-oxygenafressure or with the next sample to be tested.
blends is regulated by various government agencies. 6.2 Vacuum Pump for Calibratigrcapable of reducing the

5.3 Specifications for volatile petroleum products generallypressure in the measuring chamber to less than 0.01 kPa (0.001
include vapor pressure limits to ensure products of suitablgsij) absolute.
volatility performance. 6.3 McLeod Vacuum Gage or Calibrated Electronic Vacuum
5.4 In this test method, an air saturation procedure prior teasuring Device for Calibrationto cover at least the range
the measurement is not required, thus eliminating losses gfom 0.01 to 0.67 kPa (0.1 to 5 mm Hg). The calibration of the
high volatile compounds during this step. This test method ig|ectronic vacuum measuring device shall be regularly verified
faster and minimizes potential errors from improper air satuin accordance with Annex A6.3 of Test Method D 2892.
ration. This test method permits VP determinations in the 6.4 Pressure Measuring Device for Calibratipoapable of
field. measuring local station pressure with an accuracy and a
5.5 This test method can be applied in on-line applicationgesolution of 0.1 kPa (1 mm Hg), or better, at the same

in which an air saturation procedure prior to the measuremerilevation relative to sea level as the apparatus in the laboratory.

cannot be performed. _ . . .
Note 4—This test method does not give full details of instruments

suitable for carrying out this test. Details on the installation, operation, and
6. Apparatus maintenance of each instrument may be found in the manufacturer's
6.1 The apparatus suitable for this test method employs &anual.
small volume, cylindrically shaped measuring chamber wit .
associated equipment to control the chamber temperature Reagents and Materials
within the range from 0 to 100 °C. The measuring chamber 7.1 Purity of Reagents-Use chemicals of at least 99 %
shall contain a movable piston with a minimum dead volume ofurity for quality control checks (see Section 10). Unless
less than 1 % of the total volume at the lowest position to allowotherwise indicated, it is intended that all reagents conform to
sample introduction into the measuring chamber and expansidhe specifications of the Committee of Analytical Reagents of
to the desired vapor-liquid ratio. A static pressure transduceine American Chemical Socigtyhere such specifications are
shall be incorporated in the piston. The measuring chambegvailable. Lower purities can be used, provided it is first
shall contain an inlet/outlet valve combination for sampleascertained that the reagent is of sufficient purity to permit its
introduction and expulsion. The piston and the valve combiuse without lessening the accuracy of the determination.
nation shall be at the same temperature as the measuring

chamber to avoid any condensation or excessive evaporatior.
“Reagent Chemicals, American Chemical Society Specificatiomgrican
Chemical 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 thénited States Pharmacopeia
SVapor pressure apparatus meeting these requirements are available froamd National FormularyU.S. Pharmacopeial Convention, Inc. (USPC), Rockville,
Grabner Instruments, A-1220 Vienna, Dr. Neurathgasse 1, Austria. MD.
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Note 5—The chemicals in this section are suggested for quality control - 8.4 Verification of Single Phase Samplé\fter drawing the
procedures (see Section 11) and are not used for instrument calibratiofest specimens and transferring them into the instrument for
(Warning—2,2—dimethylbutane, 2,3-dimethylbutane, toluene, pe”ta“eanalysis, check the remaining sample for phase separation. If
methanol, and acetone are flammable and health hazards.) the sample is contained in a transparent container, this obser-
8. Sampling and Sample Introduction vation_ can .be made prior to sample trgnsfer. If the sample is

. contained in a non-transparent container, shake the sample

8.1 General Requirements thoroughly and immediately pour a portion of the remaining

8.1.1 The extreme sensitivity of vapor pressure measuréssmple into a glass container and observe for evidence of phase
ments to losses through evaporation and the resulting changggyaration. A hazy appearance is to be carefully distinguished
in composition is such as to require the utmost precaution and,m separation into distinct phases. If the sample separates
the most meticulous care in the drawing and handling Ofq 1o distinct phases with a discernible common boundary,
samples. , , tthen discard the test and the sample. If the sample has a hazy

8.1.2 Obtain a sample and test specimen in accordance Witlhsearance, but does not have two distinct phases, then phase
Practice D 4057, D 4177, D 5842, or D 5854 when appropriateseparation has not occurred. The test is valid, but the precision

except do not use the Sampling by Water Displacement sectiof,q pias in Section 15 may not apply (see Section 14).
for fuels containing oxygenates. Use a container not less than

300 mL and not more than 1 L in size filled at least 70 % withg preparation of Apparatus

sample. 9.1 Prepare the instrument for operation in accordance with

Note 6—The present precision statement was derived using samples ithe manufacturer’s instructions.
1L (1 gt) containers. However, samples in containers of other sizes as 9.2 Rinse the measuring chamber, if necessary, with a
prest_:ribed in Practice I_3_4057 can be used, with the same fillinggglyent. Methanol has a low vapor pressure and can be used
requirement, but the precision can be affected. successfully. Rinsing is performed by drawing the solvent into
8.1.3 Perform the VP determination, including the rinsing the chamber by the piston and expelling the solvent into the
(see 9.4), on the first test specimen withdrawn from a sample/aste container.
container. Do not use the remaining sample in the container for 9.3 To avoid contamination of the test specimen with the
a second VR determination. If a second determination is previous sample or the solvent, rinse the measuring chamber a
necessary, obtain a new sample. minimum of three times with the sample to be tested. Fill the
8.1.4 Protect samples from excessive temperatures prior feasuring chamber with sample to at least half the total
testing. This can be accomplished by storage in an appropriak®lume of the chamber for each rinse. This rinsing procedure

ice bath or refrigerator. shall always be carried out immediately before the measuring
8.1.5 Do not test samples stored in leaky containers. Discargrocedure (see 12.4).
and obtain a new sample if leaks are detected. 9.4 If a syringe is used for introduction of the test specimen,

8.2 Samp“ng Hand"ng Temperatu.FeC00| the Samp]e con- chill the Syringe to the temperature of the Sample (be'OW lOOC)
tainer and contents in a ice bath or refrigerator to the 0 to 1°@G" an air or water bath before drawing in the specimen. Avoid
(32 to 34°F) range prior to opening the sample container. Allowvater contamination of the syringe reservoir by suitably
sufficient time to reach this temperature. Verify the samplesealing the syringe during the cooling process.
temperature by direct measurement of the temperature of a o
similar liquid in a similar container placed in the cooling bath 10. Calibration
or refrigerator at the same time as the sample. 10.1 Pressure Transducer

. . . - 10.1.1 Check the calibration of the transducer on a monthly

Note 7—Cooling of the sample may be omitted if provisions are - . L .
provided that avoid loss of high volatile components during the samplrpaSIS or when requ”ed as mdlcat_ed f_rom the quality Contro_l
introduction. Sample introduction with a pressurized sample container i§N€Cks (see Section 11). The calibration of the transducer is
a useful procedure. If a statement for hazy sample is required, cooling thecked using two reference points: zero pressure (<0.1 kPa)
the required temperature is necessary. and the ambient barometric pressure.

10.1.2 Connect a McLeod gage or a calibrated electronic
Yacuum measuring device to the vacuum source in line with the
measuring chamber (see Note 8). Apply vacuum to the mea-
uring chamber. When the vacuum measuring device registers
pressure less than 0.1 kPa (0.8 mm Hg), adjust the transducer

8.3 Verification of Sample Container FillirgWith the
sample at a temperature below 10°C, take the container fro
the cooling bath and wipe dry with absorbent material. If the
sample is contained in a transparent container, verify that the
container is at least 70 % full by suitable means, such as b ’
using a marked ruler or by comparing it to a like container tha ontrol o zero or to the actual read!ng on the vacuum
has the 70 % levels clearly marked. If the container is nofl€asuring dt,av[ce as _dlctated by the instrument design or
transparent, unseal it and, using a suitable gage, confirm thmanufacturers Instructions.
the sample volume equals at least 70 % of the container Note 8—Refer to Annex A6.3 of Test Method D 2892 for further
capacity. details concerning the calibration of electronic vacuum measuring devices

8.3.1 Discard the sample if the container is filled to less tharf"d proper maintenance of McLeod gages.

70 %, by volume, of the container capacity. 10.1.3 Open the measuring chamber of the apparatus to

8.3.2 Reseal the container, if opened, and place it back iatmospheric pressure and observe the corresponding pressure
the cooling bath or refrigerator. value of the transducer. Ensure that the apparatus is set to
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display the TR and not a calculated or corrected value. 12.2 Set the vapor-liquid ratio to the desired value X:1 (for

Compare this pressure value with the pressure obtained fromtast results related to Test Method D 5191, set the vapor-liquid
mercury barometer, or equivalent, as the pressure referencatio to 4:1).

standard. The pressure measuring device shall measure thel2.3 Connect an aliquot of sample either in a syringe,

local station pressure at the same elevation as the apparatuspressurized sample container, or a tubing immersed in the
the laboratory at the time of pressure comparison. sample to the inlet of the apparatus. Make provisions to avoid
loss of high volatiles in the sample. The overall volume of the

Note 9—Many aneroid barometers, such as those used at weather

stations and airports, are precorrected to give sea level readings. The§§mp|e shall exceed the volume of three rinsing cycles plus the

shall not be used for calibration of the apparatus. final test volume. Follow the manufacturer’s instructions for

10.1.4 Repeat 10.1.2 and 10.1.3 until the zero and barome@tizdzcéne%fgﬁ?ntfﬁé tsr?rizrpiﬁgir:m% tgﬁa ;n(iizugg? icn:]r?wrggiea:.el
ric pressures read correctly without further adjustments. ' gcy ' y

10.2 Temperature Sense#Verify the calibration of the aftlle go?nrlfgéigget?ﬁes'ggtp;%ecimen into the measuring cham-
_pIatmum resistance thermometer used to r_‘nonltor the mgas%-er By a stroke of the piston. The volume of the specimen shall
ing chamber temperature at least every six months agalnstgae such that after the expansion to the final volume the
ogrammed vapor-liquid ratio is achieved.

12.6 Close the inlet valve, and make the first expansion by
a stroke of the piston.
11. Quality Control Checks 12.7 Monitor the TR every 20+ 2 s. When three succes-

11.1 Use a verification fluid of known volatility as an sive readings agree within 0.1 kPa, record this resulting total

independent check against the instrument calibration each ddifessure as Tp. _ .
the instrument is in use. For pure compounds, multiple test 12.8 Make the second expansion, and monitor the,TP
specimens may be taken from the same container over time. @€y 20= 2 s. When three successive readings agree within
the observed VRdiffers from the reference value by more than 0-1 kP&, record this resulting total pressure ag 1P
1.0 kPa (0.15 psi), then check the instrument calibration (see 12:9 Repeat 12.8 for the third expansion, and record the
Section 10). resulting total pressures as IR _

11.2 Some possible materials and their corresponding vapor 12.10 Allow the temperature of the measuring chamber to

pressures at 37.8°C and a vapor-liquid ratio of 4:1 gvP increase to within 0.1°C of the desired test temperature.
include: Monitor the TR, every 20+ 2 s. When three successive

readings agree within 0.1 kPa, record this resulting total

thermometer that is traceable to National Institute of Standard ;
and Technology (NIST) or to national authorities in the countryp
in which the equipment is used.

2,2-Dimethylbutane VP,= 68.0 kPa (9.86 psi)

2,3-Dimethylbutane VP,= 51.1 kPa (7.41 psi) pressure as TP.

“Pnen;anel ng 12;-3 tga (1(2-2; pS!; 12.11 Check for Sample SeparatierAfter introducing the
ethano 4= . a . psi H H : H

Toluene N 71KPa (103 psi test specimen into the instrument for analysis, check the

) o _remaining sample for sample separation (see 8.4)
Note 10—The value for 2,2-dimethylbutane in this list was derived

from the 1991 interlaboratory cooperative test progrand represents the :
VP, values of the air saturated liquid. The other values were determine&s' Calculation
in limited cross check programs. 13.1 Calculate the partial pressure of the BIPA, after the
Note 11—It is recommended that at least one type of verification fluidsample has been introduced into the measuring chamber and
used in 11.1 have a vapor pressure representative of the fuel(s) regulagkpanded to the final volume, using the following equation:
tested by the equipment. The vapor pressure measurement process
(including operator technique) can be checked periodically by performing PPA = (TPx1 — TPxa)(TPx2 — TPx) @
this test method on previously prepared samples from one batch of Va—Vy (TP, — TPy,) — (TP, — TP,
product, as per procedure described in 8.1.2. Samples should be stored in Vo=Vt Xt %2 1 x:3
an environment suitable for long term storage without sample degradation.
Analysis of result(s) from these quality control samples can be carried outVNere:
using control chart techniqués. TPy
Note 12—Caution: The use of single component verification materi- TPy »
als, such as listed in 11.2, will only prove the calibration of the equipment. TPy 3
It will not check the accuracy of the entire test method, including sample V;
handling, because losses due to evaporation will not decrease the samplg,
vapor pressure as happens with losses of light ends in multi componenv3

total pressure after first expansion,

total pressure after second expansion,

total pressure after third and final expansion,
volume after the first expansion,

volume after the second expansion, and
final volume after the third expansion.

mixtures. 13.2 Calculate the partial pressure of the air at test tempera-
12. Procedure turet, PPA, using the following equation:

12.1 Set the sample introduction temperature of the measur- PPA = PPA (273.2+ 1)/ 273.2+ 1) @)
ing chamber between 20 and 37.8°C. where:

t, = temperature of the measuring chamber when the test

5 Supporting data have been filed at ASTM International Headquarters and may specimen is introduced and expanded, in degrees Cel-
be obtained by requesting Research Report RR: D02-1286. sius, and

8 Reference ASTM MNL 7 ,Manual on Presentation of Data Control Chart t = temperature, in degrees Celsius.

Analysis,6th Edition, Section 3: Control Charts for Individuals.
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13.3 Calculate the vapor pressMBy ; at test temperatute ~ working in different laboratories on identical test material

using the following equation: would, in the long run, in the normal and correct operation of
VP, = TP, — PPA @)  thetestmethod, exceed the following value only in one case in
twenty:
where: reproducibility = 1.63 kPa (0.22 psi)
TPy, = total pressure at temperatugeand
PPA = partial pressure of the air at temperattire Note 14—These precision data were developed in a 1995 interlabora-

13.4 See Appendix X1 for the derivation of the equationsltory cooperative test program from SHELL, CARB, and EPA over a time
period of two years. Samples were sent and analyzed weekly. Participants
14. Report analyzed sample sets comprised by hydrocarbons and hydrocarbon-
14.1 Report the results to the nearest 0.1 kPa (0.02 psi), aﬁi ygenate blends. The vapor pressure ranged from 46 to 100 kPa (6.5 to

ifv the test t i d liquid rati .9 psi) nominal. A total of 50 laboratories including EPA and CARB
specify the test temperature and vapor-liquid ratio. participated. Comparison was performed against Test Method D 5191.

VPx (TP C) = #.4 kba or #.#4 psi ® 15.2 Relative Bias to Test Method D 5194A statistically
_ _ significant relative bias was observed using this test method for
Pair(TFC) = ##.# kPa or f##.# psi ®) vp, at 37.8°C (vapor-liquid ratio of 4 to 1) and the DVPE
where: obtained by using Test Method D 5191. This bias can be
X = vapor-liquid ratio, corrected by applying the correlation Eq 7:
Pair = partial pressure of the dissolved air, and DVPE = VP, (37.8C) — Relative bias @
Tm = measuring temperature.

14.2 If a haze was observed in 8.4, state on the reporwher{a: _ .
document that the test sample was hazy. Examples of accepRelative bias = 1.027 kPa (0.15 psi).
able reporting statements are a result of xx.xH or the statementN

“Sample Hazy - Yes.” ote 15—The precision and bias statements may not be applicable to

gasolines observed to be hazy in 8.4.
15. Precision and Bias Note 16—Different correlation formulas have been developed for Test

15.1 Precision—The precision of this test method as deter_Method D 5191 by various agencies to correlate either to Test Method

. . . . D 4953, Procedure B, or to Test Method D 323. The relative bias for the
mined by the statistical examination of interlaboratory tesk/p_ calculated by these different formulas are as follows:

results is as fO||OW75.: X . Correlation formula for Test Method D 4953, Procedure B, used by the EPA.
15.1.1 Repeatability— The difference between successive EPA: DVPE = (0.956 Ptot) - 2.39 in kPa

test results obtained by the same apparatus under constant DVPE = (0.956 Ptot) - 0.347 in psi

operating conditions on identical test material would, in the

long run, in the normal and correct operation of the test

method, exceed the following value only in one case in twenty Correlation formula for Test Method D 323, used by CARB

o . CARB: RVPE = (0.972 Ptot) - 493  in kP
repeatability= 0.50 kPa (0.07 psi) RVPE = 20.972 ptgt; Z0715 in psia

Relative bias = 0.137 kPa (0.02 psi)

Note 13—The listed repeatability value was derived with 208 mea-
surements on four different gasoline samples. The vapor pressure ranges
were from 58 to 75 kPa at a vapor to liquid ratio of 4:1. Further data are
to be developed in an interlaboratory cooperative test program before th]e6' Keywords

five year reapproval required by the society. 16.1 dry vapor pressure; gasoline; hydrocarbon-oxygenate
15.1.2 Reproducibility— The difference between two single blends; mini method; petroleum products; vapor pressure;
and independent test results obtained by different operatorsariable volume method

Relative bias = 1.575 kPa (0.23 psi)

APPENDIX
(Nonmandatory Information)

X1. DERIVATION OF EQUATIONS USED TO CALCULATE VP

X1.1 Theory TPy, = VP + PPA,; or PPA,;=TP — VP (X1.1)
X1.1.1 The measured TPof the air containing liquid is the 3 3

sum of the VR, of the liquid and the PPA in the liquid. TPxz = VPx+ PPA, or PPAy,= TR, = VP (X1.2)
X1.1.2 Derivation of Equatior-The derivation is based on _ _ B

the assumption that the \Rf the liquid is constant within the TP = VRc+ PPAs or PPAg= TP~ VPx (X13)

accuracy of the measurement for all three vapor-liquid ratios. X1.1.2.2 The free volum¥/for the air in the sample can be
X1.1.2.1 The TR after the three expansions may be ex-defined as follows:
pressed by the following equations. V, = (K100 V, (X1.4)
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where: where:
k = solubility of air in the sample in %, and TPy ., = total pressure after first expansion,
V, = sample volume. TPy, = total pressure after second expansion,

total pressure after third and final expansion,
vapor volume after the first expansion,
= vapor volume after the second expansion, and

X1.1.2.3 Applying the gas law equation for the three differ- TPxz
ent volumes and using the teivf for the free air volume the \\;1

following relationship can be defined: 2 : . .
V3 = final vapor volume after the third expansion.
(Vi + VWAPPA(, = (Vo + VAPPA, = (V3 + Va)PPAKs xL5) X1.1.2.6 The air corrected vapor pressure is calculated by
_ _ - VP, = TP, 5 — PPA, (X1.9)
X1.1.2.4 Using Eq X1.1-X1.3, the two following equations
are derived: X1.2 Air Correction at Test Temperature
(Vy + V(TP — VPy) = (Vo + V)(TPy, — VPy)  (X1.6) X1.2.1 The partial pressure of the air at the test temperature,

PPA can be determined using the following equation derived
(V1 + V(TP — VP = (V3 + VW)(TPc3 — VP  (X1.7) from the gas laws as follows:

X1.1.2.5 Solving the Eq X1.6 and X1.7 the formula for the PPA = PPA; (273.2+ )/ (273.2+ 1)) (X1.10)
PPA in the final volume can be derived. where:
(TPy1 — TPya) (TP, — TPy3) tc = temperature of the measuring chamber during the gas
PPAG= YAYA (X1.8) determination procedure, in °C, and
V, =V, (TPy1 = TR2) = (TRy; = TRyy) t = test temperature, in° C.

SUMMARY OF CHANGES

Subcommittee D02.08 has identified the location of selected changes to this standard since the last issue
(D 6378 — 99%) that may impact the used of this standar.

(1) Updated 2.1 to replace the D 1160 reference with one t@xplicitly reference Note 8.

D 2892. . (3) Updated Note 8.
(2) Updated 6.3 to reference D 2892 requirements and 10.1.2 to

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
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This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
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