QHny) Designation: D 2889 — 95 (Reapproved 2000) An American National Standard

Standard Test Method for
Calculation of True Vapor Pressures of Petroleum
Distillate Fuels *

This standard is issued under the fixed designation D 2889; 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 epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope D 287 Test Method for API Gravity of Crude Petroleum and

1.1 This test method describes the calculation of true vapor ~ Petroleum Products (Hydrometer Methbd)
ressures of petroleum distillate fuels for which distillation
gata may be gbtained in accordance with Test Method D 88' Summa'r.y (,)f Test Method o
without reaching a decomposition point prior to obtaining 90 3-1 Equilibrium flash vaporization (EFV) temperatures are
volume % distilled. calculated from distillation data (Test Method D 86) deter-
1.2 The test method may be used to calculate vapor pregjined on the sample. The distillation data, ce_llculated E.FV
sures at temperatures between the 0% equilibrium flasfata, and API gravity of the sample are used with a graphical
temperature and the critical temperature of the fuel. Provisioiforrelation procedure to obtain two pairs of temperature-
is included for obtaining a calculated critical temperature forPréssure coordinates through which the bubble-point line of the
fuels for which it is not known. phase diagram for the sample may be drawn. The calculated
1.3 Critical pressure-temperature data are usually not availlUe vapor pressure at a specified temperature is obtained by
able for petroleum fuels. However, if both the critical pressurg©@ding the pressure at the intersection of the bubble-point line
and critical temperature are known, the values shall be used &8d specified temperature.
the coordinates in Fig. 1 to establish a critical point to be used Nore 1—Details of the procedure and data substantiating its validity
instead of the focal point established as described in 6.5.4; arfdr establishing equilibrium flash vaporization temperatures have been
the calculations described in 6.5 through 6.5.4 are not requiredublished?
If either a determined true boiling point or determined equi—4 Significance and Use
librium flash vaporization temperature at 0% distilled at ™ 9 o ) )
atmospheric pressure is known, the determined value shall be 4.1 The true vapor pressure of a distillate fuel is a relative
used to establish the lower limit of the bubble-point line Measurement, both of the tendency of the most volatile portion
referred to in 6.4. of the fuel to gasify, and of the restraining pressure required to

1.4 The method is not reliable for distillate fuels having aPrevent gasification of the most volatile portion. Thus the
boiling range of less than 100°F (38°C) between the Tesfneasurement is of importan(_:_e when a fuel is to be utilized in
Method D 86 10 and 90 volume % distilled temperatures. ~ a@pplications where no gasification may be tolerated, and

1.5 The values stated in inch-pound units are to be regarddgmperature-pressure conditions are expected to be near the
as the standard. The values given in parentheses are ftie vapor pressure of the fuel.
information only. .

1.6 This standard does not purport to address all of the5' Data-R.equ-wements o N .
safety concerns, if any, associated with its use. It is the 5-1 Distillation temperatures at the |n|t[al_ boiling point
responsibility of the user of this standard to establish appro{/BP) and 10, 30, 50, 70, and 90 volume % distilled obtained in
priate safety and health practices and determine the applica@ccordance with Test Method D 86. _
bility of regulatory limitations prior to use. 5.2 API gravity determm_ed in accordance with Test Method

D 287, or a method of equivalent accuracy.
2. Referenced Documents

2.1 ASTM Standards:

o
D 86 Test Method for Distillation of Petroleum Product at 6-1 Calculate the 10/70 slope, °F/%, of the Test Method
Atmospheric Pressife D 86 distillation using the 10 and 70 volume % distilled
temperature. Using this slope and the Test Method D 86 50
volume % distilled temperature, obtain to the nearest°F a
1 This test method is under jurisdiction of ASTM Committee D02 on Petroleum
Products and Lubricants and is the direct responsibility of Subcommittee D02.04 on
Hydrocarbon Analysis. I
Current edition approved Aug. 15, 1995. Published October 1995. Originally 3 Edmister, W. C., and Okamoto, K. K., “Applied Hydrocarbon Thermodynam-
published as D 2889 — 70 T. Last previous edition D 2889 — 90. ics, Part 12: Equilibrium Flash Vaporization Correlations for Petroleum Fractions,”
2 Annual Book of ASTM Standardgol 05.01. Petroleum RefinePEREA, Vol 38, No. 8, 1959, p. 117.

6. Procedure
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FIG. 1 Test Method D 86 Distillation Temperature and Equalization Flash Vaporization Temperature Pressure Conversion Chart

temperature difference,® F, from Fig. 2. Add °F to the Methodfocal point, of the bubble-point line. If both the critical
D 86 50 volume % temperature to obtain the equilibrium flashtemperature and critical pressure of the fuel are known, the
vaporization (EFV) 50 volume % temperature. calculations described in 6.5.1 through 6.5.4 are not carried
6.2 Calculate the differences between the Test Method D 86ut. The critical temperature and critical pressure are used as
IBP and 10 volume %, the 10 and 30 volume %, and the 30 anthe coordinates in Fig. 1 to define a critical point to be used
50 volume % temperatures. Using these differences, obtain tmstead of the focal point.
the nearest 1°F, the temperature differences between corre-6.5.1 Calculate to the nearest 0.1 unit the 10/90 slope of the
sponding EFV percentages from Fig. 3. Test Method D 86 distillation curve,® F/volume %, as the
6.3 Calculate the EFV zero volume percent temperature byifference between 10 and 90 volume % distilled temperatures
subtracting the sum of the three differences obtained from Figdivided by 80.
3, from the EFV 50 volume % temperature calculated in 52 Calculate to the nearest 1°F, the volumetric average
accordance with 6.1. boiling point (VABP) as the sum of the Test Method D 86 10,

6.4 Plot a point on Fig. 4at the coordinates, 14.7 psia and 30, 50, 70, and 90 volume % distilled temperatures divided by
the calculated EFV 0 % temperature. This point establishes the

lower end of the phase boundary line commonly referred to as g 5 3 calculate to the nearest 0.1 unit the ratio:
the bubble-point line. If the EFV 0 % temperature at atmo-
spheric pressure has been measured, use the measured value VABH(10/90 Slopet 16.0) @

instead of the calculated value. 6.5.4 Enter Fig. 1 on the lower right scale at the Test Method
6.5 Use the following procedure and the curves on the righD 86 VABP temperature. From the intersection of the VABP
portion of Fig. 1 to obtain coordinates for the upper end, otemperature and the line of constant API gravity corresponding
to the gravity of the sample, proceed horizontally to the point
of intersection with the line corresponding to the 10/90 slope of
Headquarters. Precision of the test method as given in Section 6 was obtained usi%he .TeSt Methoc.l D 86 d_|st|IIat_|0n. From. this point proceed
8 by 11¥2-in. charts and should be improved using the 16 by 20-in. charts. Reques\{%mca“y to the. Intersection th the ra“O. CaICUIa.ted fo_r the
Adjunct No. ADJD2889. sample according to the previous section. This point of

4 Copies of Fig. 1, 16 by 20 in., are available at a nominal cost from ASTM
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120 1 [ T I 7 from Fig. 4> The point of intersection of the calculated critical
i ! v, temperature with the bubble-point line defines the maximum
100 | T A 7 vapor pressure to be reported.
80 Slope of ASTM D86! ] // N 7. Report
0% to 70%, F/ % 0 S . .
° T [, Ay 7.1 Report the results as indicated in the following tabula-
60— | | VeV tion:
T v /// on:
§ ] f 2 < Vapor Pressure Range, Report to the
vy, 40 // V4 psia: Nearest:
2% A Ly =t 100 and below 1
o Lo A A 100 to 200 2
o AT T A 200 to 500 5
%’8 . - AP %,'/ = Above 500 10
°Z L ///r/////rf — 7.2 The calculated true vapor pressure psia may be con-
Sz o1 s ,é/ ol ?/—-—*"‘f”' verted to the International System of Units (SI) of kilopascals
oF » // a /7//: ol |t (kPa) by multiplying the results obtained in 7.1 by the
27 40 -l 7 ,////2// | conversion factor 6.894757 and then rounding to the appropri-
. //,,/,//// - ate number of significant digits.
g5 -50p /// ;///j 4 8. Precision and Bias
eol A /W 8.1 Precision—The precision of this test method as deter-
a ’ / | mined by statistical examination of interlaboratory results is as
SookA s | follows:
AN/ o 8.1.1 Repeatability—The difference between successive test
2ol A /// results, obtained by the same operator with the same apparatus
y p pp
f/ + | under constant operating conditions on identical test material,
-140Q I would, in the long run, in the normal and correct operation of
100 200 300 400 500 600 700 800 9S00 I000 . . .
ASTM DS6 50% TEMPERATURE F the test method, exceed t'he following value only in one case in
FIG. 2 Test Method D 86 50 % Distilled Temperature versus twenty: the larger of 2 psia (14 kPa) or 4 % of the mean of the
Equilibrium Flash Vaporization 50 % Temperature two results.

8.1.2 Reproducibility—The difference between two, single
and independent results, obtained by different operators work-
ing in different laboratories on identical test material, would, in

intersection establishes the upper end, or focal point of thée normal and correct operation of the test method, exceed the
mAint i following value only one case in twenty: the larger of 2 psia
bubble-point line.
o ) ) (14 kPa) or 8 % of the mean of the two results.
6.6 Draw the bubble-point line on Fig. 1 by connecting the ) N o )
Note 2—The preceding repeatability and reproducibility were obtained

two points (6.4 and 6.5.4) with a straight line. from results submitted by seven laboratories that cooperatively tested four
6.7 Obtain the calculated true vapor pressure psia, at ariyrbine fuels with initial boiling points in the range 320 to 400°F (160 to

specified temperature below the critical temperature by reading?4 ). and end points in the range 430 to 534°F (221 to 279°C). Each
h ical le of Fi he | . fth boratory determined the required distillation and gravity data in dupli-
the vertlca.l pr.essur.e scale o '_:'.g' 1 at the intersection of t Bate, and performed the calculations required for this procedure once for
bubble-point line with the specified temperature. each of the two sets of determined data for each sample. Vapor pressures
6.7.1 If either a determined critical temperature or deter-"®"® nOt_determ'nEd ,du”ng the cooperative program. )

8.2 Bias—The bias of the true vapor pressures obtained by

mined critical pressure is known, the point of its intersection,, . ;
. o ! . this test method has not been evaluated. Determined true vapor
with the bubble-point line defines the maximum vapor pressur

%ressures were not known for the fuels cooperatively tested.
to be reported.

9. Keywords

6.7.2 If neither the critical temperature nor critical pressure . T
. . pera - P 9.1 API gravity; D86 distillation; true vapor pressure
is known, obtain a calculated approximate critical temperature

5“Technical Data Book-Petroleum Refining.” American Petroleum Institute,
2101 L St. NW Washington DC 20037. Fig. 4 is a modified version of Fig. 4 A1.2,
Chapter 4.
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FIG. 3 Test Method D 86 Distillation Temperature Differences Versus Equilibrium Flash Vaporization Temperature Differences
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X1. EXAMPLE OF TRUE VAPOR PRESSURE CALCULATION

X1.1 Calculate the true vapor pressure at 400°F, for a fuetoordinates for the lower end of the bubble-point line are

for which the following data have been determined: 342°F and 14.7 psia (distillation pressure), as plotted on Fig. 1.
Qpe'thgofg"iDW% distilation ® £ 40.0 X1.1.3 The slo_pe of the Test Method D 86 distillation curve
(IBP)-IP 123 0 % ’ 275 from 10 to 90 % is equal to (505—- 345)/80, or 2.0°F/%.

;:832 igi X1.1.4 The volumetric average boiling point is equal to

00 36 (345 + 404 + 436 + 465 + 505)/5, or 431°F.

;gzj‘o’ ggg X1.1.5 The ratio, VABP/( 10/90 Slope + 16.0) is 431/
(2.0 + 16.0), or 23.9.

X1.1.1 From Fig. 2, using the 10/70 slope of 2.0 and the x1.1.6 The results of the calculations, X1.1.1 to X1.1.5 are
50 % distillation temperature, a value of — 6 is obtained as thehown in Fig. 1. The first datum entered in Fig. 1 was the
increment to add to the 50 % distillation temperature to obtain/ABp 431 F, on the lower right scale, and other data were used
:hfeEsF\‘/lgg ;?;e?%egtirgdjlzhus the calculated 50 % tempergys required and indicated by the heavy broken line to establish
ure i inu : . T

. ; . the focal point. The bubble-point line then was drawn by

X1.1.2 From Fig. 3, using ASTM temperature differences of : : : : :

70for 0 to 10 %, 59 for 10 to 30 %, and 32 for 30 to 50 %, EFV::nogl(rletlst;ng the focal point and the point obtained as explained

temperature differences of 34, 37, and 17, respectively, were
obtained and their sum determined to be 88. Thus the calcy- X1-1.7 The calculated true vapor pressure at 400 F, as read

lated EFV 0 % temperature is 430 minus 88, or 342°F. Thdrom the bubble-point line is 27 psia.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
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