[lIM) Designation: D 86 — 01 el An American National Standard

—~yl’
INTERNATIONAL
Standard Test Method for
- - . . 1
Distillation of Petroleum Products at Atmospheric Pressure
This standard is issued under the fixed designation D 86; 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.
This specification has been approved for use by agencies of the Department of Defense.
€' Note—Paragraph 13.2.3 and Table 8 were editorially corrected in October 2001.
1. Scope specified, such as in contractual agreements or regulatory rules

1.1 This test methddcovers the atmospheric distillation of Where earlier versions of the method(s) identified may be
petroleum products using a laboratory batch distillation unit tg'€quired.
determine quantitatively the boiling range characteristics of 2:2 ASTM Standards: .
such products as natural gasolines, light and middle distillates, D 97 Test Method for Pour Point of Petroleum Prodticts
automotive spark-ignition engine fuels, aviation gasolines, D 323 Test Method for Vapor Pressure of Petroleum Prod-
aviation turbine fuels, 1-D and 2-D regular and low sulfur ~_Ucts (Reid Method) N
diesel fuels, special petroleum spirits, naphthas, white spirits, D 2892 Test Method for Distillation of Crude Petroleum
kerosines, and Grades 1 and 2 burner fuels. (15-Theoretical Plate Columf)

1.2 The test method is designed for the analysis of distillate D 4057 Practice for Manual Sampling of Petroleum and
fuels; it is not applicable to products containing appreciable _ Petroleum Products

quantities of residual material. D 4177 Practice for Automatic Sampling of Petroleum and
1.3 This test method covers both manual and automated _Peétroleum Products _
instruments. D 4953 Test Method for Vapor Pressure of Gasoline and

Gasoline-Oxygenate Blends (Dry Methdd)

Note 1—Interlaboratory consensus test data have been obtained in the b 5190 Test Method for Vapor Pressure of Petroleum Prod-
last few years under the CS92 program. The statistical equivalency ucts (Automatic Metho&)

between the manual and the automated procedure is currently under study,
based on data from this program obtained between 1994 and 1998. D 5191 Te_St Method for Vapor Pressure of Petroleum Prod-
ucts (Mini Method¥

1.4 Unless otherwise noted, the values stated in Sl units are b g4g5 Test Method for Vapor Pressure of Petroleum Prod-
to be regarded as the standard. The values given in parentheses |, ¢ (Mini Method-Atmospherié)

are provided for information only. D 5949 Test Method for Pour Point of Petroleum Products
1.5 This standard does not purport to address all of the (Automatic Pressure Pulsing Methéd)

safety concerns, if any, associated with its use. It is the D 5950 Test Method for Pour Point of Petroleum Products
responsibility of the user of this standard to establish appro- (Automatic Tilt Method

E_rli_ate ?afetyl and hl_ea_lth practices and determine the applica- 5985 Test Method for Pour Point of Petroleum Products
ility of regulatory limitations prior to use. (Rotational Method)

2. Referenced Documents E 1 Specification for ASTM Thermometérs

. - . E 77 Test Method for | ti Verificati f Ther-
2.1 All standards are subject to revision, and parties to momeetzr% ethod for Inspection and Verification o er

agreement on this test method are to apply the most recent e )
edition of the standards indicated below, unless otherwise Eir%jlr% Specification for Laboratory Glass Graduated Cyl

1 This test method is under the jurisdiction of ASTM Committee D02 on
Petroleum Products and Lubricants and is the direct responsibility of Subcommittee—————————
D02.08 on Volatility. 2 Annual Book of ASTM Standardgol 05.01.
In the IP, the equivalent test method is published under the designation IP 123. * Annual Book of ASTM Standardgol 05.02.
It is under the jurisdiction of the Standardization Committee. 4 Annual Book of ASTM Standardéol 05.03.
Current edition approved Aug. 10, 2001. Published September 2001. Originally °Annual Book of ASTM Standardgol 14.03.
published as D 86-21. Last previous edition D 86-00a. ® Annual Book of ASTM Standardgol 14.04.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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E 1405 Specification for Laboratory Glass Distillation (final boiling point) cannot consistently meet the requirements
Flask$ given in the precision section.

2.3 IP Standards’ 3.1.4 dynamic holdupn—the amount of material present in

IP 69 Determination of Vapour Pressure—Reid Method  the neck of the flask, in the sidearm of the flask, and in the
IP 123 Petroleum Products—Determination of Distillation condenser tube during the distillation.

Characteristics
IP 394 Determination of Air Saturated Vapour Pressure
IP Standard Methods for Analysis and Testing of Petroleu
and Related Products 1996—Appendix A

3.1.5 emergent stem effech—the offset in temperature
reading caused by the use of total immersion Hg-in-glass
Mhermometers in the partial immersion mode.

3.1.5.1 Discussior—In the partial immersion mode, a por-

3. Terminology tion of the mercury thread, thet is, the emergent portiqn, ie at
3.1 Definitions: a Iewer temperature than the immersed portion, resulting in a
3.1.1 charge volumen—the volume of the specimen, 100 shrln_kage of the mercury thread and a lower temperature

mL, charged to the distillation flask at the temperature speci[eadmg' i i - )

fied in Table 1. 3.1.6 end point (EP) or final boiling point (FBR)+—the
3.1.2 decomposition, +-of a hydrocarbonthe pyrolysis or maximum corrected thermometer reading obtained during the

cracking of a molecule yielding smaller molecules with lower t€St.

boiling points than the original molecule. 3.1.6.1 Discussior—This usually occurs after the evapora-
3.1.2.1 decomposition point,-Athe corrected thermometer tion of all liquid from the bottom of the flask. The term

reading that coincides with the first indications of thermalmaximum temperature is a frequently used synonym.

decomposition of the liquid in the flask. 3.1.7 front end loss n—loss due to evaporation during
(1) Discussior-Characteristic indications of thermal de- transfer from receiving cylinder to distillation flask, vapor loss

composition are evolution of fumes and erratic temperaturgluring the distillation, and uncondensed vapor in the flask at
readings that usually decrease after any attempt is made the end of the distillation.

adjust the heat. 3.1.8 initial boiling point (IBP), n—the corrected thermom-
Note 2—The decomposition point, as determined under the condition€ter reading that is observed at the instant the first drop of

of this test method, does not necessarily correspond to the decompositi@@ndensate falls from the lower end of the condenser tube.

temperature in other applications. 3.1.9 percent evaporatech—the sum of the percent recov-
3.1.3 dry point n—the corrected thermometer reading thatered and the percent loss.

is observed at the instant the last drop of liquid (exclusive of 3.1.10 percent loss (or observed loss),—one hundred
any drops or film of liquid on the side of the flask or on the minus the percent total recovery.

temperature sensor), evaporates from the lowest point in the 3 1 10 1 corrected loss, #-percent loss corrected for baro-
distillation flask. metric pressure.

3131 Discussion—'.l'he. end point (final boiling point), 3.1.11 percent recoveredn—the volume of condensate
rather than the dry point, is intended for general use. The dr}Sbserved in the receiving cylinder, expressed as a percentage of

point can be reported in connection W'th. special pUrposg,q charge volume, associated with a simultaneous temperature
naphthas, such as those used in the paint industry. Also, it is

substituted for the end point (final boiling point) whenever thereadmg. .
sample is of such a nature that the precision of the end point 3-1-12 pércent recovery, +-the maximum percent recov-
ered, as observed in accordance with 10.14.

3.1.12.1 corrected percent recovery—athe percent recov-
ery, adjusted for the difference between the observed loss and

5 ) . ) § >
Available from the Institute of Petroleum, 61 New Cavendish St., London,the corrected |OSS, as described in Eq s.

W1M 8AR, UK.
TABLE 1 Preparation of Apparatus
Group 0 Group 1 Group 2 Group 3 Group 4
Flask, mL 100 125 125 125 125
ASTM distillation thermometer 7C (7F) 7C (7F) 7C (7F) 7C (7F) 8C (8F)
IP distillation thermometer range low low low low high
Flask support board A B B C C
diameter of hole, mm 32 38 38 50 50
Temperature at start of test
Flask °C 0-5 13-18 13-18 13-18 not above
°F 32-40 55-65 55-65 55-65 ambient
Flask support and shield not above not above not above not above
ambient ambient ambient ambient
Receiving cylinder and 100 mL
charge
°C 0-5 13-18 13-18 13-184 13-ambient?
°F 32-40 55-65 55-65 55-65 55—-ambient”

A See 10.3.1.1 for exceptions.



A0y D 86— 01¢t
“afl

3.1.12.2 percent total recovery, athe combined percent tion of ASTM Committee D02, dating from the time when it
recovery and residue in the flask, as determined in accordaneeas still referred to as the Engler distillation. Since the test
with 11.1. method has been in use for such an extended period, a
3.1.13 percent residuen—the volume of residue in the tremendous number of historical data bases exist for estimating
flask, measured in accordance with 10.19, and expressed a®ad-use sensitivity on products and processes.
percentage of the charge volume. 5.2 The distillation (volatility) characteristics of hydrocar-
3.1.14 rate of change (or slopejr—the change in tempera- bons have an important effect on their safety and performance,
ture reading per percent evaporated or recovered, as describesbecially in the case of fuels and solvents. The boiling range
in 13.2. gives information on the composition, the properties, and the
3.1.15 temperature lagn—the offset between the tempera- behavior of the fuel during storage and use. Volatility is the
ture reading obtained by a temperature sensing device and theajor determinant of the tendency of a hydrocarbon mixture to

true temperature at that time. produce potentially explosive vapors.

3.1.16 temperature measurement device-a thermometer, 5.3 The distillation characteristics are critically important
as described in 6.3.1, or a temperature sensor, as describedfor both automotive and aviation gasolines, affecting starting,
6.3.2. warm-up, and tendency to vapor lock at high operating

3.1.17 temperature reading,-Athe temperature obtained by temperature or at high altitude, or both. The presence of high
a temperature measuring device or system that is equal to thmiling point components in these and other fuels can signifi-
thermometer reading described in 3.1.18. cantly affect the degree of formation of solid combustion

3.1.17.1 corrected temperature readings+the temperature deposits.
reading, as described in 3.1.17, corrected for barometric 5.4 Volatility, as it affects rate of evaporation, is an impor-
pressure. tant factor in the application of many solvents, particularly

3.1.18 thermometer reading (or thermometer result-the  those used in paints.
temperature of the saturated vapor measured in the neck of the5.5 Distillation limits are often included in petroleum prod-
flask below the vapor tube, as determined by the prescribedct specifications, in commercial contract agreements, process
thermometer under the conditions of the test. refinery/control applications, and for compliance to regulatory

3.1.18.1 corrected thermometer reading;—+the thermom- rules.
eter reading, as described in 3.1.18, corrected for barometric
pressure. 6. Apparatus

4. Summary of Test Method 6.1 Basic Components of the Apparatus

; L 6.1.1 The basic components of the distillation unit are the
4.1 Based on its composition, vapor pressure, expected IBF)istillation flask, the condenser and associated cooling bath, a
or expected EP, or combination thereof, the sample is placed ﬂ ' 9 ’

one of five groups. Apparatus arrangement, condensertempelrgetal shield or enclosure for the distillation flask, the heat

ture, and other operational variables are defined by the group i‘%rfﬁé i:ie?\‘/aiik iuﬁrﬁ)ger:tr’ gic}tﬁg?fﬁ?zggﬂIrl‘;?ssu”ng device,
which the sample falls. gcy -

4.2 A 100-mL specimen of the sample is distilled under 6.1.2 Figs. 1 and 2 and are examples of manual distillation

X » X . units.
prescribed conditions for the group in which the sample falls. . . . .
The distillation is performed in a laboratory batch distillation 6.1.3 In addition to the basic components described in 6.1.1,

unit at ambient pressure under conditions that are designed {:butomated units also are equipped with a system to measure

provide approximately one theoretical plate fractionation. Sysf’md automatically record the temperature and the associated

tematic observations of temperature readings and volumes a?covered vqlume n the_recewmg cylinder. L .
condensate are made, depending on the needs of the user of;(g;z A detailed description of the apparatus is given in Annex
data. The volume of the residue and the losses are also”: . .
recorded. 6.3 Temperatur_e Measuring Device _ _

4.3 At the conclusion of the distillation, the observed vapor 8-3-1 Mercury-in-glass thermometers, if used, shall be filled
temperatures can be corrected for barometric pressure and thih an inert gas, graduated on the stem and enamel backed.
data are examined for conformance to procedural requirel"€y shall conform to Specification E1 or IP Standard

ments, such as distillation rates. The test is repeated if ang'ethOdS for Analysis and Testing of Petroleum and Related
specified condition has not been met. roducts 1996, Appendix A, or both, for thermometers ASTM

4.4 Test results are commonly expressed as percent evapb</!P 5C and ASTM 7F for the low range thermometers, and

rated or percent recovered versus corresponding temperatufeS 1M 8C/IP 6C and ASTM 8F for the high range thermom-

either in a table or graphically, as a plot of the distillation €t€rS:
curve. 6.3.1.1 Thermometers that have been exposed for an ex-

tended period above an observed temperature of 370°C shall
5. Significance and Use not be reused without a verification of the ice point or checked

5.1 The basic test method of determining the boiling range®s prescribed in Specification E 1 and Test Method E 77.

Qf a petroleum _prOdUCt by performing a simple ba.tCh distilla-  Nore 3—At an observed thermometer reading of 370°C, the tempera-
tion has been in use as long as the petroleum industry hagre of the bulb is approaching a critical range in the glass and the
existed. It is one of the oldest test methods under the jurisdichermometer may lose its calibration.
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6.5 Automated equipment manufactured in 1999 and later
" Thermometer shall be equipped with a device to_automatically shut 'down
o power to the unit and to spray an inert gas or vapor in the
chamber where the distillation flask is mounted in the event of

Bath Cover fire.

NoTe 7—Some causes of fires are breakage of the distillation flask,
electrical shorts, and foaming and spilling of liquid sample through the top
opening of the flask.

6.6 Barometer—A pressure measuring device capable of
measuring local station pressure with an accuracy of 0.1 kPa (1
mm Hg) or better, at the same elevation relative to sea level as
the apparatus in the laboratoryWérning—Do not take
readings from ordinary aneroid barometers, such as those used
at weather stations and airports, since these are precorrected to
give sea level readings.)

Heat
Resistant
Boards

Shield _

Burner-1

[UUUIES

7. Sampling, Storage, and Sample Conditioning

7.1 Determine the Group characteristics that correspond to
the sample to be tested (see Table 2). Where the procedure is
dependent upon the group, the section headings will be so
marked.

7.2 Sampling
: 7.2.1 Sampling shall be done in accordance with Practice
FIG. 1 Apparatus Assembly Using Gas Burner D 4057 or D 4177 and as described in Table 3.
7.2.1.1 Group 0—Condition the sample container to below

6.3.2 Temperature measurement systems other than tho8&C, preferably by filling the bottle with the cold liquid sample
described in 6.3.1 are satisfactory for this test method, proand discarding the first sample. If this is not possible because,
vided that they exhibit the same temperature lag, emergeri@r instance, the product to be sampled is at ambient tempera-
stem effect, and accuracy as the equivalent mercury-in-glaggre, the sample shall be drawn into a bottle, prechilled to
thermometer. below 5°C, in such a manner that agitation is kept at a

6.3.2.1 The electronic circuitry or the algorithms, or both, minimum. Close the bottle immediately with a tight-fitting
used shall include the capability to simulate the temperature laglosure and place the sample in an ice bath or refrigerator.
of a mercury-in-glass thermometer. 7.2.1.2 Group +—Collect the sample as described in 7.2.1.1

6.3.2.2 Alternatively, the sensor can also be placed in &tatemperature below 10°C. If this is not possible because, for
casing with the tip of the sensor covered so that the assemblifjstance, the product to be sampled is at ambient temperature,
because of its adjusted thermal mass and conductivity, hastBe sample shall be drawn into a bottle prechilled to below
temperature lag time similar to that of a mercury-in-glass10°C, in such a manner that agitation is kept at a minimum.
thermometer. Close the bottle immediately with a tight-fitting closure.
(Warning—Do not completely fill and tightly seal a cold bottle
%1 sample because of the likelihood of breakage on warming.)

7.2.1.3 Groups 2, 3, and 4-Collect the sample at ambient

) temperature. After sampling, close the sample bottle immedi-
6.3.3 In case of dispute, the referee test method shall b

. , " . Stely with a tight-fitting closure.
carried out with the specified merqury—m—glass thermometer. 75 1 4 | the sample received by the testing laboratory has
6.4 Temperature Sensor Centering Device

been sampled by others and it is not known whether sampling

6.4.1 The temperature sensor shall be mounted through @5 heen performed as described in 7.2, the sample shall be
snug-fitting device designed for mechanically centering the,cs,med to have been so sampled.

sensor in the neck of the flask without vapor leakage. Examples 7 5 Sample Storage
of acceptable centering devices are shown in Figs. 3 and 4. 7 3 1 f testing is not to start immediately after collection,

(Warning—The use of a plain stopper with a hole drilled gqre the samples as indicated in 7.3.2, 7.3.3, 7.3.4, and Table
through the center is not acceptable for the purpose described samples shall be stored away from direct sunlight or

in 6.4.1.) sources of direct heat.
Note 5—Other centering devices are also acceptable, as long as they 7.3.2 Group 0 —Samples shall be stored in a refrigerator
position and hold the temperature sensing device in the proper position ibelow a temperature of 5°C.

the neck of the distillation column, as shown in Fig. 5 and described in 73,3 Group 1—Store the sample at a temperature below
10.5. °C

Note 6—When running the test by the manual method, products with
a low IBP may have one or more readings obscured by the centering Note 8—If there are no, or inadequate, facilities for storage below
device. See also 10.14.4.1. 10°C, the sample may also be stored at a temperature below 20°C,

Air Vents

(o

Support —

Note 4—In a region where the temperature is changing rapidly during
the distillation, the temperature lag of a thermometer can be as much as
seconds.
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Note 1—Legend:

1-Condenser bath 11-Distillation flask
2—Bath cover 12-Temperature sensor
3-Bath temperature sensor 13—Flask support board
4-Bath overflow 14—Flask support platform
5-Bath drain 15-Ground connection
6—Condenser tube 16—Electric heater
7—-Shield 17—-Knob for adjusting level
8-Viewing window of support platform
9a—\Voltage regulator 18—Power source cord
9b-\Voltmeter or ammeter 19-Receiver cylinder
9c—Power switch 20—Receiver cooling bath
9d-Power light indicator 21-Receiver cover
10-Vent

FIG. 2 Apparatus Assembly Using Electric Heater

provided the operator ensures that the sample container is tightly closed Note 9—If there are no, or inadequate, facilities for storage below

and leak-free. 10°C, the sample may also be stored at a temperature below 20°C,
7.3.4 Group 2—Store the sample at a temperature be|OWprovided the operator ensures that the sample container is tightly closed
100'(:' and leak-free.
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FIG. 3 PTFE Centering Device for Ground Glass Joint

Drilled out to fit
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FIG. 4 Example of Centering Device Designs for Straight-Bore
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FIG. 5 Position of Thermometer in Distillation Flask

TABLE 2 Group Characteristics
Group 0 Group1l Group?2 Group3 Group4

Sample
characteristics
Distillate type natural
gasoline
Vapor pressure at
37.8°C, kPa =65.5 <65.5 <65.5 <65.5
100°F, psi =95 <9.5 <9.5 <9.5
(Test Methods
D 323, D 4953,
D5190, D 5191,
D5482, IP 69 or
IP 394)
Distillation, IBP °C =100 >100
= =212 >212
EP °C =250 =250 >250 >250
°F =482 =482 >482 >482

7.4.1.1 Group 6—Samples shall be conditioned to a tem-
perature of less than 5°C (40°F) before opening the sample
container.

7.4.1.2 Groups 1 and 2-Samples shall be conditioned to a
temperature of less than 10°C (50°F) before opening the
sample container.

7.4.1.3Groups 3 and 4-If the sample is not fluid at
ambient temperature, it is to be heated to a temperature of 9 to
21°C above its pour point (Test Method D 97, D 5949, or
D 5985) prior to analysis. If the sample has partially or
completely solidified during storage, it shall be vigorously
shaken after melting prior to opening the sample container to
ensure homogeneity.

7.4.1.4 If the sample is not fluid at room temperature, the
temperature ranges shown in Table 3 for the flask and for the
sample do not apply.

7.5 Wet Samples

7.5.1 Samples of materials that visibly contain water are not
suitable for testing. If the sample is not dry, obtain another
sample that is free from suspended water.

7.5.2 Groups 0, 1, and 2If such a sample cannot be
obtained, the suspended water can be removed by maintaining
the sample at 0 to 10°C, adding approximately 10 g of
anhydrous sodium sulfate per 100 mL of sample, shaking the
mixture for approximately 2 min, and then allowing the
mixture to settle for approximately 15 min. Once the sample
shows no visible signs of water, use a decanted portion of the
sample, maintained between 1 and 10°C, for the analysis. Note
in the report that the sample has been dried by the addition of
a desiccant.

Note 10—Suspended water in hazy samples in Groups 1 and 2 can be
removed by the addition of anhydrous sodium sulfate and separating the
liquid sample from the drying agent by decanting without statistically
affecting the results of the te%t.

7.5.3 Groups 3 and 4-In cases in which a water-free
sample is not practical, the suspended water can be removed by
shaking the sample with anhydrous sodium sulfate or other

7.3.5 Groups 3 and 4-Store the sample at ambient or lower suitable drying agent and separating it from the drying agent by

temperature.

7.4 Sample Conditioning Prior to Analysis
7-4-1. Samples shall be C(_)ndmoned to the te.mperature 8 Supporting data are available from ASTM Headquarters. Request RR:D02-
shown in Table 3 before opening the sample container.

1455.
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TABLE 3 Sampling, Storage, and Sample Conditioning

Group 0 Group 1 Group 2 Group 3 Group 4
Temperature of sample bottle °C <5 <10
°F <40 <50
Temperature of stored sample °C <5 <104 <10 ambient ambient
°F <40 <50 <50 ambient ambient
Temperature of sample after °C <5 <10 <10 Ambient or Ambient or
conditioning prior to analysis 9 to 21°C above pour point®
°F <40 <50 <50 Ambient or Ambient or
48 to 70°F above pour point?
If sample is wet resample resample resample dry in accordance with 7.5.3
If resample is still wet® dry in accordance with 7.5.2

A Under certain circumstances, samples can also be stored at temperatures below 20°C (68°F). See also 7.3.3 and 7.3.4.
B If sample is (semi)-solid at ambient temperature, see also 10.3.1.1.
€ If sample is known to be wet, resampling may be omitted. Dry sample in accordance with 7.5.2 and 7.5.3.

decanting. Note in the report that the sample has been dried by 9.1.2.1 If the temperature reading differs more than 0.2°C

the addition of a desiccant. from the expected temperature (see Note 12 and Table 4), the
) temperature measurement system shall be considered defective
8. Preparation of Apparatus and shall not be used for the test.

8.1 Refer to Table 1 and prepare the apparatus by ChOOSIngNOTE 11—Toluene is used as a verification fluid for bias; it will yield

the appropriate distillation flask, temperature measuring degmost no information on how well an electronic measurement system
vice, and flask support board, as directed for the indicatedimulates the temperature lag of a mercury-in-glass thermometer.

group. Bring the temperature of the receiving cylinder, the

flask, and the condenser bath to the indicated temperature. 9.1.2.2 Reagent grade foluene, conforming o the specifica-

tions of the Committee on Analytical Reagents of the American
Ehemical Society,shall be used for this test. However, other

crifaitgtz ir?ggdairlcizr rggfj?re?infe rrt]r;)eer;?ljz\gn‘?hgyrlzenciei\r/invél"cytl)iegrades may also be used, provided it is first ascertained that the
der shall be in a bath such that either the liquid level is at lea eagentis of sufficient purity to permit ts use without lessening

as high as the 100-mL mark or the entire receiving cylinder is e accuracy of the determination.

surrounded by an air circulation chamber. Note 12—At 101.3 kPa, toluene is shown in reference manuals as
8.2.1 Groups 0, 1, 2, and -3-Suitable media for low boiling at 110.6°C when measured using a partial immersion thermometer.
temperature baths include, but are not limited to, chopped iCEecause this test.method uses thermomgters calibrated for total immer-
and water, refrigerated brine, and refrigerated ethylene egCOE!On’ f[he results W|I_I be lower and, depending on the thermomet(_er and the
' ) . . . ituation, may be different for each thermometer. The estimated figures are
8.2.2 Group 4—Suitable media for ambient and higher bath 109 3o (228.7°F) when using the low range thermometer and 109.9°C
temperatures include, but are not limited to, cold water, ho{229.8°F) when using the high range thermometer.

Wa8te:33r, Snd heated ethyl_%nelgll_ycq(lj. i th d tube b 9.1.3 A procedure to determine the magnitude of the tem-
.3 Remove any residual liquid in the condenser tube by, . o lag is described in Annex A3.

swabbing with a piece of soft, lint-free cloth attached to a cor 9.1.4 A procedure to emulate the emergent stem effect is

or wire. described in Appendix X4.
9.1.5 To verify the ability of the temperature measurement

91T M S e system to emulate mercury-in-glass thermometer at elevated
-1 Temperature Measurement Systeifemperature mea- temperatures, use cetane (n-hexadecane). The temperature

surement systems using other than the specified mercury-inzeaqrement system shall indicate at, 50% distilled, a tem-

glass thermometers shall exhibit the same temperature la erature of 275.3+ 1.0°C under Group 3 distillation condi-
emergent stem effect, and accuracy as the equivalent mercury-

) i ; e ons and 278.6= 1.0°C under Group 4 distillation conditions.
in-glass thermometer. Confirmation of the calibration of these
temperature measuring systems shall be made at intervals of
not more than six month nd after th m h n
Otl Ode tha S d onths, and after the syste as bee 9 Reagent Chemicals, American Chemical Society Specificatimerican
replaced or repaired. . . . Chemical Society, Washington, DC. For suggestions on the testing of reagents not
9.1.1 The accuracy and the calibration of the electronidisted by the American Chemical Society, sdealar Standards for Laboratory
Circuitry or computer a|gorithmsy or both, shall be verified byChemicals BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia
the use of a standard precision resistance bench. When p%lng National FormularyU.S. Pharmacopeial Convention, Inc. (USPC), Rockville,
forming this verification, no algorithms shall be used to correct
the temperature for lag and the emergent stem effect (see
manufacturer’s instructions).

9. Calibration and Standardization

TABLE 4 True and D 86 Boiling Points of Toluene

9.1.2 The magnitude of the bias shall be verified by distill- """ ASTM eI 8c. 5
ing pure toluene in accordance with this test method and compound true boiling D 86 boiling  bias D 86 boiling bias
comparing the 50 % recovered temperature with that shown by POO'(;“ Pg(':f‘t PS'Cm
the above mentioned mercury-in-glass thermometers whefr— s 1106 1093 13 1099 07

carrying out a manual test under the same conditions.
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Note 13—Because of the high melting point of n-hexadecane, Group 3 10.5 Fit the temperature sensor through a snug-fitting de-
verification distillations will have to be carried out with condenser yjce, as described in 6.4, to mechanically center the sensor in
temperatures >20°C. the neck of the flask. In the case of a thermometer, the bulb is

9.2 Automated Methad centered in the neck and the lower end of the capillary is level

9.2.1 Level Follower—For an automated distillation appa- with the highest point on the bottom of the inner wall of the
ratus, the level follower/recording mechanism of the apparatugapor tube (see Fig. 5). In the case of a thermocouple or
shall have a resolution of 0.1 mL or better with a maximumresistance thermometer, follow the manufacturer’s instructions
error of 0.3 mL between the 5 and 100 mL points. Theas to placement.
calibration of the assembly shall be verified in accordance with _ _
manufacturer's instructions at intervals of not more than three NOT™® 17—If vacuum grease is used on the mating surface of the

. Centering device, use the minimum amount of grease that is practical.

months and after the system has been replaced or repaired. 9 . . 9 . P o
) o ) o 10.6 Fit the flask vapor tube, provided with a snug-fitting
Note 14—The typical calibration procedure involves verifying the cork or rubber stopper of silicone, or equivalent polymeric

output with the receiver containing 5 and 100 mL of material respectively.material tightly into the condenser tube. Adjust the flask in a

9.2.2 Barometric Pressure-At intervals of not more than yertical position so that the vapor tube extends into the

six months, and after the system has been replaced or repairggndenser tube for a distance from 25 to 50 mm. Raise and
the barometric reading of the instrument shall be verified;gjyst the flask support board to fit it snugly against the bottom
against a barometer, as described in 6.6. of the flask.

10. Procedure 10.7 Place the receiving cylinder that was used to measure
the specimen, without drying the inside of the cylinder, into its
temperature-controlled bath under the lower end of the con-
denser tube. The end of the condenser tube shall be centered in

g;og/ I?;ia\(/ja\llc\g:t] a Oslnrl:%:i'g'r;?aggrriglortiSthot?p?r:tgft‘:‘]'gcr?::krg??ﬁé’the receiving cylinder and shall extend therein for a distance of
. Poly  ughtly at least 25 mm, but not below the 100-mL mark.

sample container and bring the temperature of the sample to thelo_8 Initial Boiling Point

temperature indicated in Table 1. .
10.8.1 Manual Method—To reduce evaporation loss of the
10.3 Groups 0, 1, 2, 3, and-4Check that the temperature distillate, cover the receiving cylinder with a piece of blotting

oﬁetggelsagptlﬁesloaos_ rr?lr_]or\ggrl!no: ?hb;er:ée:?/?nur éhﬁnzgfcgn;SBaper, or similar material, that has been cut to fit the condenser
P Y 9cy : tube snugly. If a receiver deflector is being used, start the

transfer the contents c.)f the receiving CV"F‘def as completely istillation with the tip of the deflector just touching the wall of
practical into the distillation flask, ensuring that none of the

liquid flows into the vapor tube the reqeivi_ng cylinder. If a receiver deflector is not used, keep
' the drip tip of the condenser away from the wall of the

Note 15—It is important that the difference between the temperature ofeceiving cylinder. Note the start time. Observe and record the
the specimen and the temperature of the bath around the receiving cylindgBP to the nearest 0.5°C (1.0°F). If a receiver deflector is not
is_ as small as practically possible. A difference of 5°C can make %eing used, immediately move the receiving cylinder so that
difference of 0.7 mL. the tip of the condenser touches its inner wall.

10.3.1 Groups 3 and 4-If the sample is not fluid at ambient  10.8.2 Automated Method-To reduce evaporation loss of
temperature, it is to be heated to a temperature between 9 aggk (distillate, use the device provided by the instrument
21°C above its pour point (Test Method D 97, D 5949, D 5950 manufacturer for this purpose. Apply heat to the distillation
or D 5985) prior to analysis. If the sample has partially orflask and contents with the tip of the receiver deflector just
completely solidified in the intervening period, it shall be toyching the wall of the receiving cylinder. Note the start time.
vigorously shaken after melting, and prior to sampling, tORecord the IBP to the nearest 0.1°C (0.2°F).
ensure homogeneity. 10.9 Regulate the heating so that the time interval between

10.3.1.1 If the sample is not fluid at ambient temperaturesthe first application of heat and the IBP is as specified in Table
disregard the temperature range shown in Table 1 for the.

receiving cylinder and sample. Prior to analysis, heat the 10.10 Regulate the heating so that the time from IBP to 5 or

receiving cylinder to approximately the same temperature asQ 9, recovered is as indicated in Table 5.

the sample. Pour the heated specimen precisely to the 100-mL10.11 Continue to regulate the heating so that the uniform

mark of the receiving cylinder, and transfer the contents of thyverage rate of condensation from 5 or 10 % recovered to 5 mL

receiving cylinder as completely as practical into the distilla-residue in the flask is 4 to 5 mL per minVarning—Due to

tion flask, ensuring that none of the liquid flows into the vaporthe configuration of the boiling flask and the conditions of the

tube. test, the vapor and liquid around the temperature sensor are not
Note 16—Any material that evaporates during the transfer will con- N thermodynamic equilibrium. The distillation rate will con-

tribute to the loss; any material that remains in the receiving cylinder willsequently have an effect on the measured vapor temperature.

contribute to the observed recovery volume at the time of the IBP. The distillation rate shall, therefore, be kept as constant as
10.4 If the sample can be expected to demonstrate irregul&@0ssible throughout the test.)

boiling behavior, that is, bumping, add a few boiling chips t0  Nore 18—When testing gasoline samples, it is not uncommon to see
the specimen. The addition of a few boiling chips is acceptabléhe condensate suddenly form non-miscible liquid phases and bead up on
for any distillation. the temperature measuring device and in the neck of the boiling flask at a

10.1 Record the prevailing barometric pressure.
10.2 Groups 0, 1, and 2Fit a low range thermometer
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TABLE 5 Conditions During Test Procedure

Group 0 Group 1 Group 2 Group 3 Group 4
Temperature of cooling bath® °C 0-1 0-1 0-5 0-5 0-60
°F 32-34 32-34 32-40 32-40 32-140
Temperature of bath around  °C 0-4 13-18 13-18 13-18 *3
receiving cylinder °F 32-40 55-65 55-65 55-65 *5
of charge
temperature
Time from first application of heat to
initial boiling point, min 2-5 5-10 5-10 5-10 5-15
Time from initial boiling point
to 5 % recovered, s 60-100 60-100
to 10 % recovered, min 3-4
Uniform average rate of condensation
from 5 % recovered to 5 mL
in flask, mL/min 4-5 4-5 4-5 4-5 4-5
Time recorded from 5 mL residue to
end point, min 5 max 5 max 5 max 5 max 5 max

A the proper condenser bath temperature will depend upon the wax content of the sample and of its distillation fractions. The test is generally performed using one single
condenser temperature. Wax formation in the condenser can be deduced from (a) the presence of wax patrticles in the distillate coming off the drip tip, (b) a higher distillation
loss than what would be expected based on the initial boiling point of the specimen, (c) an erratic recovery rate and (d) the presence of wax particles during the removal
of residual liquid by swabbing with a lint-free cloth (see 8.3). The minimum temperature that permits satisfactory operation shall be used. In general, a bath temperature
in the 0 to 4°C range is suitable for kerosine, Grade No. 1 fuel oil and Grade No. 1-D diesel fuel oil. In some cases involving Grade No. 2 fuel oil, Grade No. 2-D diesel
fuel oil, gas oils and similar distillates, it may be necessary to hold the condenser bath temperature in the 38 to 60°C range.

vapor tempergtu_re of around 160°C. This may be accpmpanied by a shafrom a low range thermometer can be reported in place of the

(about 3°C) dip in the .vapor temperature and a drop in the recovery .rat%bscured h|gh range thermometer readingsy and the test report

The phenomenon, which may be due to the presence of trace water in tl%‘hall so indicate. If, by agreement, the obscured readings are

sample, may last for 10 to 30 s before the temperature recovers and the_. ' .

condensate starts flowing smoothly again. This point is sometimeéﬁalved’ the test repo_rt shall _SO indicate.

colloguially referred to as the Hesitation Point. 10.14.5 When it is required to report the temperature
10.12 Repeat any distillation that did not meet the require-re":ldlng at a prescrlbedl percent eyaporated or recoyer_ed for a

sample that has a rapidly changing slope of the distillation

ments described in 10.9, 10.10, and 10.11. ; . .
10.13 If a decomposition point, as described in 3.1.2.1, jgurve In the region of the prescribed percent evaporated or

observed, discontinue the heating and proceed as directed riﬁcovered reading, record temperature readings at every 1%
10.17 ' recovered. The slope is considered rapidly changing if the

10.14 In the interval between the IBP and the end of th change in slopeQ) of the data points described in 10.14.2 in

distillation, observe and record data necessary for the calcul hat particular area is greater than 0.6 (change of slBpés(
tion and reporting of the results of the test as required by thgreater than 1.0) as calculated by Eq 1 (Eq 2).
specification involved, or as previously established for the Change of SlopéC) =
sample under test. These observed data can include tempera- (Co = CpIV2 = V) = (C = CI(V3 = V)
ture readings at prescribed percentages recovered or percent- @
ages recovered at prescribed temperature readings, or both.
10.14.1 Manual Methoe—Record all volumes in the gradu-
ated cylinder to the nearest 0.5 mL, and all temperature
readings to the nearest 0.5°C (1.0°F).
10.14.2 Automated Methoed-Record all volumes in the where:
receiving cylinder to the nearest 0.1 mL, and all temperatureC, = temperature at the volume % recorded one reading

Change of SlopéF) =
(F, = Fl)/(Vz - Vl) —(F3— Fz)/(Vs - Vz) ( )
2

readings to the nearest 0.1°C (0.2°F).

10.14.3 Group G—In cases in which no specific data re- C,
quirements have been indicated, record the IBP, the EP (FBP),
and temperature readings at each 10 % multiple of volumeC,
recovered from 10 to 90, inclusive.

10.14.4 Group 1, 2, 3, and4-In cases in which no specific F;
data requirements have been indicated, record the IBP and the
EP (FBP) or the dry point, or both, and temperature readings af2
5, 15, 85, and 95 % recovered, and at each 10 % multiple of s
volume recovered from 10 to 90, inclusive.

10.14.4.1Group 4—When a high range thermometer is Vi
used in testing aviation turbine fuels and similar products,
pertinent thermometer readings can be obscured by the centej-2
ing device. If these readings are required, perform a second 3
distillation in accordance with Group 3. In such cases, reading

prior to the volume % in question, °C,

temperature at the volume % recorded in question,
OC,

temperature at the volume % recorded following the
volume % in question, °C,

temperature at the volume % recorded one reading
prior to the volume % in question,® F,

temperature at the volume % recorded in question, °F,
temperature at the volume % recorded following the
volume % in question, °F,

volume % recorded one reading prior to the volume %
in question,

volume % recorded at the volume % in question, and
volume % recorded following the volume % in
question.
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10.15 When the residual liquid in the flask is approximately 10.19.3 Groups 1, 2, 3, and-4-Record the volume in the
5 mL, make a final adjustment of the heat. The time from the5-mL graduated cylinder, to the nearest 0.1 mL, as percent
5 mL of liquid residue in the flask to the EP (FBP) shall beresidue.
within the limits prescribed in Table 5. If this condition is not  10.20 If the intent of the distillation is to determine the
satisfied, repeat the test with appropriate modification of thgpercent evaporated or percent recovered at a predetermined
final heat adjustment. corrected temperature reading, modify the procedure to con-
Note 19—Since it is difficult to determine when there is 5 mL of form to the mst[ruc“ons described in Annex A4. .
boiling liquid left in the flask, this time is determined by observing the 10.21 Examine th.e Condenser tube and the side arm of the
amount of liquid recovered in the receiving cylinder. The dynamic holdupflask for waxy or solid deposits. If found, repeat the test after
has been determined to be approximately 1.5 mL at this point. If there arB1aking adjustments described in Footnote A of Table 5.
no front end losses, the amount of 5 mL in the flask can be assumed to
correspond with an amount of 93.5 mL in the receiving cylinder. This11. Calculations
amount has to be adjusted for the estimated amount of front end loss.  11.1 The percent total recovery is the sum of the percent

10.15.1 If the actual front end loss differs more than 2 mLrecovery (see 10.18) and the percent residue (see 10.19).
from the estimated value, the test shall be rerun. Deduct the percent total recovery from 100 to obtain the

10.16 Observe and record the EP (FBP) or the dry point, oP€rcent loss. _ _
both, as required, and discontinue the heating. 11.2 Do not correct the barometric pressure for meniscus
' ) depression, and do not adjust the pressure to what it would be

10.17 Allow the distillate to drain into the receiving cylin-
at sea level.

der, after heating has been discontinued.
10.17.1 Manual Method—=While the condenser tube contin-  Note 21—The observed barometric reading does not have to be

ues to drain into the graduated cylinder, observe and note the@rrected to a standard temperature and to standard gravity. Even without

volume of condensate to the nearest 0.5 mL at 2 min intervalgerforming these corrections, the corrected temperature readings for the

- . . me sample between laboratories at two different locations in the world
until two successive observations agree. Measure the VOIUH]\?(\%I, in general, differ less than 0.1°C at 100°C. Almost all data obtained

in the receiving cylinder accurately, and record it to the nearestyjier have been reported at barometric pressures that have not been
0.5 mL. corrected to standard temperature and to standard gravity.

10.17.2 Automated Methoe-The apparatus shall continu- 19 3 correct temperature readings to 101.3 kPa (760 mm
ally monitor the recovere(_j volume until this volume changeng) pressure. Obtain the correction to be applied to each
by no more than 0.1 mL in 2 min. Record the volume in thetemperature reading by means of the Sydney Young equation

receiving cylinder accurately to the nearest 0.1 mL. as given in Eq 3, Eq 4, or Eq 5, as appropriate, or by the use
10.18 Record the volume in the receiving cylinder aspf Taple 6. For Celsius temperatures:

percent recovery. If the distillation was previously discontin-
ued under the conditions of a decomposition point, deduct the
percent recovered from 100, report this difference as the sum of
percent residue and percent loss, and omit the procedure given
in 10.19. .
10.19 After the flask has cooled and no more vapor is For Fahrenheit temperatures:

observed, disconnect the flask from the condenser, pour its

contents into a 5-mL graduated cylinder, and with the flask  TABLE 6 Approximate Thermometer Reading Correction
suspended over the cylinder, allow the flask to drain until no
appreciable increase in the volume of liquid in the cylinder is

C. = 0.0009(101.3— P,) (273+ t,) A3)

C. = 0.00012(760— P) (273+ t,) (@)

Correction” per 1.3 kPa (10 mm Hg)

Temperature Range . ;
p 9 Difference in Pressure

observed. Measure the volume in the graduated cylinder to the  °c °F °C °F
nearest 0.1 mL, and record as percent residue. 10-30 50-86 0.35 0.63
10.19.1 If the 5-mL graduated cylinder does not have ggjg 12"23:155 g-jg g-sg
graduations below 1 mL and the volume of liquid is less than  75_gg 158-194 0.42 076
1 mL, prefill the cylinder with 1 mL of a heavy oil to allow a 90-110 194-230 0.45 0.81
; ; 110-130 230-266 0.47 0.85
better estimate of the volume of the mater_lal recqvered. 130150 566302 0.50 089
10.19.1.1 If a residue larger than 5 mL is obtained and the 150-170 302-338 0.52 0.94
distillation was not purposely terminated before the EP, check gg—;ig ggi—ﬂg 8-2‘71 g-gg
whgthgr adequate heat was .applled _towards the end of the ;/ 55, 410445 0.59 Lo7
distillation and whether conditions during the test conform to  230-250 446-482 0.62 111
those specified in Table S\@arning—Take adequate precau- gig—gg g?;—gég 8-22 1;(5)
tions when removing the hot flask to prevent accidental burns.) 5g, 270 554590 0.69 124
. . . - 310-330 590-626 0.71 1.28
Note 20—The test method is not designed for the analysis of distillate 53, 2c, 626-662 0.74 133
fuels containing appreciable quantities of residual material (see 1.2). 350-370 662-698 0.76 1.37
. 370-390 698-734 0.78 1.41
10.19.2 Group 0—Cool the 5-mL graduated cylinder to 390-410 734-770 0.81 146
R ; 4
below 5°C. Record the volume m the graduated Cylmder* to the™ Values to be added when barometric pressure is below 101.3 kPa (760 mm
nearest 0.1 mL, as percent residue. Hg) and to be subtracted when barometric pressure is above 101.3 kPa.

10
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C; = 0.00012(760 — P) (460 + t,) (5) observed percent recovered at the prescribed temperature
readings, and report these results as the respective percent
evaporated, that is:

where:
t. = the observed temperature reading in °C, Pe=P +L )
t; = the observed temperature reading in °F,
C.andC; = corrections to be added algebraically to the i
; where:

observed temperature readings, _ L = observed loss
Py = barometrlc pressure, prevailing at the time and P, = percent evaporated, and

location of the test, kPa, and P =

_ ; s . . = percent recovered.

P = barometric pressure, prevailing at the time and

11.6 To obtain temperature readings at prescribed percent

location of the test, mm Hg. . . .
. . . evaporated, and if no recorded temperature data is available
After applying the corrections and rounding each result to

Lo 0 .
the nearest 0.5°C (1.0°F) or 0.1°C (0.2°F), as appropriate to thvé"th'n 0.1 volume % of the prescribed percent evaporated, use

; .~ gither of the two following procedures, and indicate on the
apparatus being used, use the corrected temperature readings in . . :
) : report whether the arithmetical procedure or the graphical
all further calculations and reporting.
procedure has been used.
Note 22—Temperature readings are not corrected to 101.3 kPa (760 11.6.1 Arithmetical Procedure-Deduct the observed loss
mm Hg) when product definitions, specifications, or agreements betweeffom each prescribed percent evaporated to obtain the corre-

the parties involved indicate, specifically, that such correction is nOtsponding percent recovered. Calculate each required tempera-
required or that correction shall be made to some other base pressure.ture reading as follows: '

11.4 Correct the actual loss to 101.3 kPa (760 mm Hg)

pressure when temperature readings are corrected to 101.3 kPa =T+ T~ T)(R-RIRy—R) (10)
pressure. The corrected loss, is calculated from Eq 6 or Eq
7, as appropriate, or can be read from the tables presented aghere:
Fig. X3.1 or Fig. X3.2. R = percent recovered corresponding to the prescribed
ercent evaporated,
Le =05+ (L~ 0.9/ + (1013~ RY/8.0G ©) Ry = Bercent recc?vered adjacent to, and higher tRan
R_ = percent recovered adjacent to, and lower tRan
Le = 0.5+ (L — 0.9/{1 + (760~ P)/60.0 (") T = temperature reading at the prescribed percent evapo-
rated,

where T, = temperature reading recordedRyf, and
L = observed loss, T, = temperature reading recordedRt
L. = corrected loss, Values obtained by the arithmetical procedure are affected by
P. = pressure, kPa, and the extent to which the distillation graphs are nonlinear.
P = pressure, mm Hg. Intervals between successive data points can, at any stage of

Nore 23—Eq 6 and 7 above have been derived from the data in Tabléhe test, be no wider than the intervals indicated in 10.14. In no
7 and Eqgs 5 and 6 in Test Method D 86 — 95 and earlier versions. It i£25€ shall a calculation be made that involves extrapolation.

probable that Eq 6 and 7 shown were the original empirical equations from 11.6.2 Qrgphical Procedure-Using graph paper with uni-
which the table and equations in the Test Method D 86 — 95 and earliiorm subdivisions, plot each temperature reading corrected for

versions were derived. barometric pressure, if required (see 11.3), against its corre-
11.4.1 Calculate the corresponding corrected percent recogPonding percent recovered. Plot the IBP at 0 % recovered.
ery in accordance with the following equation: Draw a smooth curve connecting the points. For each pre-

scribed percent evaporated, deduct the distillation loss to

Re=R+(L-L) @) obtain the corresponding percent recovered and take from the
graph the temperature reading that this percent recovered
where: indicates. Values obtained by graphical interpolation proce-
L = percent loss or observed loss, dures are affected by the care with which the plot is made.
L. = corrected loss, _ , . .
R = percent recovery, and .NOTE _24—See Appendix X1 for numerical examples illustrating the
R. = corrected percent recovery. arithmetical procedure.

11.5 To obtain the percent evaporated at a prescribed 11.6.3 In most automated instruments, temperature-volume
temperature reading, add the percent loss to each of tha#ata are collected at 0.1 volume % intervals or less and stored

TABLE 7 Data Points for Determining Slope, S . or Sg

Slope at % IBP 5 10 20 30 40 50 60 70 80 ) 95 EP
T oat% 0 0 0 10 20 30 40 50 60 70 80 90 95
Ty at % 5 10 20 30 40 50 60 70 80 90 90 95 Vep
V- Vi 5 10 20 20 20 20 20 20 20 20 10 5 Vep—-95

11
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in memory. To report a temperature reading at a prescribednhich tables and figures are to be used for the different fuel

percent evaporated, neither of the procedures described groups, distillation methods, and temperature scales.

11.6.1 and 11.6.2 have to be used. Obtain the desired tempera-13.1.2 The following terms are used in this sectidh):r(=

ture directly from the database as the temperature closest to ansheatability and2) R = reproducibility. The value of any of

within 0.1 volume % of the prescribed percent evaporated. these terms will depend upon whether the calculations were
carried out in °C or °F.

12. Report 13.2 Slope or Rate of Change of Temperature
12.1 Report the following information: 13.2.1 To determine the precision of a result, it is generally
12.2 Report the barometric pressure to the nearest 0.1 kPa flecessary to determine the slope or rate of change of the
mm Hg). temperature at that particular point. This variable, denoted as
12.3 Report all volumetric readings in percentages. Sc or S, is equal to the change in temperature, either in °C or

12.3.1 Manual Methoeé—Report volumetric readings to the in °F, respectively, per percent recovered or evaporated.
nearest 0.5, and all temperature readings to the nearest 0.5°C13.2.2 For Group 1 in the manual method and for all groups
(1.0°F). in the automated method, the precision of the IBP and EP does

12.3.2 Automated Method-Report volumetric readings to not require any slope calculation.
the nearest 0.1, and all temperature readings to the nearest]13.2.3 With the exception stated in 13.2.2 and in 13.2.4, the
0.1°C (0.2°F) or less. slope at any point during the distillation is calculated from the

12.4 After barometric corrections of the temperature readfollowing equations, using the values shown in Table 7:
ings have been made, the following data require no further ot _
calculation prior to reporting: IBP, dry point, EP (FBP), SO =Ty = OV = V) (11)
decomposition point, and all pairs of corresponding valueswhere:

12.5 When the temperature readings have not been corlL is the lower temperature, °C (or °F),
rected to 101.3 kPa (760 mm Hg) pressure, report the percenfu is the volume % recovered or evaporated corre-
residue and percent loss alsservedn accordance with 10.19 sponding taTy,,
and 11.1, respectively. A is the volume % recovered or evaporated corre-

12.6 Do not use the corrected loss in the calculation of sponding toT,, %nd
percent evaporated. Vegp = iS the_volume % rec0\_/ered or evaporated corre-
12.7 It is advisable to base the report on relationships spending to the end po[nt._ ) .
between temperature readings and percent evaporated when tha3:2.4 In the_event that the distillation end_ pqmt occurs prior
sample is a gasoline, or any other product classified unddf the 95 % point, the slope at the end point is calculated as
Group 0 or 1, or in which the percent loss is greater than 2.00lloWs:
Otherwise, the report can be based on relationships between S (0rS) = (Tep — Tur) / (Vep — Vir) (12)
temperature readings and percent evaporated or percent recov
E;z%. Every report must indicate clearly which basis has been Tep OF Tog iS the_ temperature, in °C or_°F at the percent
: . . . ¥0Iume recovered indicated by the subscript,
12.7.1 In the manual method, if results are given in percen . 0 d
evaporated versus temperature readings, report if the arithmeti—VEF’ Or Vig is the V°'9me_ /b recovered.
cal or the graphical procedure was used (see 11.6). 13.2.4.1 The subscripts in Eq 12 refer to:
12.8 Report if a drying agent, as described in 7.5.2 or 7.5.3,

involving percent recovered and temperature readings. S = is the slope, °C/volume %,
12.4.1 The report shall state if the temperature readingsS- = is the slope, °F/volume %,
have not been corrected for barometric pressure. Ty = is the upper temperature, °C (or °F),

where:

was useq. _ EP = end point
12.9 Figure X1.1 is an example of a tabular report. It showsHr = highest reading, either 80 % of 90 %, prior to the end
the percent recovered versus the corresponding temperature point.

reading and versus the corrected temperature reading. It also13 5 5 For points between 10 to 85 % recovered which are

shows the percent loss, the corrected loss, and the percefd shown in Table 7, the slope is calculated as follows:
evaporated versus the corrected temperature reading.

S (or§) = 0.05(T w+10 — T (v=10) (13)
13. Precision and Bias 13.2.6 For samples in Group 1, the precision data reported
13.1 Precision are based on slope values calculated from percent evaporated

13.1.1 The precision of this test method has been deteflata.
mined by the statistical examination of interlaboratory test 13.2.7 For samples in Group 2, 3, and 4, the precision data
results obtained by 26 laboratories on 14 gasolines, by #Zeported (Table 8) are based on slope values calculated from
laboratories on 8 samples of kerosene by the manual proc@ercent recovered data.
dure, 3 laboratories on 6 samples of kerosene by the automated13.2.8 When results are reported as volume % recovered,
procedure, and 5 laboratories on 10 samples of diesel fuel bslope values for the calculation of precision are to be deter-
both the manual and automated procedures. Table Al1.1 listeined from percent recovered data; when results are reported

12
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TABLE 8 Repeatability and Reproducibility for Group 1

Manual Manual Automated Automated
E\éapciraot/ed Repeatability Reproducibility Repeatability® Reproducibility®

Oln ! 0 OC OF DC OF OC OF OC OF
IBP 3.3 6 5.6 10 3.9 7 7.2 13
5 1.9+0.86S¢ 3.4+0.86S¢ 3.1+1.74S. 5.6+1.74S¢ 2.1+0.67S¢ 3.8+0.67S¢ 4.4+2.0S 7.9+2.0S¢
10 1.2+0.86Sc 2.2+0.86S, 2.0+1.74S. 3.6+1.74S, 1.7+0.67Sc 3.0+0.67S, 3.3+2.0S. 6.0+2.0S¢
20 1.2+0.86S¢ 2.2+0.86S¢ 2.0+1.74S¢c 3.6+1.74S. 1.1+0.67Sc 2.0+0.67Sg 3.3+2.0Sc 6.0+2.0S¢
30-70 1.2+0.86Sc 2.2+0.86S¢ 2.0+1.74S. 3.6+1.74S, 1.1+0.67S¢ 2.0+0.67S¢ 2.6+2.0S¢ 4.7+2.0Sg
80 1.2+0.86Sc 2.2+0.86S, 2.0+1.74S. 3.6+1.74S, 1.1+0.67Sc 2.0+0.67S¢ 1.7+2.0S¢ 3.0+2.0S¢
90 1.2+0.86S¢ 2.2+0.86S¢ 0.8+1.74Sc 1.4+1.74S¢ 1.1+0.67Sc 2.0+0.67Sg 0.7+2.0Sc 1.2+2.0S¢
95 1.2+0.86S¢ 2.2+0.86S¢ 1.1+1.74S¢ 1.9+1.74S, 2.5+0.67S¢c 4.5+0.67Sg 2.6+2.0Sc 4.7+2.0S¢
FBP 3.9 7 7.2 13 4.4 8 8.9 16

ASc or Si is the average slope (or rate of change) calculated in accordance with 13.2.

as volume % evaporated slope values are to be determined13.3.2.3 GROUPS 2, 3, and-4-The difference between two

from % evaporated data. single and independent results obtained by different operators
13.3 Manual Method working in different laboratories on identical test material
13.3.1 Repeatability would, in the normal and correct operation of this test method,

13.3.1.1 GROUP G—Duplicate results obtained for the EP exceed the values calculated from the data in Table 9 in only
shall not differ from each other by more than 3.5°C (6°F) inone case in twent}#
one case in twenty. Differences in duplicate temperature 13.4 Automated Methad
readings for each prescribed percentage point shall not exceed13.4.1 Repeatability
the amounts equivalent to 2 mL of distillate at each point in  13.4.1.1 GROUP G—Duplicate results obtained for the
question. The calculation of this maximum difference isendpoint shall not differ from each other by more than 3.5°C
described in Annex Ab. (6°F) in one case in twenty. Differences in duplicate tempera-
13.3.1.2GROUP *-The difference between successiveture readings for each prescribed percentage point shall not
results obtained by the same operator with the same apparatggceed the amounts equivalent to 2 mL of distillate at each
under constant operating conditions on identical test materigloint in question. The calculation of this maximum difference
would, in the long run, in the normal and correct operation ofis described in Annex A5.
this test method, exceed the values calculated from Table 9in 13.4.1.2GROUP 1—The difference between successive
only one case in twenty. results obtained by the same operator with the same apparatus
13.3.1.3GROUPS 2, 3, and 4-The difference between under constant operating conditions on identical test material
successive results obtained by the same operator with the sam@uld, in the long run, in the normal and correct operation of
apparatus under constant operating conditions on identical tegiis test method, exceed the values calculated from Table 8 in
material would, in the long run, in the normal and correctonly one case in twenty.
operation of this test method, exceed the values calculated 13.4.1.3GROUPS 2, 3, and 4The difference between

from the values in Table 9 in only one case in twenty. successive results obtained by the same operator with the same
13.3.2 Reproducibility apparatus under constant operating conditions on identical test
13.3.2.1 GROUP 6—The reproducibility of the test method material would, in the long run, in the normal and correct

for this group has not been determined. operation of this test method, exceed the values calculated

13.3.2.2GROUP *—The difference between two single and from Table 10 in only one case in twenty.
independent results obtained by different operators working in 13 4.2 Reproducibility
different laboratories on identical test material would, in the 13 4.2.1 GROUP 6—The reproducibility of the test method
normal and correct operation of this method, exceed the valuggy this group has not been determined.
calculated from Table 9 in only one case in twekty.

u . — .
10 precision data obtained from RR study on both manual and automated D 86 _ 12Ple 9 has been derived from the nomographs in Figs. 6 and 7 in ASTM
units by North American and IP Laboratories. D 86-97.

TABLE 9 Repeatability and Reproducibility for Groups 2, 3 and 4 (Manual Method)

Repeatability” Reproducibility”
oc oF oc oF
IBP 1.0+0.35S¢ 1.9+0.35S, 2.8+0.93S¢ 5.0+0.93S,
595 % 1.0+0.41S 1.8+0.41S. 1.8+1.33S 3.3+1.33S,
FBP 0.7+0.36S¢ 1.3+0.36Sg 3.1+0.42Sc 5.7+0.42S¢
% volume at 0.7+0.92/S 0.7+1.66/Sg 1.5+1.78/S¢ 1.53+3.20/Sg

temperature reading

A Calculate S¢ or Sg from 13.2.
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TABLE 10 Repeatability and Reproducibility for Groups 2, 3 and 4 (Automated)

Repeatability” Reproducibility®
Collected, %
°C °F °Cc °F

IBP 35 6.3 8.5 15.3

2% 3.5 6.3 2.6 + 1.92S¢ 4.7 +1.92S,
5% 1.1 +1.08S¢ 2.0+ 1.08S, 2.0+ 2.53S¢ 3.6+ 2.53S,
10 % 1.2+ 1.42S. 2.2 +1.42S, 3.0 + 2.64S¢ 5.4 +2.64S.
20-70 % 1.2 +1.42S 2.2 +1.42S, 2.9 +3.97Sc 5.2 +3.97S,
80 % 1.2 +1.42S¢ 2.2+ 1.42S¢ 3.0 + 2.64Sc 5.4 + 2.64S¢
90-95 % 1.1 +1.08S¢ 2.0 +1.08S¢ 2.0+ 2.53Sc 3.6 + 2.53S,
FBP 35 6.3 10.5 18.9

A S or Sg is the average slope (or rate of change) calculated in accordance with 13.5.

13.4.2.2 GROUP 1-The difference between two single and method and the true boiling point distillation curve obtained by
independent results obtained by different operators working ifest Method D 2892. The magnitude of this bias, and how it
different laboratories on identical test material would, in therelates to test precision, has not been rigorously studied.
normal and correct operation of this test method, exceed the 13.5.2 Bias—Due to the use of total immersion thermom-
values calculated from Table 8 in only one case in twéfty. eters, or temperature sensing systems designed to emulate

13.4.2.3GROUPS 2, 3, and4The difference between two them, the distillation temperatures in this test method are
single and independent results obtained by different operatosomewhat lower than the true temperatures. The amount of
working in different laboratories on identical test material bias depends on the product being distilled and the thermom-
would, in the normal and correct operation of this test methodeter used. The bias due to the emergent stem has been
exceed the values calculated from Table 10 in only one case idetermined for toluene and is shown in Table 4.
twenty.

13.5 Bias 14. Keywords

13.5.1 Relative Bias—There exists a bias between the 14.1 batch distillation; distillates; distillation; laboratory
empirical results of distillation properties obtained by this testdistillation; petroleum products

ANNEXES
(Mandatory Information)

Al. REPEATABILITY AND REPRODUCIBILITY DEFINITION AIDS

Al.1 Table Al1.1 is an aid for determining which repeat-
ability and reproducibility table or section, is to be used.

TABLE A1.1 Summary of Aids for Definition of Repeatability and Reproducibility

Table or Section to Use

Group Method Temperature Scale
Repeatability Reproducibility

0 Manual °C or °F 13.3.1.1 13.3.2.1
Automated °C or °F 134.11 134.21

1 Manual °C Table 8 Table 8
°F Table 8 Table 8

1 Automated °C Table 8 Table 8
°F Table 8 Table 8

2,34 Manual °C Table 9 Table 9
°F Table 9 Table 9

2,34 Automated °C Table 10 Table 10
°F Table 10 Table 10

14
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A2. DETAILED DESCRIPTION OF APPARATUS

A2.1 Distillation Flasks—Flasks shall be of heat resistant outlet of the tube. Alternatively, the lower portion of the
glass, constructed to the dimensions and tolerances shown aondenser tube can be curved slightly backward to ensure
Fig. A2.1 and shall otherwise comply with the requirements ofcontact with the wall of the receiving cylinder at a point 25 to
Specification E 1405. Flask A (100 mL) may also be con-32 mm below the top of the receiving cylinder. Fig. A2.2 is a
structed with a ground glass joint, in which case the diametedrawing of an acceptable configuration of the lower end of the
of the neck shall be the same as the 125-mL flask. condenser tube.

A2.2.3 The volume and the design of the bath will depend
on the cooling medium employed. The cooling capacity of the
bath shall be adequate to maintain the required temperature for

A2.2 Condenser and Condenser Batfiypical types of the desired condenser performance. A single condenser bath
condenser and condenser baths are illustrated in Figs. 1 andrday be used for several condenser tubes.

A2.2.1 The condenser shall be made of seamless non-
corrosive metal tubing, 56 5 mm in length, with an outside
diameter of 14 mm and a wall thickness of 0.8 to 0.9 mm.

Note A2.1—For tests specifying dry point, specially selected flasks
with bottoms and walls of uniform thickness are desirable.

A2.3 Metal Shield or Enclosure for FlasKkManual units
only).
A2.3.1 Shield for Gas Burne(see Fig. 1)—The purpose of
NOT_E A2.2—'Brass or stainless steel has been found to be a suitablghis shield is to provide protection for the operator and yet
material for this purpose. allow easy access to the burner and to the distillation flask
A2.2.2 The condenser shall be set so that 38 mm ofthe  during operation. A typical shield would be 480-mm high,
tube is in contact with the cooling medium, with 303 mm  280-mm long and 200-mm wide, made of sheet metal of
outside the cooling bath at the upper end, and with+#Bmm  0.8-mm thickness (22 gage). The shield shall be provided with
outside at the lower end. The portion of the tube projecting aat least one window to observe the dry point at the end of the
the upper end shall be set at an angle of 753° with the distillation.
vertical. The portion of the tube inside the condenser bath shall A2.3.2 Shield for Electric Heater(see Fig. 2)—A typical
be either straight or bent in any suitable continuous smootlhield would be 440-mm high, 200-mm long, and 200-mm
curve. The average gradient shall be #£51° with respect to  wide, made of sheet metal of approximately 0.8-mm thickness
the horizontal, with no 10-cm section having a gradient outsidg22 gage) and with a window in the front side. The shield shall
of the 15+ 3° range. The projecting lower portion of the be provided with at least one window to observe the dry point
condenser tube shall be curved downward for a length of 7@t the end of the distillation.
mm and the lower end shall be cut off at an acute angle.
Provisions shall be made to enable the flow of the distillate to A2-4 Heat Source:
run down the side of the receiving cylinder. This can be A2.4.1 Gas Burner(see Fig. 1), capable of bringing over
accomplished by using a drip-deflector, which is attached to théhe first drop from a cold start within the time specified and of

REINFORCING BEAD REINFORCING BEAD
/ /—— 19/220R 19/26 ¥
_ 1691 0.3 mm LD. 1691 0.3 mm I.D.
1.8 £ 0.2 WALL ~1 18it02waL
| 205+ 0.50.D.
1.8 £ 0.2 WALL
2151 3mm 215t 3mm 21513 mm s
FIRE Fin,
P, (3
Tog , Olss, 105" OlUss,
/2% 4 Shep, /904 o Sh,
‘w‘ W‘D
/ /
« b k) Q
2 , “2 f
7105mmO.D. 7105mmO.D. 7+05mm0D.
1.151 0.15 mm WALL 1.15 £ 0.15 mm WALL 1.15 £ 0.15 mm WALL
137 £ 3mm 137 £+ 3mm 137 +3Imm
I<—o5nmmo.n.—> I«ssummo.n.—b I« 69+ 1mmoD.—+
1.51 0.5 mm WALL 1.5 1 0.5 mm WALL 1.5 1 0.5 mm WALL
Flask A, 100 ml Flask B, 125 ml Flask B, 125 m!

FIG. A2.1 Flask A, 100 mL, Flask B, 125 mL, and Flask B with Ground Glass Joint, 125 mL
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(Warning—Asbestos-containing materials shall not be used in
the construction of the items described in A2.5 and A2.6.)

dimensions in mm

A2.7 The flask support board can be moved slightly in
different directions on the horizontal plane to position the
distillation flask so that direct heat is applied to the flask only
through the opening in this board. Usually, the position of the
flask is set by adjusting the length of the side-arm inserted into
the condenser.

A2.8 Provision shall be made for moving the flask support
assembly vertically so that the flask support board is in direct
contact with the bottom of the distillation flask during the
distillation. The assembly is moved down to allow for easy
mounting and removal of the distillation flask from the unit.

A2.9 Receiving Cylinders-The receiving cylinder shall
Approx. 2 have a capacity to measure and collect 100 mL. The shape of
~ the base shall be such that the receiver does not topple when

. Approx. 60 placed empty on a surface inclined at an angle of 13° from the
horizontal.
A2.9.1 Manual Method-The cylinder shall be graduated at
Lower End of Condenser Tube intervals of 1 mL and have a graduation at the 100-mL mark.
FIG. A2.2 Lower End of Condenser Tube Construction details and tolerances for the graduated cylinder

are shown in Fig. A2.3.

A2.9.2 Automated Method-The cylinder shall conform to
the physical specifications described in Fig. A2.3, except that
%raduations below the 100-mL mark are permitted, as long as

continuing the distillation at the specified rate. A sensitive
manual control valve and gas pressure regulator to giv
complete control of heating shall be provided.

A2.4.2 Electric Heater (see Fig. 2), of low heat retention.

Note A2.3—Heaters, adjustable from 0 to 1000 W, have been found to
be suitable for this purpose.

Dimensions in mm

Fire Polished
A2.5 Flask Support: /
A2.5.1 Type +Use a Type 1 flask support with a gas < — e To0s
burner (see Fig. 1). This support consists of either a ring ’ ‘| WallThickness

support of the ordinary laboratory type, 100 mm or larger in
diameter, supported on a stand inside the shield, or a platform
adjustable from the outside of the shield. On this ring or
platform is mounted a hard board made of ceramic or other
heat-resistant material, 3 to 6 mm in thickness, with a central
opening 76 to 100 mm in diameter, and outside line dimensions
slightly smaller than the inside boundaries of the shield.

A2.5.2 Type 2-Use a Type 2 flask support with electric
heating (see Fig. 2): This flask support is a platform mounted
on top of the electric heater and adjustable from the outside of
the shield. On this platform is mounted a hard board made of
ceramic or other heat-resistant material, 3 to 6 mm in thickness,
with a central opening 76 to 100 mm in diameter, and outside
line dimensions slightly smaller than the inside boundaries of
the shield.

25416

1915+ 135
Scale Length

A2.6 Flask Support Board-The flask support board, also
constructed of ceramic or other heat-resistant material, 3 to 6
mm in thickness, shall be placed above the hard board K‘
described in A2.5.1 and A2.5.2 and have slightly smaller A —
outside line dimensions than this board. Flask support boards
are classified as A, B, or C, based on the size of the central  Nore 1—1-100 mL in 1 mL graduations; toleranee 1.0 mL.
opening, the dimensions of which are shown in Table 1. FIG. A2.3 100 mL Graduated Cylinder

16
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they do not interfere with the operation of the level follower. A2.10 Residue Cylinder-The graduated cylinder shall

Receiving cylinders for use in automated units may also havlave a capacity of 5 or 10 mL, with graduations into 0.1 mL

a metal base. subdivisions, beginning at 0.1 mL. The top of the cylinder may
A2.9.3 If required, the receiving cylinder shall be immersedbe flared, the other properties shall conform to Specification

during the distillation to above the 100-mL graduation line ing 1272.

a cooling liquid contained in a cooling bath, such as a tall-form

beaker of clear glass or transparent plastic. Alternatively, the

receiving cylinder may be placed in a thermostated bath air

circulation chamber.

A3. DETERMINATION OF THE DIFFERENCE IN LAG TIME BETWEEN AN ELECTRONIC TEMPERATURE
MEASUREMENT SYSTEM AND A MERCURY-IN-GLASS THERMOMETER

A3.1 The response time of an electronic temperature A3.2.2 Bestresults are obtained with a sample that is typical
measuring device is inherently more rapid than that of eof the sample load of the laboratory. Alternatively, use a
mercury-in-glass thermometer. The temperature measuririgll-range mixture wih a 5 to 95 %boiling range of at least
device assembly in general use, consisting of the sensor and #80°C.

casing, or an t_alectronic system and its associate_d software, O'A3.3 Replace the electronic temperature measuring device
both, is so designed that the temperature measuring system Willin a low range or a high range mercury-in-glass thermom-

simulate the temperature lag of the mercury-in-glass thermongier, depending on the boiling range of the sample.
eter.
A3.4 Repeat the distillation with this thermometer, and

A3.2 To determine the difference in lag time between sucHnanually record the temperature at the various percent recov-

a temperature measuring system and a mercury-in-glass thé&€d as described in 10.14.

mometer, analyze a sample such as gasoline, kerosine, jet fuel, A3.5 Calculate the values for the repeatability for the
or light diesel fuel with the electronic temperature measureobserved slopeXT/AV) for the different readings in the test.
ment system in place and in accordance with the procedures

described in this test method. In most cases this is the standatrggg’gatcrgmngggi trhr? tgzt .ggsta T%kzaénf?greﬂilggattgise t(‘)’\.'r?t
distillation step performed with an automated unit. peratu uring devices. ! Y pol

shall be equal to, or less than, the repeatability of the method

A3.2.1 Do not use a single pure compound, a very narrovat that point. If this difference is larger, replace the electronic
boiling range product, or a synthetic blend of less than sixemperature measuring device or adjust the electronics in-
compounds for this test. volved, or both.

A4. PROCEDURE TO DETERMINE THE PERCENT EVAPORATED OR PERCENT RECOVERED AT A PRESCRIBED
TEMPERATURE READING

A4.1 Many specifications require specific percentages A4.2.2 Automated Methed-Determine this correction to
evaporated or recovered at prescribed temperature readings1°C (0.2°F).
either as maxima, minima, or ranges. The procedures to
determine these values are frequently designated by the termsA4.3 Determine the expected temperature reading to yield
Exxx or Rxxx, where xxx is the desired temperature. xxx°C (or xxx°F) after the barometric correction. To obtain the
expected value, add the absolute value of the calculated
Note A4.1—Regulatory standards on the certification of reformulatedcqrrection to the desired temperature if the barometric pressure
gasoline under the complex model procedure require the determination above 101.3 kPa. If the barometric pressure is below 101.3

E 200 and E 300, defined as the percent evaporated fuel at 93.3°C (200° btract th bsolute val f th lculated rrection
and 148.9°C (300°F), respectively. E 158, the percent evaporated at a, subtrac € absolute value o € calculated correctio

distillation temperature of 70°C (158°F), is also used in describing fuel rom the desired temperature.
volatility characteristics. Other typical temperatures are R 200 for kero- o ] ] )
sines and R 250 and R 350 for gas oils, where R 200, R 250, and R 350 A4.4 Perform the distillation, as described in Section 10,

are the percent recovered fuel at 200°C, 250°C, and 350°C, respectivelwhile taking into account A4.5 and A4.6.

A4.2 Determine the barometric pressure, and calculate the o4 5 Manual Distillation:
correction to the desired temperature reading using Eq 3, Eq 4, A4.5.1 In the region between about 10°C below and 10°C

or Bq 5 fort =xxx°C (ort; = xxx°F). above the desired expected temperature reading determined in
A4.2.1 Manual Method-Determine this correction to A4.3, record the temperature reading in intervals of 1 volume
0.5°C (1°F). %.
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A4.5.2 If the intent of the distillation is to solely determine  A4.8 Precision:
the value of Exxx or Rxxx, discontinue the distillation after at
least another 2 mL of distillate have been collected. Otherwise

continue the distillation, as described in Section 10, amﬁ ‘b directl di interlaborat
determine the observed loss, as described in 11.1. as not been directly measured in an interiaboratory program.

A4.5.2.1 If the intent of the distillation is to determine the 't €an be shown that the precision of the vollume % evaporated
value of Exxx and the distillation was terminated after about 20" recovered at a prescribed temperature is equivalent to the
mL of distillate was collected beyond the desired temperature?r€cision of the temperature measurement at that point divided
allow the distillate to drain into the receiving graduate. Allow by the rate of change of temperature versus volume %
the contents of the flask to cool to below approximately 40°cevaporated or recovered. The estimation of precision becomes
and then drain its contents into the receiving graduate. Note th€ss precise at high slope values.
volume of product in the receiving graduate to the nearest 0.5 A4.8.2 Calculate the slope or rate of change in temperature
mL at 2 min intervals until two successive observations agreereading, $(or S), as described in 13.2 and Eq 11 and using

A4.5.2.2 The amount recovered in the receiving graduate issmperature values bracketing the desired temperature.
the percent recovery. Determine the amount of observed 10Ss po4.8.3 Calculate the repeatability, or the reproducibility,
by subtracting the percent recovery from 100.0. R, from the slope, S(or S), and the data in Table 8, Table 9,

A4.6 Automated Distillation: or Table 10. i . I

A4.6.1 In the region between about 10°C below and 10°C A4.8.4 Determine the repeatability or reproducibility, or
above the desired expected temperature reading determinedJRth. of the volume % evapc_)rated or recgvered ata prescribed
A4.3, collect temperature-volume data at 0.1 volume % interl€mperature from the following formulas:

vals or less. "'volume %= r/S: (S) (A4.1)
A4.6.2 Continue the distillation, as described in Section 10,
and determine the percent loss, as described in 11.1.

A4.8.1 The statistical determination of the precision of the
olume % evaporated or recovered at a prescribed temperature

Rvolume %= RIS (S) (A4.2)
A4.7 Calculations:

A4.7.1 Manual Method—If a volume % recovered reading where:
is not available at the exact temperature calculated in A4.3/volume %

repeatability of the volume % evaporated or

determine the percent recovered by interpolation between the recovered,
two adjacent readings. Either the linear, as described in 11.6.1volume % = reproducibility of the volume % evaporated
or the graphical procedure, as described in 11.6.2, is permitted. or recovered,
The percent recovered is equal to RXxx. r = repeatability of the temperature at the pre-
A4.7.2 Automated Method-Report the observed volume to scribed temperature at the observed percent
0.1 volume % corresponding to the temperature closest to the distilled,
expected temperature reading. This is the percent recovered, & = reproducibility of the temperature at the
RXXX. prescribed temperature at the observed per-
A4.7.3 Manual and Automated MethodsTo determine the cent distilled, and o
value of Exxx, add the observed loss to the percent recovered(S) = rate of change in temperature reading in °C
Rxxx, as determined in A4.7.1 or A4.7.2 and as described in Eq (°F)dper the volume % evaporated or recov-
9. ered.
A4.7.3.1 As prescribed in 12.6, do not use the corrected A4.8.5 Examples on how to calculate the repeatability and
loss. the reproducibility are shown in Appendix X2.

A5. REPEATABILITY FOR GROUP 0 SAMPLES

A5.1 Differences in duplicate temperature readings for each d =T (V +2) —T,(V)| (A5.4)
prescribed percentage point should not exceed the amounts

equivalent to 2 mL of distillate at each point in question. \_1_vh(evr)e. - temperature reading of sample x at volume
; =
A5.2 The differenced, in temperature between two read- B vV, )
ings 2 mL apart for Determination 1 at Volunéis either: T(V+2) = {fmgeralfure (;eadlng of sample x at volume
+2mL, an
4 =T (V=2 —Ty(V)|or (A51) T (V-2) = temperature reading of sample x at volume
=T, (V +2)-Ty(V)| (A5.2) V-2 mL.
To be conservative, we now choose the smallest of these four
For Determination 2, the two values dfare values, that is,
d;=|T,(V—2) = TyV)|or (A5.3) dnin = lowest value ofl,, d,, ds, ord, (A5.5)
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Duplicate temperature readings are deemed to be within the [T (V) = T, (V) | = di (A5.6)
repeatability criterion if

APPENDIXES
(Nonmandatory Information)

X1. EXAMPLES ILLUSTRATING CALCULATIONS FOR REPORTING OF DATA

X1.1 The observed distillation data used for the calculation X1.2 Temperature Readings at Prescribed Percent Evapo-
of the examples below are shown in the first three columns ofated:

Fig. X1.1. ) X1.2.1 Temperature reading at 10 % evaporated (4.7 %
X1.1.1 Temperature readings corrected to 101.3 kPa (76Qpserved loss = 5.3 % recovered) (see 11.6.1) are as follows:
mm Hg) pressure (see 11.3) are as follows:

Tye (°C) = 33.7+ [(40.3— 33.7) (X1.5)
correction (°C) = 0.0009(101.3— 98.6) (273+1t)  (X1.1) (53— 510 5] = 34.1C
correction(°F) = 0.00012(760 — 740) (460+t)  (X1.2) B '
Tie (°F) = 92.7+ [(104.5— 92.7) (X1.6)

X1.1.2 Loss correction to 101.3 kPa (see 11.4) are as

follows. The data for the examples are taken from Fig. X1.1. (5.3~ 5/(10~ 5] = 93.1F

corrected loss= (0.5 + (4.7 — 0.5/ (X1.3 Xl.2.2dTemper1a1tL(13re1 readingfaltI 50 % evaporated (45.3 %
recovere see .0.1) are as 10llows:
{1+ (101.3- 98.6/8.0} = 3.6 ) ( )
. T5e (°C) = 93.9+ [(108.9— 93. X1.7
X1.1.3 Recovery correction to 101.3 kPa (see 11.4.1) are as w0e (°C) (¢ 9 (XL.7)
follows: (45.3— 40)/(50 — 40)] = 101.9T
corrected recovery 94.2+ (4.7 — 3.6) = 95.3 (X1.4) Tsee (°F) = 201+ [(228— 20D (X1.8)
(45.3— 40)/(50 — 40)] = 215.3F
Sample 1D: .
o:?; analyzed: Barometric pressure: 98.6 kPa X1.2.3 Temperature reading at 90 % evaporated (85.3 %
ranarker Anatyst: recovered) (see 11.6.1) are as follows:
Barometric pressure Toe (°C) = 181.6+ [(201.6— 181.6 (X1.9)
observed corrected procedure
98.6 kPa 101.3 kPa arithmetical/graphicat (85.3— 85)/(90 — 85) ] = 182.8T
% 740 mm Hg 760 mm Hg % Teva
recovered  °C °F °c F  evaporated °C . °F Tooe (°F) = 358.9+ [(394.8— 358.9 (X1.10)
1BP 25.5 78 26.2 79.2 5 26.7  80.0 (85.3— 85)/(90 — 85)] = 361.0F
5 33.0 91 33.7 927 10 34.1 13;.3
00Bs % wd NS % ot e X1.2.4 Temperature reading at 90 % evaporated (85.3 %
. . 31.5 30 65.7  150.2
B Ny N e i e mae recovered) not corrected to 101.3 kPa pressure (see 11.6.1) are
40 93.0 199 93.9 201.0 50 101.9  215.3 as follows:
50  108.0 226 108.9 228.0 60 116.9 gz_gts.
23.0 253 124.0 255.1 70 134.1 . o) — _
?3 :42.0 288 143.0 289.4 8(5) 128'2 g;gﬁ Toce (°C) = 180.5+ [(200.4— 180.5 (X1.11)
. 332 167.6  333.6 8 . . _
8 1s0 3 1816 398 0 1828 3610 (85.3— 85)/(90 — 85)] = 181.7T
. 3 201.6  394.8 9 . . o
B 1m0 41 2lee 421 Toge (°F) = 357+ [(392 - 357) (X1.12)
recovered, % 94.2 95.3 (85.3— 85)/(90 — 85)] = 359.1F
residue, % 1.1 1.1
toss, % 4.7 3.6 Note X1.1—Results calculated from °C data may not correspond
FIG. X1.1 Example of Test Report exactly to results calculated from °F data because of errors in rounding.

X2. EXAMPLES OF CALCULATION OF REPEATABILITY AND REPRODUCIBILITY OF VOLUME % (RECOVERED OR
EVAPORATED) AT A PRESCRIBED TEMPERATURE READING

X2.1 Some specifications require the reporting of the X2.2.1 For a Group 1 sample exhibiting distillation charac-
volume % evaporated or recovered at a prescribed temperatuteristics as per Table X2.1, as determined by an automated unit,
Table X2.1 shows the distillation data of a Group 1 sample ashe reproducibility of the volume evaporat®dolume %, at
obtained by an automated unit. 93.3°C (200°F) is determined as follows:

X2.2 Example Calculation:
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TABLE X2.1 Distillation Data from a Group 1 Sample Automated S % =0.1(T 50 — T (10)

Distillation
=0.1(201— 182
Distillation Point Volume (mL)
Temperature® C Temperature °F Recovered at =1.9
Recovered, mL 93.3°C (200°F) .
i X2.2.2 From Table 9, determine the valueRfthe repro-
0 o 183 18.0 ducibility at the observed percentage distilled. In this case, the
20 94 202 observed percentage distilled is 18 % and
30 103 217 _
pos 119 533 R=3.3+20(%) (X2.2)
o . Volume (mLO =33+20x11
Distillation Point o o
Evaporated, mL Temperature® C Temperature® F Evaporated at =55
' 93.3°C (200°F)
o4 R=6.0+2.0(S$)
10 83 182 =6.0+20x19
20 % 201 B
30 103 217 =938
40 p— 232 X2.2.3 From the calculated value Bf determine the value
of volume, as described in A4.8.4.
Rvolume %= RI(S) (X2.3)
X2.2.1.1 Determine first the slope at the desired tempera- =55/1.1
ture: =5.0
S % = 0.1(T 50 = T (20) (X2.1) Rvolume %= R(S:)
=0.1(94 - 83 =9.8/1.9
=11 =51

X3. TABLES OF CORRECTED LOSS FROM MEASURED LOSS AND BAROMETRIC PRESSURE

X3.1 The table presented as Fig. X3.1 can be used to X3.2 The table presented as Fig. X3.2 can be used to
determine the corrected loss from the measured loss and thliketermine the corrected loss from the measured loss and the
barometric pressure in kPa. barometric pressure in mm Hg.

Barometric Pressure, kPa

from 761 809 845 873 896 915 931 941 955 964 972 979 984 988 995 1000 1004 1008 101.2 101.5 1020 1024 1028 1032
through 808 844 872 895 914 930 940 954 963 97t 978 983 988 994 999 1003 1007 10t1 1014 1018 1023 1027 1031 1035

Observed

Loss /—— Corrected Loss ——~—— >

Units
0 037 035 033 031 029 027 025 023 020 018 016 014 013 04t 009 006 0.04 002 -0.00 -~-002 -006 -0.09 -0.13 -0.17
1 063 065 067 069 071 073 075 078 080 082 084 086 087 083 092 094 09 098 100 103 106 109 113 117
2 089 085 101 108 114 120 126 133 140 146 152 157 162 168 175 181 187 194 200 208 217 227 238 251
3 115 125 136 146 157 167 1.77 1.88 199 209 219 228 237 247 258 269 279 290 3.00 313 329 345 363 384
4 1.41 156 1.70 184 199 2144 228 243 259 273 287 300 312 326 341 356 370 385 400 418 440 463 489 518
5 168 186 204 223 242 261 279 298 349 337 355 371 387 405 425 444 462 481 500 523 551 581 614 652
6 194 216 239 261 284 308 330 353 378 401 423 442 462 484 508 531 553 577 600 628 663 699 740 786
7 220 246 273 300 327 355 380 408 438 465 490 514 537 563 591 618 644 673 700 733 774 817 865 920
8 246 276 307 338 370 402 431 463 498 528 558 585 612 64t 674 706 736 769 800 838 886 935 990 1053
9 272 307 341 376 412 449 48 518 6557 592 626 656 687 720 757 793 827 865 900 943 997 1053 1116 11.87

10 298 337 376 415 455 496 533 573 617 656 694 728 762 799 841 881 9149 960 1000 1048 11.08 11.71 1241 13.21
11 324 367 410 453 497 543 584 628 677 720 761 799 837 878 924 968 1010 1056 11.00 11.53 1220 1289 13.67 1455
12 350 397 444 492 540 590 635 683 736 784 829 871 912 957 1007 1056 11.02 1152 1200 1253 1331 1407 1492 1589
13 376 427 478 530 583 636 686 739 796 847 897 942 986 1036 1090 1143 1193 1248 13.00 13.64 1443 1525 1617 17.22
14 403 458 513 569 625 683 736 794 856 911 964 1013 1061 1115 11.74 1231 1285 13.44 1400 1469 1554 1643 17.43 1856
15 429 488 547 607 668 730 787 849 915 975 1032 1085 11.36 1193 1257 13.18 13,76 1440 1500 1574 1666 17.61 18.68 19.90
16 455 518 581 645 710 777 838 904 975 1039 11.00 11.56 1211 1272 1340 1406 1468 1536 16.00 1679 17.77 1879 1994 21.24
17 481 548 616 684 753 824 883 959 1035 11.03 11.68 1227 12.86 1351 1423 1493 1559 16.31 17.00 1784 1888 1997 21.19 2258
18 507 578 650 722 796 871 9.40 10.14 10.94 1166 1235 1299 1361 1430 1507 1580 1650 1727 18.00 1889 2000 21.15 2244 2391
19 533 608 684 761 838 918 991 1069 1154 1230 13.03 1370 1436 15.09 1590 1668 17.42 1823 19.00 19.94 21.11 22.33 23.70 2525
20 559 639 7148 799 881 965 1041 1124 1214 1294 1371 1441 1511 1588 1673 1755 18.33 19.19 20.00 20.89 22.23 23.51 24.95 26.59
Tenths
00 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
01 003 003 003 004 004 005 005 006 006 006 007 007 007 008 008 009 009 010 010 011 011 012 013 013
02 005 006 007 008 009 003 010 011 012 013 014 014 015 016 017 017 018 019 020 021 022 024 025 027
03 008 009 010 032 013 014 015 017 018 019 020 021 022 024 025 026 027 029 030 032 033 035 038 040
04 010 012 014 015 017 049 020 022 024 026 027 029 030 032 033 035 037 038 040 042 045 047 050 054
05 043 015 017 019 02f 023 025 028 030 032 034 036 037 039 042 044 046 048 050 053 05 059 063 067
06 016 018 021 023 026 028 031 0833 036 038 041 043 045 047 050 052 055 058 060 063 067 071 075 080
07 018 o021 024 027 030 033 036 033 042 045 047 050 052 055 058 061 064 067 070 074 078 083 088 094
08 o.21 024 027 031 034 038 041 044 048 051 054 057 060 063 067 070 073 077 080 084 08 094 100 107
09 024 027 03t 035 038 042 046 050 054 057 061 064 067 071 075 079 08 08 090 095 100 106 113 120

FIG. X3.1 Corrected Loss from Observed Loss and Barometric Pressure kPa
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Barometric Pressure, mm Hg.

from 571 607 634 655 672 686 698 706 716 728 729 734 738 742 746 750 753 756 759 762 765 768 771 774
through 606 633 654 671 685 697 705 716 722 728 733 737 1M 745 749 752 755 758 761 764 767 770 773 776

Observed

Loss /== Corrected Loss — = ~—— >

Units
0 037 035 033 031 029 027 025 023 020 018 016 014 013 011 009 007 005 002 -000 -003 -0.06 -0.09 -0.13 -0.17
1 063 065 067 069 071 073 075 077 080 08 084 086 087 083 09N 093 095 098 100 1.03 106 109 113 117
2 082 095 1.01 1.07 114 120 126 132 139 145 151 157 162 168 174 180 186 193 200 208 217 227 238 2850
3 115 125 136 146 156 167 177 187 199 209 219 228 236 246 257 267 277 288 300 313 328 344 363 3.83
4 1.41 155 170 184 1989 214 227 242 258 272 28 299 311 325 340 354 368 383 400 419 439 462 488 517
5 1.67 186 204 222 241 261 278 297 318 336 354 370 38 408 423 441 459 479 500 524 550 658 613 650
6 1883 216 238 261 284 307 328 352 377 899 421 441 460 482 505 528 550 574 600 629 661 6987 738 784
7 219 246 272 299 326 354 379 407 436 463 488 512 535 560 588 6.15 6.41 669 700 734 772 815 863 917
8 246 276 307 337 369 401 430 462 496 527 55 583 609 638 671 702 732 764 B800 840 884 933 988 1050
9 272 306 341 376 411 448 481 517 555 6590 623 654 684 717 754 789 823 860 900 945 995 1050 1113 1184

10 298 336 375 414 454 494 531 571 645 654 6981 725 758 795 837 876 914 955 1000 1050 11.06 11.68 1238 13.17
11 324 366 409 452 496 541 58 626 674 717 758 796 833 874 9149 963 1005 1050 11,00 11.56 1217 12.86 13.63 14.51
12 350 39 443 491 539 588 633 681 734 781 826 867 907 952 1002 1050 1096 1146 1200 1261 1328 1403 1488 1584
13 376 427 478 529 581 635 683 736 793 844 893 538 982 1031 1085 1137 1187 1241 13.00 1366 1439 1521 1613 17.17
14 402 457 512 567 624 682 734 791 853 9.08 961 1009 1057 11.09 1168 1224 1278 1336 1400 1471 1551 1639 17.38 1851
19 428 487 546 606 666 728 785 846 912 971 1028 1080 11.31 11.88 1251 13.11 1368 1431 1500 1577 16.62 17.57 1863 19.84
16 454 517 580 644 7098 775 835 901 972 1035 1095 11.51 1206 1266 13.33 1398 1459 1527 16.00 1682 17.73 1874 19.88 21.18
17 480 547 614 682 751 822 886 956 1031 1098 11.63 1222 1280 1345 14.16 1485 1550 1622 17.00 17.87 18.84 1992 21.13 2251
18 506 577 649 721 794 869 937 1011 108t 1162 1230 1293 1355 1423 1499 1572 1641 1717 18.00 18.93 19985 21.10 2238 2384
19 532 607 683 759 836 915 988 1065 1150 1225 1298 13.64 1429 1502 1582 1659 17.32 1812 19.01 19.98 2106 2227 2364 2518
20 5588 687 717 797 879 962 1038 1120 1209 1289 1385 1435 1504 1580 1664 17.46 1823 19.08 2001 21.03 2217 23.45 2489 26.51

Tenths

00 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
01 003 003 003 004 004 005 005 005 006 006 007 007 007 008 008 009 009 010 010 011 011 012 013 013
02 005 006 007 008 008 009 010 041 042 043 043 014 045 046 047 047 048 049 020 021 022 024 025 027
03 008 009 010 011 013 014 015 046 048 019 020 021 022 024 025 026 027 029 030 032 033 035 038 040
04 010 012 0414 015 017 019 020 022 024 025 027 028 030 081 083 0835 036 038 040 042 044 047 050 053
0.5 0.13 015 017 0419 021 028 025 027 030 032 034 036 037 039 041 043 045 048 050 053 056 059 063 067
06 016 018 021 023 025 028 030 033 036 038 040 043 045 047 050 052 085 057 060 063 067 071 075 080
07 018 021 024 027 030 033 035 038 042 044 047 050 052 055 058 061 064 067 070 074 078 082 088 093
08 021 024 027 031 034 037 041 044 048 051 054 057 060 063 066 070 073 076 080 084 08 084 100 1.07
09 023 027 031 034 038 042 046 049 054 057 061 064 067 071 075 078 082 08 09 095 100 106 113 1.20

FIG. X3.2 Corrected Loss from Observed Loss and Barometric Pressure mm Hg

X4. PROCEDURE TO EMULATE THE EMERGENT STEM ERROR OF A

MERCURY-IN-GLASS THERMOMETER
X4.1 When an electronic or other sensor without an ASTM7C T, = T, — 0.000162x (T, — 20°C)? (X4.1)

emergent stem error is used, the output of this sensor or the

associated data system should emulate the output of a mercury-

in-glass thermometer. Based on information supplied by four X4.3 When a high range thermometer would have been
manufacturers of automated Test Method D 86 equipment, th@sed, no stem correction is to be applied below 35°C. Above
averaged equations shown in X4.2 and X4.3 have beethis temperature the correction is calculated using the follow-
reported to be in use. ing formula:

_X4.1.1 The equations shown_ln X4.2 have limited app_h_ca- ASTMEC T,,, = T, — 0.000131X (T, — 35C)? (X4.2)
bility and are shown for information purposes only. In addition
to the correction for the emergent stem, the electronic sensor
and associated data system will also have to emulate the lag iwhere:

response time observed for mercury-in-glass thermometers. Ter = emulated temperature in °C for low range thermom-
eters,
X4.2 When a Iow_ran_ge thermometer would have beenT = emulated temperature in °C for h|gh range ther-
used, no stem correction is to be applied below 20°C. Above mometers, and
this temperature, the correction is calculated using the follow-T, = true temperature in °C.

ing formula:
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SUMMARY OF CHANGES

Subcommittee D02.08 has identified the location of selected changes to this standard since the last issue
(D 86-00a) that may impact the use of this standard.

(1) Updated A4.8. Changed method of calculation of precision(4) In A2.9.2, allowed graduations below the 100 mL mark on
from the old two-step process into the new one-step processeceiving cylinders for automated equipment as long as they do
(2) Updated Appendix X2. Changed method of calculation ofnot interfere with the operation of the level follower.

precision from the old two-step process into the new one-steps) changed instructions in 10.19.1.1 to clarify how to remedy

process. _ _ large amounts of residue.
(3) Clarified that 12.7.1 is only applicable to the manual

method.

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).
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