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INTERNATIONAL

Standard Test Method for
Distillation of Petroleum Products at Atmospheric Pressure 1

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 standard has been approved for use by agencies of the Department of Defense.

1. Scope D 97 Test Method for Pour Point of Petroleum Prodécts
1.1 This test method covers the atmospheric distillation of D 323 Test Method for Vapor Pressure of Petroleum Prod-

petroleum products using a laboratory batch distillation unitto _UCts (Reid Method) o

determine quantitatively the boiling range characteristics of D 2892 Test Method for Distillation of Crude Petroleum

such products as natural gasolines, light and middle distillates, _(15-Theoretical Plate Columf))

automotive spark-ignition engine fuels, aviation gasolines, D 4057 Practice for Manual Sampling of Petroleum and

aviation turbine fuels, 1-D and 2-D regular and low sulfur ~_Petroleum Products _ _

diesel fuels, special petroleum spirits, naphthas, white spirits, D 4177 Practice for Automatic Sampling of Petroleum and

kerosenes, and Grades 1 and 2 burner fuels. Petroleum Products .
1.2 The test method is designed for the analysis of distillate D 4953 Test Method for Vapor Pressure of Gasoline and

fuels: it is not applicable to products containing appreciable _ Gasoline-Oxygenate Blends (Dry Methéd)

quantities of residual material. D 5190 Test Method for Vapor Pressure of Petroleum Prod-
1.3 This test method covers both manual and automated UCts (Automatic Method)
instruments. D 5191 Test Method for Vapor Pressure of Petroleum Prod-

ucts (Mini Method§
Note 1—Interlaboratory consensus test data have been obtained in the b 5482 Test Method for Vapor Pressure of Petroleum Prod-
last few years under the CS92 program. The statistical equivalency ucts (Mini Method-Atmospherié)

between the manual and the automated procedure is currently under study, .
based on data from this program obtained between 1994 and 1998. D 5949 Te_st Method for Pqur Point of Petroleum Products
(Automatic Pressure Pulsing Methéd)

1.4 Unless otherwise noted, the values stqted i.n Sl units are D 5950 Test Method for Pour Point of Petroleum Products
to be regarded as the standard. The values given in parentheses (Automatic Tilt Method

are provided for information only. D 5985 Test Method for Pour Point of Petroleum Products
1.5 This standard does not purport to address all of the (Rotational Method)
safety concerns, if any, associated with its use. It is the E

1 Specification for ASTM Thermometérs
responsibility of the user of this standard to establish appro- pecifical

E 77 Test Method for Inspection and Verification of Ther-

priate safety and health practices and determine the applica- mometers
bility of regulatory limitations prior to use. E 1272 Specification for Laboratory Glass Graduated Cyl-
2. Referenced Documents inders

2.1 All standards are subject to revision, and parties to EFllgg%Spemflcanon for Laboratory Glass Distillation

agreement on this test method are to apply the most recent2 3 IP Standards*
edition of the standards indicated below, unless otherwise |5 o petermination of Vapour Pressure—Reid Method

specified, S.UCh as ‘T‘ contractual agreemenps or rggulatory ruleslp 123 Petroleum Products—Determination of Distillation
where earlier versions of the method(s) identified may be Characteristics

required. o .
2 2 ASTM Standards: IP 394 Determination of Air Saturated Vapour Pressure

1 This test method is under the jurisdiction of ASTM Committee D02 on 2 Annual Book of ASTM Standardgol 05.01.
Petroleum Products and Lubricants and is the direct responsibility of Subcommittee * Annual Book of ASTM Standardgol 05.02.
D02.08 on Volatility. 4 Annual Book of ASTM Standardgol 05.03.
In the IP, the equivalent test method is published under the designation IP 123. ®Annual Book of ASTM Standardéol 14.03.
It is under the jurisdiction of the Standardization Committee. ¢ Annual Book of ASTM Standardgol 14.04.
Current edition approved Dec. 10, 2002. Published March 2003. Originally 7 Available from the Institute of Petroleum, 61 New Cavendish St., London,
approved in 1921. Last previous edition approved in 2001 as D 86-01. W1M 8AR, UK.
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IP Standard Methods for Analysis and Testing of Petroleuna lower temperature than the immersed portion, resulting in a

and Related Products 1996—Appendix A shrinkage of the mercury thread and a lower temperature
reading.
3. Terminology 3.1.6 end point (EP) or final boiling point (FBP)r—the
3.1 Definitions: maximum corrected thermometer reading obtained during the

3.1.1 charge volumgn—the volume of the specimen, 100 test.
mL, charged to the distillation flask at the temperature speci- 3.1.6.1 Discussior—This usually occurs after the evapora-
fied in Table 1. . tion of all liquid from the bottom of the flask. The term
3.1.2 decomposition, #-of a hydrocarbonthe pyrolysis or  maximum temperature is a frequently used synonym.
cracking of a molecule yielding smaller molecules with lower 3.1.7 front end loss n—loss due to evaporation during

boiling points than the original molecule. transfer from receiving cylinder to distillation flask, vapor loss

361_.2.1tgetcom_po_s(;t|on p'(t)%n'[t’r;ﬁ t?.e f{:qrrg_ctet(_j therr?otrk:leter Iduring the distillation, and uncondensed vapor in the flask at
reading that coincides wi e first indications of thermal,, "~ o the distillation.

decomposition of the liquid in the flask. L . .
(1) Discussior-Characteristic indications of thermal de- _S-1.8 initial boiling point (IBP), n—the corrected thermom-

composition are evolution of fumes and erratic temperatur&!€" reading that is observed at the instant the first drop of

readings that usually decrease after any attempt is made gyndensate falls from the lower end of the condenser tube.
adjust the heat. 3.1.9 percent evaporatedi—the sum of the percent recov-

. ) . _._ered and the percent loss.
Note 2—The decomposition point, as determined under the conditions

of this test method, does not necessarily correspond to the decomposition 3-1.10 percent loss (or observed loss)—wne hundred
temperature in other applications. minus the percent total recovery.

3.1.3 dry point n—the corrected thermometer reading that 3.1.10.1corrected loss, A-percent loss corrected for baro-
is observed at the instant the last drop of liquid (exclusive ofnetric pressure.
any drops or film of liquid on the side of the flask or on the 3.1.11 percent recoveredn—the volume of condensate
temperature sensor), evaporates from the lowest point in thebserved in the receiving cylinder, expressed as a percentage of
distillation flask. the charge volume, associated with a simultaneous temperature
3.1.3.1 Discussior—The end point (final boiling point), reading.
rather than the dry pOint, is intended for general use. The dry 3.1.12 percent recovery, Athe maximum percent recov-
point can be reported in connection with special purposered, as observed in accordance with 10.14.
naphthas, such as those used in the paint industry. Also, it is 3.1.12.1corrected percent recovery—athe percent recov-

substituted for the end point (final boiling point) whenever theery, adjusted for the difference between the observed loss and
sample is of such a nature that the precision of the end poirﬂ1e corrected loss, as described in Eq 8.

final boiling point) cannot consistently meet the requirements .
( g point) y g 3.1.12.2 percent total recovery, Athe combined percent

given in the precision section. Y y ! )
3.1.4 dynamic holdupn—the amount of material present in "€COVery and residue in the flask, as determined in accordance
Qith 11.1.

the neck of the flask, in the sidearm of the flask, and in th . _ _
condenser tube during the distillation. 3.1.13 percent residuen—the volume of residue in the

3.1.5 emergent stem effech—the offset in temperature flask, measured in accordance with 10.19, and expressed as a
reading caused by the use of total immersion Hg-in-glasercentage of the charge volume.
thermometers in the partial immersion mode. 3.1.14 rate of change (or slopej—the change in tempera-
3.1.5.1 Discussior—In the partial immersion mode, a por- ture reading per percent evaporated or recovered, as described
tion of the mercury thread, that is, the emergent portion, is ain 13.2.

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.
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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 describedfar 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,the 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 reading:+the temperature deposits.
reading, as described in 3.1.17, corrected for barometric 5.4 \olatility, 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 resultthe  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
6.1 Basic Components of the Apparatus
4. Summary of Test Method 6.1.1 The basig components ofpt%e distillation unit are the
4.1 Based on its composition, vapor pressure, expected IBfistillation flask, the condenser and associated cooling bath, a
or expected EP, or combination thereof, the sample is placed imetal shield or enclosure for the distillation flask, the heat
one of five groups. Apparatus arrangement, condenser tempefgurce, the flask support, the temperature measuring device,
ture, and other operational variables are defined by the group ind the receiving cylinder to collect the distillate.

which the sample falls. 6.1.2 Figs. 1 and 2 and are examples of manual distillation

4.2 A 100-mL specimen of the sample is distilled underynits.
prescribed conditions for the group in which the sample falls. 6.1.3 In addition to the basic components described in 6.1.1,
The distillation is performed in a Iaboratory batch distillation automated units also are equipped with a system to measure
unit at ambient pressure under conditions that are designed thd automatically record the temperature and the associated
provide approximately one theoretical plate fractionation. Sysrecovered volume in the receiving cylinder.
tematic observations of temperature readings and volumes of 6.2 A detailed description of the apparatus is given in Annex
condensate are made, depending on the needs of the user of {kg,
data. The volume of the residue and the losses are also
recorded.

4.3 At the conclusion of the distillation, the observed vapor
temperatures can be corrected for barometric pressure and the
data are examined for conformance to procedural require
ments, such as distillation rates. The test is repeated if any Distilling
specified condition has not been met. Flask

4.4 Test results are commonly expressed as percent evago-
rated or percent recovered versus corresponding temperatufe, Heat

either in a table or graphically, as a plot of the distillation Reg(i)s;?é\st
curve.

Thermometer

5. Significance and Use Shield

5.1 The basic test method of determining the boiling rangé¢
of a petroleum product by performing a simple batch distilla-] Burner-{1
tion has been in use as long as the petroleum industry has
existed. It is one of the oldest test methods under the jurisdid-
tion of ASTM Committee D02, dating from the time when it '
was still referred to as the Engler distillation. Since the tes Z>$<
method has been in use for such an extended period, |a Air Vents
tremendous number of historical data bases exist for estimatirlg
end-use sensitivity on products and processes.

5.2 The distillation (volatility) characteristics of hydrocar-
bons have an important effect on their safety and performanceg,
especially in the case of fuels and solvents. The boiling rangk
gives information on the composition, the properties, and the FIG. 1 Apparatus Assembly Using Gas Burner

=
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e
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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

6.3 Temperature Measuring Device They shall conform to Specification E1 or IP Standard
6.3.1 Mercury-in-glass thermometers, if used, shall be filledMethods for Analysis and Testing of Petroleum and Related
with an inert gas, graduated on the stem and enamel backedroducts 1996, Appendix A, or both, for thermometers ASTM
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7C/IP 5C and ASTM 7F for the low range thermometers, and Drilled out to fit
ASTM 8C/IP 6C and ASTM 8F for the high range thermom- Pt 100 Probe '
eters. :

6.3.1.1 Thermometers that have been exposed for an ex-

tended period above an observed temperature of 370°C Sh&ﬁiompressi?;ngE;\ S
not be reused without a verification of the ice point or checked §
as prescribed in Specification E 1 and Test Method E 77. X

Note 3—At an observed thermometer reading of 370°C, the tempera-
ture of the bulb is approaching a critical range in the glass and the
thermometer may lose its calibration.

6.3.2 Temperature measurement systems other than those
described in 6.3.1 are satisfactory for this test method, pro- df -
vided that they exhibit the same temperature lag, emergentc‘:me'sm’lpe or

! . rin —
stem effect, and accuracy as the equivalent mercury-m-glasg erfect iﬁegzte?:k o% \

thermometer. o . distillation flask
6.3.2.1 The electronic circuitry or the algorithms, or both,

used shall include the capability to simulate the temperature lag
of a mercury-in-glass thermometer.

6.3.2.2 Alternatively, the sensor can also be placed in a Single O-ring_~
casing with the tip of the sensor covered so that the assembly, Viton or ¥
because of its adjusted thermal mass and conductivity, has perfluoro elastomer
temperature lag time similar to that of a mercury-in-glass '

Compression
without O-ring

thermometer. FIG. 4 Example of Centering Device Designs for Straight-Bore
Neck Flasks
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 3 =
seconds. ﬁP i i I i

6.3.3 In case of dispute, the referee test method shall be
carried out with the specified mercury-in-glass thermometer.

6.4 Temperature Sensor Centering Device

6.4.1 The temperature sensor shall be mounted through a \ \ K
snug-fitting device designed for mechanically centering the.{ ||} —= - AL _\
sensor in the neck of the flask without vapor leakage. Examples ff\ N f{‘\
of acceptable centering devices are shown in Figs. 3 and 4.

(Warning—The use of a plain stopper with a hole drilled
through the center is not acceptable for the purpose described

in 6.4.1.)
NS S NS,
Note 5—Other centering devices are also acceptable, as long as they . o =’
position and hold the temperature sensing device in the proper position in FIG. 5 Position of Thermometer in Distillation Flask
the neck of the distillation column, as shown in Fig. 5 and described in
10.5.

Note 6—When running the test by the manual method, products witha low IBP may have one or more readings obscured by the centering
device. See also 10.14.4.1.

6.5 Automated equipment manufactured in 1999 and later

f?- Knurled knob shall be equipped with a device to automatically shut down
X 5 power to the unit and to spray an inert gas or vapor in the
@ Cone 1:10 chamber where the distillation flask is mounted in the event of
2 Male NS 19/26 fire.
o —
g"‘-ol m§ Note 7—Some causes of fires are breakage of the distillation flask,
E ] _X — L. . __gjg;] electr_ical shorts, and foaming and spilling of liquid sample through the top
33 A s \ opening of the flask.
1 ‘% 6.6 Barometer—A pressure measuring device capable of
2% 1 \oring 6x 1.8 measuring local station pressure with an accuracy of 0.1 kPa (1
10 % Di . mm Hg) or better, at the same elevation relative to sea level as
43 imensions in mm the apparatus in the laboratoryWérning—Do not take
FIG. 3 PTFE Centering Device for Ground Glass Joint readings from ordinary aneroid barometers, such as those used
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at weather stations and airports, since these are precorrected tdlote 8—If there are no, or inadequate, facilities for storage below

give sea level readings.) 10°C, the sample may also be stored at a temperature below 20°C,
provided the operator ensures that the sample container is tightly closed
7. Sampling, Storage, and Sample Conditioning and leak-free.

7.1 Determine the Group characteristics that correspond to 7.3.4 Group 2—Store the sample at a temperature below
the sample to be tested (see Table 2). Where the procedureli°C.

dependent upon the group, the section headings will be SO\ o ¢ tore are no, or inadequate, facilities for storage below

marked. _ 10°C, the sample may also be stored at a temperature below 20°C,
7.2 Sampling provided the operator ensures that the sample container is tightly closed
7.2.1 Sampling shall be done in accordance with Practicand leak-free.

D 4057 or D 4177 and as described in Table 3. 7.3.5 Groups 3 and 4-Store the sample at ambient or lower

7.2.1.1 Group 6—Condition the sample container to below (emperature.
5°C, preferably by filling the bottle with the cold liquid sample 7 4 Sample Conditioning Prior to Analysis
and discarding the first sample. If this is not possible because, 7 4 1 Samples shall be conditioned to the temperature
for instance, the product to be sampled is at ambient temperanown in Table 3 before opening the sample container.
ture, the sample shall be drawn into a bottle, prechilled to 7 411 Group 0—Samples shall be conditioned to a tem-
below 5°C, in such a manner that agitation is kept at gyerature of less than 5°C (40°F) before opening the sample
minimum. Close the bottle immediately with a tight-fitting ~gntainer.
closure and place the sample in an ice bath or refrigerator. 7 41 2 Groups 1 and 2-Samples shall be conditioned to a

7.2.1.2 Group —Collect the sample as desc_ribed in 7-2-1-1temperature of less than 10°C (50°F) before opening the
at a temperature below 10°C. If this is not possible because, f%rample container.

instance, the product to be sampled is at ambient temperature,7 4 1 3 Groups 3 and 4-If the sample is not fluid at

the sample shall be drawn into a bottle prechilled to below,mpient temperature, it is to be heated to a temperature of 9 to

10°C, in such a manner that agitation is kept at @ minimumysoc gpove its pour point (Test Method D 97, D 5949, or

Close.the bottle immediately with a tight-fitting closure. D 5985) prior to analysis. If the sample has partially or

(Warning—Do not completely fill and tightly seal a cold bottle completely solidified during storage, it shall be vigorously

of sample because of the likelihood of breakage on warming 4naken after melting prior to opening the sample container to
7.2.1.3 Groups 2, 3, and 4-Collect the sample at ambient on5re homogeneity.

temperature. After sampling, close the sample bottle immedi- 7 4 1 4 |f the sample is not fluid at room temperature, the

ately with a tight-fitting closure. , temperature ranges shown in Table 3 for the flask and for the
7.2.1.4 If the sample received by the testing laboratory ha§amp|e do not apply.

been sampled by others and it is not known whether sampling 7 5 \wet Samples
has been performed as described in 7.2, the sample shall be7 5 1 samples of materials that visibly contain water are not
assumed to have been so sampled. suitable for testing. If the sample is not dry, obtain another

7.3 Sample Storage : _ _ sample that is free from suspended water.
7.3.1 If testing is not to start immediately after collection, 75 o Groups 0, 1, and 21f such a sample cannot be

store the samples as indicated in 7.3.2, 7.3.3, 7.3.4, and Tabl@ytained, the suspended water can be removed by maintaining
3. All samples shall be stored away from direct sunlight ory,e sample at 0 to 10°C, adding approximately 10 g of

sources of direct heat. _ _ anhydrous sodium sulfate per 100 mL of sample, shaking the
7.3.2 Group 0—Samples shall be stored in a refrigerator ixture for approximately 2 min, and then allowing the
below a temperature of 5°C. mixture to settle for approximately 15 min. Once the sample
70-3-3 Group I—Store the sample at a temperature belowghows no visible signs of water, use a decanted portion of the
10°C. sample, maintained between 1 and 10°C, for the analysis. Note
in the report that the sample has been dried by the addition of

TABLE 2 Group Characteristics
Group 0 Groupl Group2 Group3 Group 4

a desiccant.

Note 10—Suspended water in hazy samples in Groups 1 and 2 can be

Sample . | h
Char;’cterisﬁcs removed by the addition of anhydrous sodium sulfate and separating the
Distillate type natural liquid sample from the drying agent by decanting without statistically
gasoline affecting the results of the te%t.
Vapor pressure at . .
37.8°C, kPa =655 <655 <655 <655 7.5.3 Groups 3 and 4-In cases in which a water-free
100°F, psi =95 <9.5 <9.5 <9.5 sample is not practical, the suspended water can be removed by
(est Methoce shaking the sample with anhydrous sodium sulfate or other
D5190, D 5191, suitable drying agent and separating it from the drying agent by
ﬁﬁg‘% IP 69 or decanting. Note in the report that the sample has been dried by
Distillation, IBP °C =100  >100 the addition of a desiccant.
oF =212 >212
EP °C =250 =250 >250 >250 I EEE—
°F =482 =482 >482 >482 8 Supporting data have been filed at ASTM International Headquarters and may

be obtained by requesting Research Report RR: D02-1455.
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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.

TABLE 4 True and D 86 Boiling Points of Toluene

8. Preparation of Apparatus Thermometer ASTM 7C, 7F 8C, 8F
i P 5C 6C
8.1 Refer.to Taple. 1 "?md prepare the apparatus by C.hOOSIngCompound true boiling D 86 boiling bias D 86 boiling bias
the appropriate distillation flask, temperature measuring de- point point point
vice, and flask support board, as directed for the indicated °C °C °C

group. Bring the temperature of the receiving cylinder, the__Toluene 110.6 109.3 13 1099 07

flask, and the condenser bath to the indicated temperature.

8.2 Make any necessary provisions so that the temperature
of the condenser bath and the receiving cylinder will betemperature measurement system shall be considered defective
maintained at the required temperatures. The receiving cylinand shall not be used for the test.
der shall be in a bath such that either the liquid level is at least ) o _ o
as high as the 100-mL mark or the entire receiving cylinder is Note 11—Toluene is used as a verification fluid for bias; it will yield

L . almost no information on how well an electronic measurement system

surrounded by an air circulation Cha,mber‘ . simulates the temperature lag of a mercury-in-glass thermometer.

8.2.1 Groups 0, 1, 2, and 3-Suitable media for low . o
temperature baths include, but are not limited to, chopped ice 9-1-2-2 Reagent grade toluene, conforming to the specifica-

and water, refrigerated brine, and refrigerated ethylene glycof'ns of the Committee on Analytical Reagents of the American
8.2.2 Group 4—Suitable media for ambient and higher bath Chemical Society,shall be used for this test. However, other

temperatures include, but are not limited to, cold water hoPrades may also be used, provided it is first ascertained that the
water. and heated etﬁylene glycol. ’ " reagent is of sufficient purity to permit its use without lessening

8.3 Remove any residual liquid in the condenser tube byl® accuracy of the determination.
swabbing with a piece of soft, lint-free cloth attached to a cord Nore 12—At 101.3 kPa, toluene is shown in reference manuals as

or wire. boiling at 110.6°C when measured using a partial immersion thermometer.
Because this test method uses thermometers calibrated for total immer-
9. Calibration and Standardization sion, the results will be lower and, depending on the thermometer and the

situation, may be different for each thermometer. The estimated figures are
9.1 Temperature Measurement Systeffemperature mea- 109.3°C (228.7°F) when using the low range thermometer and 109.9°C
surement systems using other than the specified mercury-in229.8°F) when using the high range thermometer.

glass thermometers shall exhibit the same temperature 1ag,g 1 3 p procedure to determine the magnitude of the tem-
emergent stem effect, and accuracy as the equivalent mercuryz o+ re lag is described in Annex A3.

in-glass thermometer. Confirmation of the calibration of these g 4 4 A procedure to emulate the emergent stem effect is
temperature measuring systems shall be made at intervals gfscribed in Appendix X4.

not more than six months, and after the system has beeng 1 5 1q verify the ability of the temperature measurement

replaced or repaired. L . system to emulate mercury-in-glass thermometer at elevated
(9.1.1 The accuracy and the calibration of the electroniGeneratures, use cetane (n-hexadecane). The temperature

circuitry or computer algorithms, or both, shall be verified by oo« rement system shall indicate at, 50% distilled, a tem-

the use of a standard precision resistance bench. When peys i re of 2753+ 1.0°C under Group,3 distillation c,ondi-

forming this verification, no algorithms shall be used to correct;, o and 278.6- 1.0°C under Group 4 distillation conditions.

the temperature for lag and the emergent stem effect (see

manufacturer’s instructions). Note 13—Because of the high melting point of n-hexadecane, Group 3
9.1.2 The magnitude of the bias shall be verified by distill-

ing pure toluene in accordance with this test method and—__

comparing the 50 % recovered temperature with that shown by °Rreagent Chemicals, American Chemical Society Specificatiomerican

the above mentioned mercury-in-glass thermometers wheghemical Society, Washington, DC. For suggestions on the testing of reagents not

P i listed by the American Chemical Society, sAealar Standards for Laboratory
carrying out a manual test under the same conditions. Chemicals BDH Ltd., Poole, Dorset, U.K., and thénited States Pharmacopeia

9.1.2.1 If the temperature reading differs more than O-ZOCand National FormularyU.S. Pharmacopeial Convention, Inc. (USPC), Rockville,
from the expected temperature (see Note 12 and Table 4), thep.
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verification distillations will have to be carried out with condenser 10.5 Fit the temperature sensor through a snug-fitting de-
temperatures >20°C. vice, as described in 6.4, to mechanically center the sensor in
9.2 Automated Methad the neck of the flask. In the case of a thermometer, the bulb is
9.2.1 Level Follower—For an automated distillation appa- centered in the neck and the lower end of the capillary is level
ratus, the level follower/recording mechanism of the apparatuwith the highest point on the bottom of the inner wall of the
shall have a resolution of 0.1 mL or better with a maximumvapor tube (see Fig. 5). In the case of a thermocouple or
error of 0.3 mL between the 5 and 100 mL points. Theresistance thermometer, follow the manufacturer’s instructions
calibration of the assembly shall be verified in accordance wittas to placement.
manufacturer’s instructions at intervals of not more than _three Note 17—If vacuum grease is used on the mating surface of the
months and after the system has been replaced or repaired.centering device, use the minimum amount of grease that is practical.

Note 14—The typical calibration procedure involves verifying the  10.6 Fit the flask vapor tube, provided with a snug-fitting
output with the receiver containing 5 and 100 mL of material respectivelycqrk or rubber stopper of silicone, or equivalent polymeric

9.2.2 Barometric Pressure-At intervals of not more than material, tightly into the condenser tube. Adjust the flask in a
six months, and after the system has been replaced or repaireartical position so that the vapor tube extends into the
the barometric reading of the instrument shall be verifiedcondenser tube for a distance from 25 to 50 mm. Raise and

against a barometer, as described in 6.6. adjust the flask support board to fit it snugly against the bottom
of the flask.
10. Procedure 10.7 Place the receiving cylinder that was used to measure
10.1 Record the prevailing barometric pressure. the specimen, without drying the inside of the cylinder, into its

10.2 Groups 0, 1, and 2Fit a low range thermometer temperature-controlled bath under the lower end of the con-
provided with a snug-fitting cork or stopper of silicone rubber,denser tube. The end of the condenser tube shall be centered in

or equivalent polymeric material, tightly into the neck of the the receiving cylinder and shall extend therein for a distance of

sample container and bring the temperature of the sample to tif8 [€ast 25 mm, but not below the 100-mL mark.
temperature indicated in Table 1. 10.8 Initial Boiling Point _

10.3 Groups 0, 1, 2, 3, and-4Check that the temperature _1_0.8.1 Manual Methoe_l—_To red_uce evaporation loss of the
of the sample is as shown in Table 1. Pour the specimeH'St'"ate* cover the receiving cylinder with a piece of blotting
precisely to the 100-mL mark of the receiving cylinder, andPaPer, or similar materl_al, that has be(_en cutto fit the condenser
transfer the contents of the receiving cylinder as completely a&/P€ snugly. If a receiver deflector is being used, start the

practical into the distillation flask, ensuring that none of thedistillation with the tip of the deflector just touching the wall of
liquid flows into the vapor tube. the receiving cylinder. If a receiver deflector is not used, keep

the drip tip of the condenser away from the wall of the
Nore 15—Itis important that the difference between the temperature ofeceijving cylinder. Note the start time. Observe and record the
the specimen and the temperature of the bath around the receiving cylindﬁgp to the nearest 0.5°C (1.0°F). If a receiver deflector is not
idsﬁas Sma"fas practically, passible. A difference, of 5°C can rmake abeing used, immediately move the receiving cylinder so that
ifference of 0.7 mL. > ! 100
the tip of the condenser touches its inner wall.

10.3.1 Groups 3 and 4-If the sample is not fluid atambient 1 g 2 Automated Methoe-To reduce evaporation loss of
temperature, it is to be heated to a temperature between 9 aggkh, distillate, use the device provided by the instrument

21°C above its pour point (Test Method D 97, D 5949, D 5950,anyfacturer for this purpose. Apply heat to the distillation

or D 5985) prior to analysis. If the sample has partially orfjask and contents with the tip of the receiver deflector just

completely solidified in the intervening period, it shall be touching 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
110.3.1.1 If the sample is not fluid at ambient temperaturesyg first application of heat and the IBP is as specified in Table

disregard the temperature range shown in Table 1 for thg

receiving cylinder and sample. Prior to analysis, heat the 1019 Regulate the heating so that the time from IBP to 5 or

receiving cylinder to approximately the same temperature agg o4 recovered is as indicated in Table 5.

the sample. Pour the heated specimen precisely to the 100-mL 10 11 Continue to regulate the heating so that the uniform

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

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

tion flask, ensuring that none of the liquid flows into the vaporie 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-in 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 irreguldaossible throughout the test.)

boiling b.EhaVior’ that iS.,. bumping, add. a few 'boilling chips 0 Nore 18— When testing gasoline samples, it is not uncommon to see
the specimen. The addition of a few boiling chips is acceptabléne 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
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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 kerosene, 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 sometimeﬁalved’ 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 ga prescrlbedl Regognt 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 SAQigg\ipcord 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 i.n sloped) O.f the data points described in 10'14'2 in
distillation, observe and record data necessary for the calcul hat tpar?kc‘;ularl %rea IS glreallt?réhsng .61(cgange of slBpes(
tion and reporting of the results of the test as required by thgreater than L. ) 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 = CYIV, = V) = (G5 = CI(V3 = V)

ture readings at prescribed percentages recovered or percent- @
ages recovered at prescribed temperature readings, or both.

10.14.1 Manual Method—Record all volumes in the gradu- Change of SlopéF) =
ated cylinder to the nearest 0.5 mL, and all temperature (Fo = FI(Vo = V) = (F3 = Fl(V3 — Vs) o

readings to the nearest 0.5°C (1.0°F).
10.14.2 Automated Method-Record all volumes in the \here:
receiving cylinder to the nearest 0.1 mL, and all temperatureC, = temperature at the volume % recorded one reading

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 chgngeng) 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.
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