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This standard is issued under the fixed designation D 850; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

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

1. Scope * Determine the Precision of a Test Metfiod

1.1 This test method covers the distillation of industrial 2.2 Other Document:
aromatic hydrocarbons and related materials of relatively OSHA Regulations, 29 CFR, paragraphs 1910.1000 and
narrow boiling ranges from 30 to 250°C. 1910.1208

1.2 The values stated in Sl units are to be regarded as tr}gz

) ) . . 3. Terminolo
standard. The values given in parentheses are for information o 'gy
only. 3.1 Definitions:

1.3 The following applies to all specified limits in this test . 3-1-1 See Terminolgy D 4790 for definitions of terms used
method: for the purposes of determining conformance to thid" this test method.
test method, an observed or calculated value shall be rounded Summary of Test Method
off “to the nearest unit” in the last right-hand digit used in

expressing the specification limit, in accordance with the 41 The distillation of a 100-mL sample of industrial aro-
rounding-off method of Practice E 29. matic hydrocarbons and related materials is carried out via a

1.4 This standard does not purport to address all of thecarefully controlled distillation wherein temperature readings

safety concerns, if any, associated with its use. It is thére noted.f_or the first drop of distillate and when 5, 10, and
responsibility of the user of this standard to establish appro-£2ch additional 10 up to 90, and 95 9% of the sample has
priate safety and health practices and determine the applica_g'St'"ed over. The temperature corresponding to the dry point
bility of regulatory limitations prior to useFor specific hazard 'S @S0 noted.

statements, see 6.6 and Section 7. 5. Significance and Use

2. Referenced Documents 5.1 This test method is suitable for setting specifications, for
21 ASTM Standards: use as an internal quality control tool, and for use in develop-
D 1078 Test Method for Distilation Range of Volatile ment or research work on industrial aromatic hydrocarbons and

Organic Liquid$ related materials.

D 3437 Practice for Sampling and Handling Liquid Cyclic -2 This test method gives a broad indication of general
Producté purity and can also indicate presence of excessive moisture. It

D 4790 Terminology of Aromatic Hydrocarbons and Re- Will not differentiate between products of similar boiling range.
lated Chemicafs

E 1 Specification for ASTM Thermometérs

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specificatiéns

E 133 Specification for Distillation Equipmént

6. Apparatus

6.1 Distillation Flask—A standard 200-mL side-tube, heat-
resistant glass distillation flask as shown in Fig. 1, conforming
to the following dimensions:

E 220 Test Method for Calibration of Thermocouples by Diameter of bulb, outside, mm 76=15
. . Diameter of neck, inside, mm 21 =1
Companson TeChqu%S Height of flask, outside, mm 179 £ 3
E 691 Practice for Conducting an Interlaboratory Study tovertical distance from bottom of bulb outside to 120 + 3
bottom of vapor-tube opening in neck, mm
Length of side tube, mm 100 = 3
-+
1Thi_s test method is under the jurisdiqtion of A_STM Cpmmittee D16 on 2:1216?;5?;;It(:,ek);u\?\,iho\;g?ii; ?XT; of bulb and 7; ; g.5
Aromatic Hydrocarbons and Related Chemicals and is the direct responsibility of neck, °
Subcommittee D16.0E on Instrumental Analysis.
Current edition approved June. 10, 1999. Published August 1999. Originally
published as D 850 — 45. Last previous edition D 850 — 99.
2 Annual Book of ASTM Standardgol 06.04. —
2 Annual Book of ASTM Standardggl 14.03. 5 Available from Superintendent of Documents, U.S. Government Printing

4 Annual Book of ASTM Standardggl 14.02. Office, Washington, DC 20402.

*A Summary of Changes section appears at the end of this standard.
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< 21% Imm. I.D. sensor in the neck of the flask. The use of a cork or silicone

j—‘*—lr stopper with a hole drilled through the center is not acceptable
for this purpose. Examples of acceptable centering devices are
shown in Fig. 2.

6.2.2.2 The electronic circuitry or algorithms, or both, used
shall include the capability to simulate the temperature lag of
a mercury-in-glass thermometer.

6.2.2.3 Alternatively, the sensor can also be placed in a
casing with the tip of the sensor covered, so that the assembly,
because of its adjusted thermal mass and conductivity, has a
temperature lag similar to that of a mercury-in-glass thermom-
eter.

179% 3 mm. outside

Note 1—In a region where the temperature is changing rapidly during
the distillation, the temperature lag of a thermometer can be as much as 3
s.

‘ 6.3 Condenser and Cooling Bath
FIG. 1 Distillation Flask 6.3.1 Manual Distillation Condenser and Cooling Bath
6.3.1.1 The manual distillation condenser and cooling bath
The flask does not comply with Flask C of Specificationshall be as specified in Section 5, and Fig. 1 of Specification
E 133. E 133.
6.2 Temperature Measurement Devices 6.3.1.2 As an alternative, the condenser tube may consist of
6.2.1 Manual Distillation Thermometer The ASTM Sol-  a straight glass tube 600 to 610 mm in length and 12 mm in
vents Distillation Thermometer used in the test shall be a#side diameter, of standard wall thickness (about 1.25 mm)
prescribed in the specifications for the material being tested. Mvith the exit end cut off square and ground flat. It shall be set
no thermometer is specified in the material specification, seledd a cooling trough so that at least 380 mm of the tube is in
one from Table 1 with the smallest graduations that will covercontact with the water. Clearance between the condenser tube
the entire distillation range of the material being tested. Tabl@nd any parallel side of the trough shall be not less than 19 mm.
1 lists several ASTM solvents distillation thermometers whichThe water in the cooling trough shall be maintained at 10 to
are suitable for testing industrial aromatic hydrocarbons, an@0°C. This may be done by adding ice to the water or by
which meet the requirements of Specification E 1. circulating chilled water through the trough. The trough shall
6.2.2 Automatic Distillation Temperature Senser be so mounted that the condenser tube is set at an angle of 75°
Temperature measurement systems using thermocouples With the vertical.
resistance thermometers, otherwise referred to as the “tempera-6.3.2 Automatic Distillation and Cooling BatkThe auto-
ture measuring devices,” must exhibit the same temperature lagatic distillation and cooling bath shall be as specified in
and accuracy as the equivalent mercury glass thermometesection 5, Fig. 2 of Specification E 133.
Confirmation of the calibration of these temperature sensors is 6.4 Distillation Receiver
to be done at regular intervals. This may be accomplished as 6.4.1 Manual Distillation Receiver-A graduate of the cy-
prescribed in Test Method E 220, or some similar means usintindrical type, of uniform diameter, with a pressed or molded
a precision resistance decade box. Another technique is tfoase and a lipped top. The cylinder shall be marked to contain
distill pure toluene and compare the temperature indicated b$00 mL, and the 0 to 100 mL receiver portion shall be not less
the thermocouple or resistance thermometer with that showthan 178 nor more than 203 mm in length. It shall be graduated
by the thermometer. in single millilitres and each fifth mark shall be distinguished
6.2.2.1 Automatic Distillation Temperature Sensor Center- by a longer line. It shall be numbered from the bottom up at
ing Device—The temperature sensor shall be mounted througimtervals of 10 mL. The overall height of the receiver shall not
a snug-fitting device designed to mechanically center thde less than 248 nor more than 260 mm. The graduations shall
not be in error by more than 1 mL at any point on the scale. The

TABLE 1 ASTM Thermometers for Distillation Test of Industrial bottom 1-mL graduation may be omitted. The receiver com-

Aromatic Hydrocarbons plies with Section 9, Graduate B Fig. 4, of Specification E 133.
ASTM 6.4.2 Automatic Distillation ReceiverA receiver to be
Ther- Name Range, °.c  Subdivision, used with measurements in accordance with the instrument
moTeter c manufacturer and conform to the physical specifications de-
— scribed in this section, with the exception of the graduations.
39C solvents distillation 48 to 102 0.2 . .. .
200 solvents distillation 72 t0 126 02 6.4.2.1 Automatic Distillation Level FollowerFor auto-
41C solvents distillation 98 to 152 0.2 matic apparatus, the level follower or recording mechanism of
42¢ solvents distillation 9510 255 0.5 the apparatus will have a resolution of 0.1 mL with an accuracy
102C solvents distillation 123 to 177 0.2 . .
103C solvents distillation 148 to 202 0.2 of = 1 mL. The calibration of the assembly should be
104C solvents distillation 173 to 227 0.2 confirmed according to the manufacturer’s instructions at
105¢ solvents distillation 198 t0 252 0.2 regular intervals. The typical calibration procedure involves




iy D 850

Drilled out to fit
Pt 100 Probe

Compression Nut e

(PTFE) B8

Cone-shaped for ~ :_
perfect centering E—

in neck of

\ Compression
distillation flask

without O-ring

FIG. 2 Examples of Centering Device Designs for Straight-Bore Neck Flasks

Single O-ring _~
Vinton or
perfluoro elastomer

verifying the output with the receiver containing 5 and 100 mLnated by care in pouring the 100-mL specimen (10.1) into the
of material respectively. graduated cylinder. If necessary, any separated water or cloudi-
6.5 Support for Flask—A sheet of 3 to 6-mm hard insulation ness may be removed by filtration, in which case the following
board 152 mm square with a circular hole in the centerprecautions shall be taken: Use a soft paper through which the
supported on a circular metal shield enclosing the bunsespecimen filters rapidly, avoid drafts, cover the funnel with a
burner, and approximately 50 mm higher than the top of thevatch glass, and filter at least 200 mL from which to take the
burner. For tests of benzene and toluene, the hole shall be 200 mL for distillation. Dehydration (that is, removal of
mm in diameter; for tests of materials boiling above toluene butlissolved water) is not permissible. Note, however, that certain
mostly below 145°C, the hole shall be 38 mm in diameter, andnaterials, especially benzene, may absorb traces of water that
for higher boiling materials, it shall be 50 mm in diameter. can be significant with respect to this test. When it can be
6.6 Heater shown that failure to pass this distillation test is due to the
6.6.1 Manual Distillation Heater—An electric heater or a presence of dissolved water, it shall be permissible, if mutually
bunsen burner, fully adjustable and capable of giving sufficienagreeable to the purchaser and the seller, to dry the specimen
heat to distill the product at the required rate. When a bunsehy any method agreed to by both the purchaser and the seller.
burner is used, as described in 7.1 and Fig. 1 of Specification
E 133, the burner shall be adjusted so as to produce an entirefy ASSembly of Apparatus
blue flame. 9.1 Manual Distillation Apparatus
Note 2—Caution: Superheating of the flask can cause erroneous 9'1']-' Remove a_ny resid_ual liquid in the condenser tube by
results and is more likely to occur with electric heaters than with bunser?"_vabblng with a piece of lint-free cloth attached to a cord or

burners as heat sources. This problem is discussed in the section yyre

Preparation of Apparatus in Test Method D 1078. 9.1.2 Assemble the apparatus as shown in Fig. 2. Mount the
flask on the insulation board of appropriate dimensions, with
7. Hazards the side tube extending through a tightly fitting silicone or cork

7.1 Consult current OSHA regulations’ and supplier’'s Ma-stopper about 50 mm into the condenser tube.
terial Safety Data Sheets, and local regulations, for all materi- 9.1.3 Support the distillation thermometer in the neck of the

als used in this test method. flask by means of a cork or silicone stopper with the thermom-
) eter vertical and centered in the neck of the flask and in such
8. Sampling a position that the top of the bulb (or top of contraction bulb if

8.1 Sampling should follow safe rules in order to adhere tgresent) is level with the lowest point of juncture between the
all safety precautions as outlined in the latest OSHA regulaside tube and the neck of the flask (see Fig. 3).
tions. Refer to Practice D 3437 for proper sampling and 9.1.4 Place the burner directly under the center of the hole
handling of aromatic hydrocarbons analyzed by this tesin the insulation board.
method. 9.2 Automatic Distillation Apparatus-For assembly of au-
8.2 The sample under test shall be transparent and free edmatic distillation apparatus, consult the instrument manufac-
separated water. Any separated water may ordinarily be elimiurer’'s operating manual.
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FIG. 3 Position of Thermometer in Measuring Device in Distillation Flask

Note 3—The centering device must be as stated in 6.2.2.1 (Fig. 2). prevent loss by spattering; then adjust the heater to continue the

9.3 Carefully measure a 100-mL specimen of the material télistillation at the rate of 5 to 7 mL/min (about 2 drops/s).
be tested in the 100-mL graduated cylinder at room temperavaintain this rate, and continue the distillation to dryness. The
ture and transfer to the distillation flask, draining the cylindertotal yield of distillate when testing close boiling benzenes,
at least 15 s. This is preferably done before mounting the flastoluenes, and xylenes shall be not less than 97 %, and when
in position, in order to prevent liquid from entering the side testing wider boiling refined products and light oils, shall be
arm. Do not rinse out the graduated cylinder used to measuirgot less than 95 %; otherwise, the test shall be repeated.

the sample for distillation, but place under the lower end of the 10.1.3 Take the temperature reading when the first drop of
condenser tube to receive the distillate. ~ distillate falls into the receiving cylinder and report as the
9.4 Fit the flask vapor tube, provided with a snug fitting jnitial boiling point (IBP). If necessary, take additional read-
silicone rgbber stopper, tlghtly into the condenser tube. Adjusfngs when 5, 10, each additional 10 up through 90, and 95 %
the flask in a vertical position so that the vapor tube extendgf the specimen has just distilled over. Take a final reading

into the condenser tube for a distance of 25 to 50 mm (1 to %vhen the liquid just disappears from the lowest point in the

. Mask, and report this reading as the dry point temperature.
against the pottom O.f the flask. When testing crude materials, a decomposition point, rather
9.5 Place the cylinder which was used to measure th 7 : - .

) Yo o an a dry point, may be obtained. When a decomposition point
charge, without drying, into its position under the lower end ofi reached at the end of a distillation. the temperature will
the condenser tube so that the end of the condenser tube ' . . ' >Mp

quently cease to rise and begin to fall. In this case, take the

centered in the graduate and extends in for a distance of at Iee{g‘?

25 mm (1 in.). temperature at the decomposition point as the maximum
temperature observed. The decomposition point may also be

10. Procedure indicated by the appearance of heavy fumes in the flask.
10.1 Manual Distillation Procedure Should that occur, record the temperature at the time the bulb

10.1.1 Connect the flask to the condenser apparatus & the flask becomes substantially full of fumes. If a decom-
described in Section 9. Fit the thermometer to the flask agosition rather than a dry point is observed, so note when
described in 9.1. recording results.

10.1.2 Heat the flask slowly, especially after boiling has 10.1.4 Observe and record any correction for inaccuracy of
begun, so as to allow the mercury column of the thermometethe thermometer at the time and place of the distillation test.
to become fully expanded. before the first _drop distills OVer. 102 Automatic Distillation Procedure
Regulate the rate of heating so that the ring of condensing o o
vapor on the wall of the flask reaches the lower edge of the side .10'2'1 Qonnect the d's“”"?‘“o” flask 0 thg automatic distil-
arm in not less than 90 s, and preferably approximately 120 4§1t|on e_qume_nt as described in 9.2. '_:'t t_he_ te_mperat_ure
from the start of the rise of the vapor ring. The total time fromMeasuring device to the flask for automatic distillation equip-
the start of heating until the first drop falls into the receiverMent according to the manufacturer's instructions.
should be not less than 5 nor more than 10 min. Avoid major 10.3 Barometer Reading and Temperature of the
changes in heating rate. Even operation is best gained throug¥arometer—The observed barometric pressure shall be cor-
experience with the method. When distillation starts, adjust theected by reference to standard tables and reported in terms of
receiver to allow condensation to flow down its inner wall to millimeters of mercury at 0°C.



iy D 850

11. Temperature Corrections TABLE 3 Boiling Points of Hydrocarbons
11.1 Corrections of temperature should be applied in the Boiling Point, °C
following cases: Cyclohexane 78.0
11.1.1 When required by the specifications, penzene 801
K . . . ylbenzene 136.2
11.1.2 When there is any question of compliance with the Pyridine 1155
specifications, and Toluene 110.6
11.1.3 When tests of the sample are to be checked against Z;i‘y{fn“ee e
results obtained by another investigator. p-Xylene 138.3

Note 4—When corrected temperatures are reported, notation should be
made of the type of corrections applied.

. . where:
11.2 Inaccuracy of ThermometefThis correction shall be  pcpT = the temperature at the decomposition point, and
obtained by calibration of the thermometer used in the testangBp = the initial boiling point.

applied to the observed thermometer reading.

11.3 Variation from Standard Barometric Pressurdhis  13. Precision and Bias
correction shall be applied to the observed temperature after 131 precision: Manual Distillation Method-The follow-
correcting for inaccuracy of the thermometer and is determinethg criteria should be used for judging the acceptability of

by the following equation: results (95 % confidence) on distillation determined by the
C=[A+{BX (760— P)}] X (760— P) (1)  manual method:

13.1.1 Intermediate Precisior-Duplicate results by the
where: o _ same operator should be considered suspect if they differ by
C = the correction in degrees Celsius, more than the following amounts:

A, B = constants from Table 2, o
P = the measured barometric pressure in millimetres of

mercury corrected to 0°C. Cyclohexane 0.17

11.4 Combined Corrections-If the overall distillation Benzene 0.16

° . Toluene 0.23

range of the sample does not exceed 2°C, a combined correc- Xylene 026

tion for thermometer inaccuracy and barometric pressure may 13.1.2 Reproducibility—Results submitted by each of two

be made on the basis of the difference between the observ . . .
50 % boiling point and the true boiling point at 760 mm asZ%grraggr:ﬁzr:r;ﬁgf tﬁ: fi)cl)lr(;s\ll?neée;mzl[ljsrlrt):d if the two results

given in Table 3.
°C

12. Report

. Benzene 0.42
12.1 Report observed temperatures to the nearest 0.1°C, in Toluene 0.47
a manner conforming to the specifications of the material Xylene 0.42

tested. If no definite manner of reporting is specified, report the Note 5—There was insufficient data for cyclohexane to determine
corrected temperatures at each observed volume, and report tiggroducibility.
volume percentages of residue, recovery, and distillation loss. 13.2 Precision: Automatic Distillation Methed-The fol-
12.2 In the ASTM specifications where Test Method D 850jowing criteria should be used for judging the acceptability of
is cited, the distillation range is defined as: results (95 % confidence) on distillation range determined by
Distillation range, °C= DPT—IBP (2)  the automatic method. The precision criteria was derived from
the interlaboratory data submitted by nine different laborato-

bo\?lli:(;n:)oDirlljtT 's the dry point temperature and IBP is the Inltlalries. Each sample was run twice in two days by two different

12.3 In cases where decomposition points occur, the distiioPerators. Results were analyzed in accordance with Practice

. ; . E 691
lation range is defined as: . . - .
9 o 13.2.1 Intermediate Precisionr-Duplicate tests by the same
Distillation Range “C= DCPT — IBP () operator should be considered suspect if they differ by more
than the following amounts:
TABLE 2 Constants for Correction for Variations in Barometric Response Intermediate Precision
Pressure (600 to 800-mm Hg) Toluene (Automatic Method)  IBP 0.238
Material A B 50 % Pt 0.097
Dry Pt 0.230
Benzene 0.0427 0.000025
Toluene 0.0463 0.000027 Response Intermediate Precision
Ethylbenzene 0.0490 0.000028 Xylene (Automatic Method) IBP 0.409
o-Xylene 0.0497 0.000029 50 % Pt 0.239
m-Xylene 0.0490 0.000029 Dry Pt 0.264
p-Xylene 0.0492 0.000029
Mixed xylenes 0.0493 0.000029 Response Intermediate Precision
Grade xylene Cresol (Automatic Method) IBP 0.681
Solvent naphtha 0.0493 0.000029 50 % Pt 0.423
Hi-flash solvent 0.0530 0.000032 Dry Pt 0.675
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Note 6—Cresol data was analyzed with ANOVA (due to insufficient  13.3 Bias: Manual and Automatic Distillation Methods
data to analyze with Practice E 691). There was no significant bias found between data for this test
13.2.2 Reproducibility— Results submitted by each of two method, as none of thevalues for toluene or mixed xylene are
laboratories should be considered suspect if the two resultsignificant at the 95 % confidence level.
differ by more than the following amounts:

o Note 8—For this test method, automatic distillation data are based on
Response Reproducibility

Toluene (Automatic Method)  IBP 0.581 automatic distillation apparatus (ADA) with dry point sensors. The
50 % Pt 0.156 precision and bias statements for this test method are therefore only valid
Dry Pt 0.456 for ADA units with dry point sensing devices.
Response Reproducibility

Xylene (Automatic Method) IBP 0.964 14. Keywords
50 % Pt 0.439 . T
Dry bt 0.390 14.1 aromatic hydrocarbons; distillation

Note 7—There was insufficient data for cresol to determine reproduc-
ibility.

SUMMARY OF CHANGES

Committee D 16 has identified the location of selected changes to this standard since the last issue that may
impact the use of this standard.

(1) Revisions to scope, referenced documents, terminology,
and precision and bias were changed.

The American Society for Testing and Materials 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 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, 100 Barr Harbor Drive, West Conshohocken, PA 19428.



