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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

he procedures used to develop this document and those intended for its further mai enénce are
escribed in the ISO/IEC Directives, Part 1. In particular, the different approval crlterla?‘ ded for the
ifferent types of ISO documents should be noted. This document was drafted in aécordance With the
ditorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives). o \))"

ttention is drawn to the possibility that some of the elements of this docunmieht’may be the sybject of
atent rights. ISO shall not be held responsible for identifying any or allsyléh patent rights. Dgtails of
ny patent rights identified during the development of the document wiliie’in the Introductior] and/or
n the ISO list of patent declarations received (see www.iso.org/patents}?

4
ny trade name used in this document is information given for th‘e,,wnvenlence of users and does not
onstitute an endorsement. R

'}

or an explanation of the voluntary nature of standard‘s,,:the meaning of ISO specific terjms and
xpressions related to conformity assessment, as well¥as information about ISO's adherenc¢ to the
orld Trade Organization (WTQ) principles in the Te hnical Barriers to Trade (TBT) see www.iso
Jorg/iso/foreword.html.

.\,’
ihls document was prepared by Technical Comh}ittee ISO/TC 28, Petroleum and related produdts, fuels
nd lubricants from natural or synthetic sourceb

w A ‘
This fifth edition cancels and replaces the fourth edition (ISO 3405:2011), which has been technically
revised. The main changes compared to the previous edition are as follows:

1+ extension of the scope to 1nclude synthetic and biological products in general and automotive¢ petrol-
ethanol blends and to d1e§el with up to 30 % (V/V) FAME specifically;

1— the procedure has beén aligned with ASTM D86[1] and ASTM International has granted usage of its
precision data 0q§]uly 2017;

1— update of thexp‘l’l;cision (for automated apparatus) for groups 1, 2, and 3, with the slope-based
precision.abtained from a 2010 Interlaboratory Studyl(2l;
1+ for T95; é’raup 4 now has a valid range of 260 °C to 360 °C and an updated precision, as a r¢view of
a 2006)Interlaboratory Study revealed the absence of some group 4 samples having a fina] boiling
ppijxt near 360 °C, as well final boiling points above;

\ {
+Sothe test report example in Annex F has been updated as group 0 is not addressed since th¢ fourth
edition of this document;

— introduction of a solution for the replacement of mercury-in-glass thermometers.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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INTERNATIONAL STANDARD ISO 3405:2019(E)

Petroleum and related products from natural or synthetic
sources — Determination of distillation characteristics at
atmospheric pressure

WARNING — The use of this document can involve hazardous materials, operations and
quipment. This document does not purport to address all the safety problems associated with
ts use. It is the responsibility of users of this document to take appropriate measuxes to|ensure
he safety and health of personnel prior to the application of the standard, and to d]éterm.me the
pplicability of any other restrictions for this purpose.

"
,-\

Scope

|y . \\\/

his document specifies a laboratory method for the determination of fife dlstlllatlon characteristics
f light and middle distillates derived from petroleum and related prodﬁcts of synthetic or biplogical
rigin with initial boiling points above 0 °C and end-points below appxoximately 400 °C, utlllerT; either
anual or automated equipment. Light distillates are typically att@motive engine petrol, autpmotive

ngine ethanol fuel blends with up to 85 % (V/V) ethanol, and'“av1at10n petrol. Middle distillates are
ypically aviation turbine fuel, kerosene, diesel, diesel with 'up‘to 30 % (V/V) FAME, burner flel, and
arine fuels that have no appreciable quantities of re51dua y'

OTE For the purposes of this document, the term “%TtV/V)” is used to represent the volume fradtion of a
aterial. S\ y
=)

he distillation (volatility) characteristics_of ‘h&/drocarbons and related products of synthetic or
iological origin have an important effectsgintheir safety and performance, especially in the| case of
uels and solvents. The boiling range give§miportant information on composition and behaviout during
torage and use, and the rate of evaporation is an important factor in the application of many splvents.
imiting values to specified distillatigcharacteristics are applied to most distillate petroleum product
nd liquid fuel specifications in<#der to control end-use performance and to regulate the foymation
f vapours which may form egplosive mixtures with air, or otherwise escape into the atmosghere as

¢missions (VOC). ¢
.

2 Normative references
~ N
N
The following dqghments are referred to in the text in such a way that some or all of their|content
onstitutes péduirements of this document. For dated references, only the edition cited applies. For
ndated refe'?en’ces, the latest edition of the referenced document (including any amendments) ppplies.

RV
SO 918xVolatile organic liquids for industrial use — Determination of distillation characteristics

N
SO'3170, Petroleum liquids — Manual sampling

ISO 3171, Petroleum liquids — Automatic pipeline sampling

ISO 4788, Laboratory glassware — Graduated measuring cylinders

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

© IS0 2019 - All rights reserved 1
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— IEC Electropedia: available at https://www.electropedia.org/

31

decomposition point

thermometer reading (corrected) which coincides with the first indications of thermal decomposition
of the liquid in the flask

Note 1 to entry: Characteristic indications of thermal decomposition are an evolution of fumes and erratic
thermometer readings which usually show a decided decrease after any attempt has been made to adjust the heat.

dry p0||nt AN\
thermopmeter reading (corrected) that is observed at the instant the last drop of liquid evaporates\fronp
the lowpst point in the flask, any drops or film of liquid on the side of the flask or on the therm metef
being disregarded v
g 8 '.\

Note 1 t¢ entry: The end-point (final boiling point), rather than the dry point is intended for g\ftgh@rél use. The drj
point cap be reported in connection with special purpose naphthas, such as those usedsin\the paint industry.
Also, it is substituted for the end-point (final boiling point) whenever the sample is 6f{ &ueh a nature that th¢
precisiof of the end-point cannot consistently meet the precision requirements given m)\(Zlauses 13 or 14.

<

.

3.3 N
. . . N7,

final bgiling point <

end-poiht maximum thermometer reading (corrected) obtained durfngthe test

Note 1 t¢ entry: This usually occurs after evaporation of all liquid from ,tfle bottom of the flask.
3.4 R )\
initial boiling point

thermometer reading (corrected) that is observed at tk@ﬁistant that the first drop of condensate fall$

from thg lower end of the condenser tube

AN\

X
3.5 2>
percent evaporated W
sum of the percent recovered and the percenéloss

w"\

3.6 Vv
percentg loss ¢

calculatled amount of uncondensed-material

Note 1 tp entry: Sometimes called “front-end loss”; this is the amount of uncondensed material lost in the initiall
stages of the distillation. >N\

3.7 N
corrected loss ‘e
percent{loss corséeted for barometric pressure

o
S

3.8 SN
percent fééovered
volumé lofiéondensate ohserved in the receiving cvlinder at any point in the distillation pyprpqqu as

percentage of the charge volume, in connection with a simultaneous temperature reading

39
percent recovery
maximum percent recovered, as observed in accordance with 9.10 or 10.10

3.10

percent residue

volume of residue measured in accordance with 9.11 or 10.11, and expressed as a percentage of the
charge volume

2 © IS0 2019 - All rights reserved
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3.11
percent total recovery
combined percent recovery and residue in the flask, as determined in accordance with 11.1

3.12

thermometer reading

temperature recorded by the sensor of the saturated vapour measured in the neck of the flask below
the vapour tube, under the specified conditions of this test

313
emperature reading \
hermometer or temperature-measurement device reading (3.12) which is corrected Q' 10[,3 kPa
tandard pressure

N -

S

14 .\ v
mergent stem effect A

ffset in temperature reading caused by the use of a total immersion mercu;y\}w’glass thermometer in
he partial immersion mode \

¥

ote 1 to entry: The emergent part of the mercury column is at a lower temperg)fure than the immersed|portion,
esulting in a lower temperature reading than that obtained when the thérmometer was completely iimersed

or calibration. \7Z;
©
15 A 4®)
’
emperature lag Y

ffsetin temperature reading between a mercury-in-glass thermometer and an electronic tempg¢rature-
easurement device, caused by the different response Ejrﬁe of the systems involved
3

4 Principle N\

A\

The sample is assigned into one of fourygroups based on its composition and expected vplatility
haracteristics, each group defining\«the apparatus arrangement, condenser temperatyre and
perational variables. A 100 ml tesgrportion is distilled under the specified conditions appfopriate
o the group into which the samflé falls, and systematic observations of thermometer readipgs and
olumes of condensate recovered are made. The volume of the residue in the flask is measured,[and the
oss on distillation recordedy The thermometer readings are corrected for barometric pressyre, and
he data are then used for-calculations appropriate to the nature of the sample and the specification

equirements.
Oy ’
Q.»\
Apparatus; \

.1 General

* N\

ypicg‘l:éss’emblies of the manual apparatus are shown in Figures 1 and 2. In addition to tle basic

ompanents described in Clause 5, automated apparatus are equipped with a system to measpure and

utomatically record the vapour temperature and the associated recovered volume in the r¢ceiving
cylinder.

Automated equipment manufactured from 1999 onwards shall be equipped with a device to
automatically shut down power to the unit and to spray an inert gas or vapour in the chamber where
the distillation flask is mounted in the event of fire.

NOTE 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.

© IS0 2019 - All rights reserved 3
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52 D

istillation flasks

The distillation flasks shall have a capacity of 125 ml and be constructed of heat-resistant glass,
according to the dimensions and tolerances shown in Figure 3.

For tests specifying the dry point, especially selected flasks with bottoms and walls of uniform
thickness are recommended.

5.3 Condenser tube and cooling bath

5.3.1

Other t)
to corrdg
in Claud

5.3.2
with an

NOTE

5.3.3

mediuny,
at the 1
to the
suitabld
and no
the con

'

Typical types of condenser and cooling bath are illustrated in Figures 1 and 2. .\' /

ypes of apparatus may be used, provided that the test results obtained by their use are;uch a$
late with the results obtained with those illustrated, and to satisfy the precision &iterla given
es 13 or 14.

-

2

The condenser shall be made of seamless non-corrosive metal tubing, 560nfi'+ 5 mm in length

outside diameter of 14 mm and a wall thickness of 0,8 mm to 0,9 mm. \'.
2
Brass or stainless steel are suitable materials. N
>
\V

5

©

The condenser shall be set so that 393 mm + 3 mm of the fubg'is in contact with the cooling

with 50 mm * 3 mm outside the cooling bath at the uppef “efd, and 114 mm * 3 mm outsidg
pwer end. The portion of tube projecting at the upper@nd ¢hall be set at an angle of 75° + 3
ertical. The portion of the tube inside the cooling bath-shall be either straight or bent in any
continuous smooth curve. The average gradient shali¥e 15° + 1° with respect to the horizontal,
100 mm section shall have a gradient outside a 52+ 3° range. The projecting lower portion o
Henser tube shall be curved downward for a le‘n‘gth of 76 mm and the lower end cut off at a

)

4

<

acute aipgle. Provisions shall be made to enable theflaw*of distillate to run down the side of the receivin

cylinder.

The floy
drip-de
tube cu
25 mm

5.3.4
cooling
conden

54 M

Shields
to protg
operati

Figure 4 gives an illustration of the lowét€id of the condenser tube.

¥
v of distillate down the side of the .graduated cylinder can be accomplished either by using
flector which is inserted in the rggelver or by having the downward length of the condense
Fve slightly backwards so as to ensure contact with the wall of the receiving cylinder at a poin

Fo 32 mm below the top of the feceiving cylinder when it is in position to receive distillate.
.

The volume and design(of the cooling bath will depend on the cooling medium employed. Th
capacity of the bathv’shall be adequate to maintain the required temperature for the desire
er performance. /'\smgle cooling bath may be used for several condenser tubes.

=

etal shield®ienclosure for flask (manual apparatus only)

shall b\e’p\r'ovided to protect the operator from damage from the unit during operation, an
ct thexdistillation flask from draughts. They shall allow easy access to the distillation durin
R, hnd be provided with at least one window to observe the dry point at the end of th

distillat

mn

NOTE 1

A typical shield for a unit fitted with a gas burner would be 480 mm high, 280 mm long and 200 mm

wide, made of sheet metal approximately 0,8 mm in thickness (see Figure 1).

NOTE 2
200 mm

A typical shield for a unit fitted with an electric heater would be 440 mm high, 200 mm long and
wide, made of sheet metal approximately 0,8 mm in thickness (see Figure 2).

© ISO 2019 - All rights reserved
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']
9 QY
-1'\‘
e
/
3—H
X
o
o
2 N
1
R
10

Key ;

cooling bath o) 7  thermometer
? airvents €N 8  Dbath cover

burner W 9  Dblotting paper
4 shield : 10 support

heat-resistant boards 11 graduated cylinder
¢ distillation flask . ¥y 12 gasline

~ N
N\
0‘\
N\t Figure 1 — Apparatus assembly using a gas burner
- “
N
Q¢ ¥ )
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3 thermometer 10 switch
4  distillation flask 11 open bottom shield
5 flask-support board 12 cooling bath
6  electric heating element 13 condenser tube
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Figure 2 — Apparatus assembly using an electric heater
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Dimensions in millimetres

2176 + 13
m m
+ +
n [¥g]
~ ~
m m
+ +
= =
o 2
Q
4
Key
%
19/22 neck or 19/26 neck N
4 Reinforcing bead. €\ )
B Fire polished. Y
3
.
Figre 3 — 125 ml flasks — Alternative neck designs
Y ”
~ N
N\
o\
2N 0‘
S
| @ ¥ \

© IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=08189271c5971eea338f8c863ce3025c

Single user license - Pro Tem Committtee on CCUS - No reproduction or circulation

ISO 3405:2019(E)

Dimensions in millimetres

5.5 Heat source(s)

5.5.1
time sp
pressurp

5.5.2

56 F

5.6.1

type, 10
the outg

The flasg
in thick
support
the cent
minimij
positior

[Electric heater (see Figure 2), oflov\v}heat retention and adjustable from 0 Wto 1 000 W.

\"

4

ver the first drop from a cold start within thg
ed rate. A sensitive regulating valve and ga

Gas burner (see Figure 1), capable of bringing
ecified, and continuing the distillation at the s

Q1f1

e governor to give complete control of heatlng‘s all be provided.

=
) )
W‘\

%
D

ask-support

<

*
Type 1 for use with gas burher (see Figure 1). Either a ring support of the ordinary laboratory
0 mm or larger in diaméter; supported on a stand inside the shield, or a platform adjustable fron
ide of the shield shqllzbe used.
»

k support boagdﬁs}all be constructed of ceramic or other heat-resistant material, 3 mm to 6 m
ness and shall"iave a central opening conforming to the dimensions given in Table 2. The flas
board shallihé of sufficient dimension to ensure that thermal heat to the flask only comes fro
fral opéning and that extraneous heat to the flask other than through the central opening i
red, The flask-support board may be moved slightly in accordance with the directions fo
1ng\the distillation flask so that direct heat is applied to the flask only through the openin

in thisApdard. The position of the flask is set by adjusting the length of the side-arm inserted into th

condenser.

5.6.2

Type 2 for use with an electric heater (see Figure 2). The flask-support is a platform on top of

the electric heater and adjustable from the outside of the shield. The flask support board described in

5.6.1 is
slightly

mounted on this support. Provision shall be made for moving the upper (flask-support) board
in the horizontal plane to ensure that direct heat is applied only through the specified opening

in this board. The flask-support assembly shall be able to move vertically to ensure contact of the flask-
support board with the bottom of the distillation flask during the distillation, and to allow for easy
mounting and removal of the distillation flask from the unit.

© ISO 2019 - All rights reserved
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5.7 Graduated cylinders

5.7.1 Receiving cylinder, of 100 ml + 1,0 ml capacity, nominally in accordance with ISO 4788. It shall
be graduated at intervals of 1 ml beginning at least at the 5 ml mark and have a graduation at the 100 ml
mark. The shape of the base shall be such that the receiver does not topple when placed empty on a
surface inclined at an angle of 13° to the horizontal. Construction details and tolerances for the graduated
cylinder are shown in Figure 5.

Dimensions in millimetres

1,75 £ 0,25

- \
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\
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=

D

-
¥

*

©
o
f

0

254 £ 6
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o

190,5 + 12,5

i

~
o

Al
S

w
o

N
o

—_
o

Il
5

4
\
\
\
|
|
|
|
I
/
/
/

Key "\
{ire.polished top end

¢

e

rigure o — 1UU mireceiving cylinder (tolerance * 1,U ml)

For automated apparatus, the cylinder shall conform to the physical specifications described in this
subclause, with the exception of all graduations but that at 100 ml. Receiving cylinders for use in
automated units may also have a metal base.

If required, the receiving cylinder shall be either immersed in a cooling bath containing cooling liquid,
such as a tall-form beaker of clear glass or transparent plastic, up to above the 100 ml graduation line,
or placed in a thermostatically controlled air-circulation chamber.

5.7.2 Residue cylinder, of 5 ml capacity, generally in accordance with ISO 4788.

© IS0 2019 - All rights reserved 9
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5.8 Temperature measurement system

5.8.1 Thermometers, if used, shall be of the mercury-in-glass type, nitrogen filled, graduated on the
stem and enamel backed, and shall conform to the specifications given in Annex A.

CAUTION — Under certain test conditions, the bulb of the thermometer can be 28 °C above the
temperature indicated, and at an indicated temperature of 370 °C, the temperature of the bulb
is approaching a critical range in the glass. It is thus strongly recommended that distillation
temperature readings above 370 °C are avoided, but in those cases where thermometers have
been efposed to observed temperature readings above 370 °C, they shall not be re-used withou
checking their ice point to verify calibration. N\

N
5.8.2 [Electronic temperature-measurement devices, if used, shall exhibit the same temperatur¢
lag, emgrgent stem effect and accuracy as the equivalent mercury-in-glass thermometer. _\ "

To simullate the temperature lag of a mercury-in-glass thermometer, the circuitry andkbr/tfle algorithms
used for the electronic system shall take this fact into account. \>

¥

Alternatively, place the sensor in a casing with the tip covered, so that the a.skémbly, because of it$

adjustedl thermal mass and conductivity, has a temperature lag time similartosthat of mercury-in-glass

thermometers. N4
L8

=

In case|of dispute, unless otherwise agreed, the referee test shall «be’-Carried out using the specifieq

-

mercury-in-glass thermometers. \

&A

When if is required to determine the difference in lag time b&tie€en an electronic measurement systeng

and mefcury-in-glass thermometers Annex B shall be used A2
»

.

»

X
NOTE The lag time difference determination is more appﬁcable for equipment manufacturers.
AN\
. . K
5.9 Centring device > .

¢

The tenjperature sensor shall be fitted through a snug-fitting device designed for mechanically centring
the senpor in the neck of the distillatiehiflask without vapour leakage. The use of a cork or silicong
rubber ftopper with a hole drilled through the centre is not acceptable for this purpose. Examples o
acceptable centring devices are shownin Figures 6 and 7.

.

A

14

The barometer should ideally be located in the room in which the distillation is carried out.
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Cone male NS 19/26. @g

Figure 6 — PTFE centring gor ground-glass joint
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1  single O-ring Viton or perfluoro elastomer a Coné<sl‘i.aped for perfect centring in neck of
2 conjpression nut (PTFE) \c{;&ﬁv]latlon flask.
3 PTHE body b\\, Drilled out to fit Pt 100 probe.
4 douple O-rings Viton or perfluoro elastomer ¢’ Compression without O-ring.
5 conjpression O-ring ©' 4 Threads.
6  con]pression nut (9 e Internal diameter of flask to be precision bore.
7  thefmometer or Pt 100 probe l"‘;‘
8 neck of distilling flask " )
.
Figure 7 — Two illustrative centring device designs for straight-bore neck
X%
~ N
N
fo\
6 Samples and'sampling
6.1 Sample’grouping

Table Jpwhich also gives general guidance on sampling conditions.

Determlne(ﬁ?nature of the product to be sampled and place it in the appropriate group according tT

6.2 Sample maintenance prior to testing

6.2.1 General
Unless otherwise specified, sampling shall be carried out by the procedures described in ISO 3170 or

ISO 3171, bearing in mind the special conditions described in Table 1. Maintain samples prior to testing
at the specified temperatures given in Table 1, away from sources of direct heat or sunlight.
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6.2.2 Groups1and?2

Collect the sample in a container previously cooled to below 10 °C, when necessary. Condition the
container preferably by immersing it in the liquid, where possible, and discarding the first sample.
Where immersion is not possible, the sample shall be drawn off into the previously cooled container in
such a manner that agitation is kept at a minimum. Close the container immediately with a tight-fitting
stopper, and place the sample in an ice bath or refrigerator to maintain the sample below the specified
temperature. Maintain the sample below 10 °C prior to testing, and preferably store at or below this
temperature. Where maintenance and/or storage at below 10 °C is not possible or practicable, a

aIaaI-EIaa .o a = ael re—aacamatalal o oo o rdad o _.--_._---”-'---A-._-- = erature

below 10 °C before the container is opened. D

b.2.3  Groups 3 and 4

Maintain the sample at ambient temperature. If the sample is not fluid at @mibient tempprature,
aintain it at a temperature of 9 °C to 21 °C above its pour point. Shake the'¢ajiple vigorougly prior
fo subsampling to ensure homogeneity, and disregard the temperature ran,ge\s own in Table 7 for the
receiving cylinder. Prior to analysis, heat the receiving cylinder to approximately the same temgerature
4s the sample, and pour the heated test portion precisely to the 100 ml rr)a'rk. Transfer the test[portion
as rapidly and completely as possible to the distillation flask. N -

.

\“
CAUTION — A tightly-sealed, full, cold container of sample i,s'liliély to break if heated.

- -

Table 1 — Sample groups and sainf)ling conditions

Group number 1 2 \, ) 3 4
Typical sample type Gasoline Gagéﬁr;e Wide-cut Keroserle/
SO aviation fuel gas oil

apour pressure >65,5 W <65,5 <65,5 <65,5
(DVPE), kPa R

nitial boiling point — X \ — <100 >100
(IBP), °C O

inal boiling point <2800 <250 >250 >250
(FBP), °C D

emperature of sample ¥.<10 — — —

ottle, °C N

emperature of sample [\ / <10 <10 Ambienta Ambierjta

t sampling, °C %,

emperature of stofe(i\ <10b <10b Ambient Ambient

ample, °C R =
"If sample is \N:e:c" Resample or dry Resample or dry Dry Dry
[(Referenge)® (6.3.2) (6.3.2) (6.3.3) (6.3.3)

Sam‘ples shall always be at 9 °C to 21 °C above their pour point if not fluid at ambient temperature.

C }Vhen no facilities available for storage below 10 °C, the sample may be stored below 20 °C provided the corjtainer is
ightly sealed. See 6.2.2

6.3 Removing water from sample

6.3.1 General

Samples of materials that are visibly hazy (suspended water) or are suspected of containing water are
not suitable for testing.
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6.3.2

Groups 1 and 2

If the sample is not dry, obtain another sample for testing that is free from suspended water. If such

a sampl

e cannot be obtained, add a sufficient amount of anhydrous sodium sulfate or other suitable

drying agent to the sample maintained at 0 °C to 10 °C, and physically remove the water by shaking.

Once th

e sample shows no visible signs of water, use a decanted portion of the sample, maintained at

0 °C to 10 °C, for the analysis. Record that the sample has been dried by desiccant.

Data from a round-robin exercise show that suspended water in hazy samples in group 1 and group 2

may be removed by the abhaove prnrndnrp without statistically nfﬁarfing the results of the test
N\
6.3.3 [Groups 3 and 4 N\
In cased where a water-free sample is not practical, remove the suspended water by shaking( the sampl¢
with arfhydrous sodium sulphate or another suitable drying agent, and separate it frefa the drying
agent by decantation. <
8 \\/
X
7 Preparation of apparatus "
)

71 R
temper:
heating]i
(5.6.2).

bath to

7.2 M
will be
such th
surrour

For gro
refriger

For gro

and heated ethylene glycol. X

73 R
attache

7.4 For samples in groups 1, 2 and 3, fit a low-range temperature sensor, provided with a snug-fitting

cork or

efer to Table 2 and prepare the apparatus by choosing the ap:pr{)priate distillation flasK
iture-measurement system and flask-support board as dlrectedvfor the indicated group. If ga$
is used, use a Type 1 flask-support (5.6.1); if electric heatipgds (dsed, use a Type 2 flask-support
Bring the temperature of the receiving cylinder, the flask, the ;:emperature sensor and the cooling
the indicated temperature. \’ v
ake any necessary provisions so that the temperatwge of the cooling bath and receiving cylinder
maintained at their specified temperatures. Tha.\l\ecelvmg cylinder shall be positioned in a bath
it either the liquid level is at least as high as t\he 100 ml mark, or the entire receiving cylinder i$

ded by an air-circulation chamber. %

~
.

ips 1, 2 and 3, use suitable media fordow temperature baths such as chopped ice and watet
ated brine and refrigerated ethylene«g‘lycol

Ip 4, use suitable media for amblerit and higher bath temperatures such as cold water, hot watef
N
bmove any residual llg{nd/ln the condenser tube by swabbing with a piece of soft, lint-free clotl

1 to a cord or wire: oA\

o\

e

silicone rubber' stopper, tightly into the neck of the sample container, and bring the temperatur¢

of the sgmple to. th:at specified in Table 2.
N

«,,\ : Table 2 — Preparation of apparatus
Group'number T Z 3 T
Temperature-measurement system (see 5.8) Low-range Low-range Low-range High-range
Diameter of hole in flask-support board, mm 38 38 50 50
Temperature at start of test, °C
— flask and thermometer 13to 18 13to 18 13t0 18 <ambient
— flask-support board and shield <ambient <ambient <ambient —
— receiving cylinder and sample 13to 18 13to 18 13t0 18 13 to ambient

14
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7.5 When the temperature of the sample is confirmed, measure the test portion precisely to the 100 ml
mark of the receiving cylinder, and then transfer it as completely as practical to the distillation flask,
taking care that none of the liquid flows into the vapour tube.

NOTE1 Any material which evaporates during the transfer will contribute to the loss; any material which
remains in the receiving cylinder will contribute to the observed recovery volume at the time of the initial
boiling point.

If irregular boiling (bumping) is expected, add a small volume of clean and dry boiling chips to the test
portion.

!

OTE2  Although theoretically the volume of deposit on the chips is part of the residue, this a’llnount is
gligible and can be disregarded. ~l\
e

7.6  Fit the appropriate temperature sensor through a centring device (5.9). In the'¢ase of a njercury-
in-glass thermometer, the bulb is centred in the neck and the lower end of thefeapillary is lefel with
he highest point on the bottom of the inner wall of the vapour tube (see Eigufe 8). In the cpse of a
hermocouple/resistance thermometer, follow the manufacturer’s instrugtiéiis as to placement so that
he sensing position will be just below the level of the side arm of the dlstluatlon flask.
> |

Jse a small quantity of vacuum grease on the mating surface of. thepolytetrafluoroethylene
entring device to facilitate dismantling after use. N\

1
1
1

1 (PTFE)

~——1

~—1

-

] ]

v 4
- Y

'@
R

)

o

L —L/]
~ N

L]

q

.7 K the flask vapour tube, provided with a snug-fitting, well-rolled cork or silicone rubber
1ght1y4nto the condenser tube. Adjust the distillation flask in a vertical position so that the vapg
pxXtehds into the condenser tube for a distance of 25 mm to 50 mm. Raise and adjust the flask-

Stopper,
ur tube
support

poard to fit snugly against the hottom of the flask

7.8 Place the receiving cylinder that was used to measure the test portion, without drying, fitted with a
drip deflector if necessary, into the bath under the lower end of the condenser tube so that the end of the
condenser tube is centred in the receiving cylinder and extends therein for a distance of at least 25 mm,
but not below the 100 ml mark. For manual distillations, cover the receiving cylinder closely with a piece
of blotting paper or similar material that has been cut to fit the condenser tube snugly. For automated
distillations, cover the receiving cylinder, if necessary, with the device provided with the apparatus.

7.9 Record the room temperature and prevailing barometric pressure. Proceed at once with the
distillation, as described in Clauses 9 or 10.
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8 Apparatus verification

8.1 Level follower

For automated apparatus, the level follower/recording mechanism of the apparatus shall have a
resolution of 0,1 ml with a maximum error of 0,3 ml between the 5 ml and 100 ml points. The calibration
of the assembly shall be verified according to the manufacturer’s instructions at intervals of not more
than three months.

NOTE The typical verification procedure Involves verifying the output with the receiving cylinder containing
5 mland 100 ml of material respectively. "\
—
~l\
8.2 Electronic temperature-measurement devices X
0.\ ’

8.2.1 |Verification of the calibration of these temperature sensors shall be carried gut:at intervals o
not more than 6 months. The electronic circuit for resistance thermometers shall,b\e,\&erified agains
a standprd precision resistance. When performing this verification, ensure thatgahy algorithms use
to corrgct the temperature for lag and emergent stem effect are not applied {see the manufacturer’
instructjions). The response of the temperature-measurement system itself shall-Be verified by one of th
procedyres described in 8.2.2 or 8.2.3 or 8.2.4. \Z 4 4
©

¢
8.2.2 |Distil reagent grade toluene in accordance with ISO 918 and>detérmine whether the 50 % (V/
recovergd temperature is within the following temperature range, Us¢ reagent grade toluene for this tes
unless if can be shown that the grade proposed is of sufficient Rm;'lty to permit its use without lessenin
the accyracy of the determination.

R
" . .
Toluenq is used as a verification fluid for bias; it will Id almost no information on how well a

electrofic measurement system simulates the temperature lag of a mercury-in-glass thermometer.
Annex B describes a method to determine this diffe(e\nce in lag time.
N

To verifly the response at elevated temperaturesyuse hexadecane.

NOTE 1| Toluene is shown in reference mgngaTs as boiling at 110,6 °C, and hexadecane at 287,0 °C, under the¢
conditiops of ISO 918, which uses a partialimmersion thermometer. Because this document uses thermometer§
calibrat¢d for total immersion, the resuLts will be lower, and different for each. The approximate values obtained
from an interlaboratory study are showabelow:

> Manual apparatus Automated apparatus
~ N
Tolueng (group 1,2,3) N J 105,9 °Cto 111,8 °C 108,5 °Cto 109,7 °C
Hexadefane (group'@l" 272,2°Cto 283,1 °C 277,0 °C to 280,0 °C

* N\
8.2.3 [Distihagreference fluid of a specific product group, under the conditions of this document, using
in sequ san‘fthe appropriate mercury-in-glass thermometer followed by the alternative temperaturef
measurement device or system. Record systematic deviations over the range of temperatures measured
to ensure tirat o deviatiom exceeds thre Tepeatabitity of this test method; and that theatgebraic sumo
the deviations is close to zero.

A

8.2.4 Distil a certified reference fluid of a specific product group, under the conditions of this document.
Record systematic deviations over the range of temperatures measured to ensure that no deviation
exceeds the repeatability of this test method, and that the algebraic sum of the deviations is close to zero.

NOTE 2  Certified reference fluids, consisting of specified mixtures of single compounds, are commercially
available for group 1 and group 4 product types.
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8.3 Electronic pressure measuring device

At intervals of not more than six months, and after the system has been repaired or replaced, the
barometric reading of the device shall be verified against a barometer as described in 5.10.

9 Procedure — Manual apparatus

9.1 Apply heat to the dlstlllatlon flask (5 2) and contents, w1th the drlp tip of the condenser (see 5.3)
sation.
egulate the heating (5.5) at this stage so that the tlme interval between the first apphcatlon. ofhjeat and
he initial boiling point is as specified in Table 3. 1\

N

.2 Observe and record the first drop of condensate as the initial boiling point tgthe nearest 0,5 °C.
If a receiver deflector is not being used, immediately move the receiving cylindefisd that the tip of the

ondenser touches the inner wall. \\/
e

S
~

Table 3 — Conditions during test procedul;é

v

Group number 1 2 o W 3 4
Temperature of condenser bath, ° C Oto1l 0 to 5~.\ ‘/ Oto5 0 to|60
Temperature of medium around re- 13 to 18 1360\18 13to 18 +3 of charge
[ceiving cylinder, ° C Y
Time from first heat to IBP, min 5to 10 N 5t0 10 5to 10 5 to|15
Time from IBP to 5 % (V/V) recovered, 60 to 100 /¥ 60 to 100 — —

Qy
niform average rate of condensation oG 4to5 4to5 4tq5
rom 5 % (V/V) recovered to 5 ml in ‘\\4
lask, ml/min >\
I;Eime from 5 ml residue in flask to Q' <5 <5 <5 <J
BP, min

.o

.3 Regulate the heating so that\the time from initial boiling point to 5 % (V/V) recovered is as indicated
n Table 3.

\

9.4 Continue to regulaté the heating so that the uniform average rate of condensation from 5 Yo (V/V)
recovered to 5 ml reskdue in the flask is 4 ml/min to 5 ml/min.
N\

4.1 Due £o*the configuration of the distillation flask and the conditions of the test, the vappur and
iquid arodndtthe temperature sensor (see 5.8) are not in thermodynamic equilibrium. The disftillation
rate will €orsequently have an effect on measured vapour temperature, and thus this should be kept as
onstagtas possible throughout the test.

g \ \
9.42 In the context of this test method, “uniform average rate of condensation” has the fallowing
intention. Heating of the boiling flask shall be regulated to maintain as best as possible a uniform flow of
condensation, which will then provide the most desired precision for the test. However, some distillation
tests can have one or more short-term rates of condensation which deviate from the 4 ml/min to

5 ml/min indicated in 9.4 and Table 3, this is a common occurrence for some sample types.

The periods of these short-term deviations may last for several percent of material condensed until the
temperature slope regains constancy, and may occur at several periods along the entire condensation
range. These deviations will typically correct after the temperature slope again becomes constant.

These short-term deviations shall not occur over the entire range of condensation. Typically, these short-
term deviations should not occur for more than ten contiguous percent volume. The precision of the
temperature readings will be significantly affected during these periods. When the overall calculated
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average rate of condensation between 5 % recovered and 5 ml residue is within the prescribed rate, the
requirement of 9.4 and Table 3 is satisfied.

As example, those samples containing a 10 % ethanol-fuel blend or those that exhibit a significant

change

of temperature slope at points during the distillation can have a short-term rate of condensation

which deviates from the 4 ml/min to 5 ml/min indicated in 10.4 and Table 3.

NOTE

When testing group 1 or group 2 materials, the condensate can form non-miscible phases and bead

upon the thermometer and in the neck of the distillation flask at a vapour temperature of approximately 160 °C.

This is a

ccompanied by a sharp (approximately 3 °C) dip in vapour temperature and a drop in recovery rate. The

phenom
This poi

9.5 R
9.6 If

9.7 In
data ne

involved, or as previously established for the material under test. QO

These
percent

Record
nearest|

For gro
the init
15 %, 8
90 % in

For gro
reading
distillati
range t
test rep
indicatg

When r
sample
evaporsa
slope is
greater

C=

bnon can last for 10 s to 40 s, before the temperature recovers and the condensate starts flowing agam.
ht is referred to as the “hesitation point”. 7

~l\

bpeat any distillation that does not meet the conditions described in 9.1 to 9.4. C-N

0.\ ’

a decomposition point is observed, discontinue the heating and proceed as direﬁtﬁd in 9.10.
N\

Q ~
the interval between the initial boiling point and the end of the distillatioh; Bbserve and record
ressary for the calculation and reporting of the results of the test as requu,\ed by the specification

\“
bserved data may include thermometer readings at spec1f1~ed percentages recovered, of
hges recovered at specified thermometer readings. %7

’
-

all volumes in the receiving cylinder to the nearest 0,50m} and all thermometer readings to the¢
0,5°C. N

R
ips 1, 2, 3 and 4, in cases in which no specific data requirements have been indicated, record
al boiling point, the final boiling point or dry/psnt, or both, and thermometer readings at 5 %
G % and 95 % volume recovered, and at eacha0 % multiple of volume recovered from 10 % t
clusive. -\

lp 4, when the high-range thermometéf is used for testing kerosene, pertinent thermomete
s can be obscured by the centring device. If these readings are required, perform a secon
ion in accordance with the requuements of group 3. In such cases, readings from the low|
hermometer are reported in place of the obscured high-range thermometer readings, and th
ort shall so indicate. If, by agreement, the obscured readings are waived, the test report shal
this (see Clause 15).

<
pquired to report the'alermometer reading at a specified percent evaporated or recovered for {
which has a rapidlyalanging slope of the distillation curve in the region of the specified percen
ted or recovered reading, record thermometer readings at every 1 % (V/V) recovered. Thg
consideredr@pidly changing if the change in slope, C, of the data points in that particular area i$
than 0 6as calculated from Formula (1).

(To2 7;:) (T3-Ty)

Lo g

4

(1

(sz‘ﬁ) (13-1p)

where

T

T,

T3

18

is the thermometer reading at the volume percent recorded one reading prior to that in ques-
tion, expressed in degrees Celsius;

is the thermometer reading at the volume percent recorded in question, expressed in degrees
Celsius;

is the thermometer reading at the volume percent recorded following that in question, ex-
pressed in degrees Celsius;
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/7 is the volume percent recorded one reading prior to that in question;
V2  is the volume percent recorded in question;

V3 is the volume percent recorded following that in question.

9.8 When the residual liquid in the distillation flask is approximately 5 ml, make a final adjustment to
the heat. To determine when the residual liquid in the distillation flask is approximately 5 ml, subtract
the estimated loss from 93,5 ml and estimate the amount recovered in the receiving cylinder at that time.

he time from the 5 ml of liquid residue in the distillation flask to the final boiling poin#’shall be
ithin the limits specified in Table 3. If this condition is not satisfied, repeat the test, withiappyopriate
odification of the final heat adjustment. s

S

f the actual loss differs by more than 2 ml from the estimated value, repeat the testy)

ince it is extremely difficult to determine the amount of boiling residual ‘ﬁ?ﬁnd in the distillation

lask, this is estimated from the amount of liquid recovered in the recelvgng .cylinder at this tipne. The

ynamic hold-up has been determined to be approximately 1,5 ml at this peint, and thus with n¢ losses,

he amount of 5 ml in the distillation flask may be assumed to correspond to an amount of 935 ml in

he receiving cylinder. \%Z4
'~o

.9 Observe and record the final boiling point, or dry pomt or both, as required, and disdontinue

eating. %

&A

.10 Allow the distillate to continue to drain intotheweceiving cylinder, observe and note the|volume
f condensate, to the nearest 0,5 ml, at 2 min 1ntervals until two successive observations agree. Measure
his volume accurately, and record it, to the nearest 0,5 ml, as percent recovery. If the distillation was
reviously discontinued under the conditionsyef a decomposition point, deduct the percent recovery
rom 100, report this difference as percentesidue and loss, and omit the procedure described irf 9.11.

¥

.11 After the distillation flask has ce@led, and no more vapours are observed, disconnect the distillation
ask from the condenser, pour its{gbitents into the 5 ml residue cylinder (5.7.2), and with the disftillation
ask suspended over the 5 ml(resilue cylinder, allow the flask to drain until no appreciable incyease in
olume of the liquid in the 5ml Tesidue cylinder is observed. Record the volume in the residue ¢ylinder,
o the nearest 0,1 ml, as perceht residue.

or viscous residue, pour’/the contents into the 5 ml residue receiver while the flask is warm and allow
o cool. >\

<\

AUTION —If\ béllmg chips were added, care should be taken to avoid their inclusion|in this

olume. _o d
* N\

f the 5umbresidue cylinder does not have graduations below 1 ml, and the volume of liquid is l¢ss than

m};iprefill the residue cylinder with 1 ml of heavy oil to obtain a better reading of the volume of

Q§1‘

For group 4 products, examine the condenser arm and the side arm of the distillation flask for waxy
or solid deposits. If found, repeat the test, adjusting the temperature of the condenser bath upwards
within the range specified in Table 3.

9.12 If only the percent evaporated or percent recovered at a predetermined corrected thermometer
reading is required, the procedure shall be modified as described in Annex C.
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10 Procedure — Automated apparatus

10.1 Apply heat to the distillation flask (5.2) and contents. Ensure that the drip deflector tip is touching
the wall of the receiving cylinder. Regulate the heating (5.5) at this stage so that the time interval between
the first application of heat and the initial boiling point is as specified in Table 3.

10.2 Record the first drop of condensate as the initial boiling point to the nearest 0,1 °C.

10.3 Regulatetie heating o thatthe time fromr nittat boting poimtto 596 V/V ) Tecovered s as imdicate

in Tabld 3. N\~
Q

10.4 Continue to regulate the heating so that the uniform average rate of condensation from-5*% (V/V]

recovergd to 5 ml residue in the flask is 4 ml/min to 5 ml/min. RN\

=er

10.4.1 |Due to the configuration of the distillation flask and the conditions of the teét,\ﬁle vapour anc
liquid afound the temperature sensor (see 5.8) are not in thermodynamic equlllbrmm The distillatio
rate wg’t consequently have an effect on measured vapour temperature, and thusthis should be kept a
constanit as possible throughout the test. e

o\
\

1

10.4.2 [In the context of this test method, “uniform average rate of condensation” has the followin
intention. Heating of the boiling flask shall be regulated to maintaip-as®b€ést as possible a uniform flow o
condensgation, which will then provide the most desired precision forthe test. However, some distillatio
tests can have one or more short-term rates of condensatign“which deviate from the 4 ml/min t
5 ml/mjn indicated in 10.4 and Table 3, this is a common ocgu;}ence for some sample types.

"4
The petiods of these short-term deviations may last ocﬁéveral percent of material condensed untif
the tenjperature slope becomes constant again, andymay occur at several periods along the entirg
condengation range. These deviations will typicallyze eorrect after the temperature slope again becomes

constarft. These short-term deviations shall not oebtlr over the entire range of condensation.
¥

Typically, these short-term deviations shouid.not occur for more than ten contiguous percent volume.
The prekision of the temperature readingsswill be significantly affected during these periods. When th¢
overall falculated average rate of corfdén$ation between 5 % recovered and 5 ml residue is within th¢
prescribed rate, the requirement of. 30.4 and Table 3 is satisfied.

4

4

As exarpple, those samples containing a 10 % ethanol-fuel blend or those that exhibit a significanf
change pf temperature slopéat points during the distillation can have a short-term rate of condensation
which deviates from the A\ﬁﬁ‘/min to 5 ml/min indicated in 10.4 and Table 3.

NOTE When testingy group 1 or group 2 materials, the condensate can form non-miscible phases and beadl
upon thg thermometeflafid in the neck of the distillation flask at a vapour temperature of approximately 160 °d.
This is apcompanied\by a sharp (approximately 3 °C) dip in vapour temperature and a drop in recovery rate. Th¢
phenomenon cag<last for 10 s to 40 s, before the temperature recovers and the condensate starts flowing again.
This poiht isyreferred to as the “hesitation point”.

10-5 th}\,at Clll_y dlotl}laLlU I
10.6 If a decomposition point is observed, discontinue the heating and proceed as directed in 10.10.

10.7 Inthe interval between the initial boiling point and the end of the distillation, record data necessary
for the calculation and reporting of the results of the test as required by the specification involved, or as
previously established for the material under test.

These data may include vapour temperature readings at specified percentages recovered, or
percentages recovered at specified vapour temperature readings.
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Record all volumes in the receiving cylinder to the nearest 0,1 ml and all temperature readings to the
nearest 0,1 °C.

In cases in which no specific data requirements have been indicated, record the initial boiling point, the
final boiling point or dry point, or both, and thermometer readings at 5 %, 15 %, 85 % and 95 % volume
recovered, and at each 10 % multiple of volume recovered from 10 % to 90 % inclusive.

10.8 When the residual liquid in the distillation flask is approximately 5 ml, make the final adjustment
to the heat To determlne When the re51dua1 11qu1d in the dlstlllatlon flask is approx1mately 5 ml, subtract
~ at time.

9
he time from the 5 ml of liquid residue in the distillation flask to the final boiling {Q&nt shall be
vithin the limits specified in Table 3. If this condition is not satisfied, repeat the test, with appropriate

odification of the final heat adjustment.
.-\

f the actual loss differs by more than 2 ml from the estimated value, repeat the\tﬁst.

$ince it is extremely difficult to determine the amount of boiling re51du§1‘llqu1d in the distillation
lask, this is estimated from the amount of liquid recovered in the recel\‘mg cylinder at this time. The
dlynamic hold-up has been determined to be approximately 1,5 ml at,thisspoint, and thus with n¢ losses,
the amount of 5 ml in the distillation flask may be assumed to coipespond to an amount of 93,5 ml in
the receiving cylinder. "

4
'}

-

0.9 Record the final boiling point, or dry point, or both, as‘r'eiquired, and discontinue heating.

&A

0.10 Allow the distillate to continue to drain i o)he receiving cylinder, monitor the volume of
¢ondensate, to the nearest 0,1 ml, at 2 min intervals4ifitil two successive observations agree. Redord this
yolume to the nearest 0,1 ml, as percent recovery{\“

A\

0.11 After the distillation flask has cootedf-disconnect the distillation flask from the condenser, pour
s contents into the 5 ml residue cylihder (5.7.2), and with the distillation flask suspended ¢ver the
b ml residue cylinder, allow the flaskiteydrain until no appreciable increase in volume of the liquld in the
b ml residue cylinder is observed Measure and record the volume in the residue cylinder, to the|nearest
0,1 ml, as percent residue. ! y

or viscous residue, pour thecontents into the 5 ml residue receiver while the flask is warm and allow

AUTION — If bmh‘ng chlps were added, care should be taken to avoid their inclusion|in this
olume. N>

L

7

f the 5 ml res1d.ue cylinder does not have graduations below 1 ml, and the volume of liquid is l¢ss than
ml, prefl\ll the residue cylinder with 1 ml of heavy oil to obtain a better reading of the volume of
esiduel,iy”

A\ . . « e .
or/group 4 products, examine the condenser arm and the side arm of the distillation flask fpr waxy
prsolid deposits. If found, repeat the test, adjusting the temperature of the condenser bath ypwards
within the range specified in Table 3.

11 Calculations

11.1 The percent total recovery is the sum of the percent recovery (9.10 or 10.10) and the percent
residue (9.11 or 10.11). Deduct the percent total recovery from 100 to obtain the percent loss.
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11.2 Correct temperature readings to 101,3 kPa pressure. Obtain the correction, T¢, to be applied to
each temperature reading by means of the Sydney Young formula, see Formula (2) below, or by reference

to Table 4.
Tc =0,000 9(101,3-py )(273+T) (2)
where
Pk Asthe barometric pressure prevailing at the time and laocation of the test, expressed in
kilopascals; \
aN\g
T |is the observed temperature reading, expressed in degrees Celsius. j\
The abdolute value of the temperature correction is to be added to the recorded tempera\ ré reading
if the barometric pressure is less than 101,3 kPa; it is to be subtracted if the baromef¥ic pressure i$
greaterfthan 101,3 kPa. \\/
X
For absplute accuracy, observed barometric pressures should be corrected to 0 °C§nd standard gravityj,
to compensate for changes in the gravity of the earth with respect to latitude. Th}se compensations ar¢

small, ajnd would result in a further correction of less than 0,2 °C in boiling ppfnt in the most extremg

case. Unjless specifically requested, these compensations are not required.\/'
Temperpture readings are not corrected to 101,3 kPa when produc-t’ definitions, specifications, or
agreempnts between the parties involved indicate, specifically, that; such correction is not required, or
that conrection shall be made to some other base pressure. o,
After applying the corrections and rounding each result £o ith€ nearest 0,5 °C for manual apparatus of
0,1 °C fgr automated apparatus, use the corrected tempgrabure readings in all further calculations andl
reporting. )\
AN\
Table 4 — Approximate tempei‘a\iure sensor reading corrections
L
Temperature range Correction(/ Temperature range Correction
°C °C/kPA °C °C/kPa

10 to 29,5 ’0,27\ 210 to 229,5 0,45

30 to 49,5 20,29 230 to 249,5 0,48

50 to 69,5 2 031 250 to 269,5 0,49

70 to 89,5 O o032 270 to 289,5 0,51

90t0109,5  _eIN’ 0,35 290 t0 309,5 0,53

[10 to 129,5 <) 0,36 310 to 329,5 0,55

30 to 14‘2,5.‘ 0,38 330 to 349,5 0,57

|50 to,169,5 0,40 350 to 369,5 0,58

1 70:00.089,5 0,42 370 to 389,5 0,60

1900 209,5 0,44 390 to 410 0,62

11.3 Correct the actual loss to 101,3 kPa pressure when the temperature readings are corrected to
101,3 kPa pressure. Calculate the corrected loss, L, in percent volume, from Formula (3).

L

C

22

L-0,5

0,5+
1+(101,3-p)x0,125

(3)
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where

L isthe percent loss calculated from test data, expressed in percent volume;
P isthe observed barometric pressure, expressed in kilopascals.

NOTE Formula (3) has been derived from experimental data, which is referenced in ASTM D86-96 and later
editionsl[],

'

| 1.4 Calculate the corresponding corrected percent recovery, R, in percent volume, from @'rrﬁula 4.

R.=R+(L-L) ) (4)

yhere \\/

R isthe observed recovery, expressed in percent volume; \

.

L isthe observed percent loss, expressed in percent volumey” )

1

Lc isthe corrected percent loss, expressed in percent volue.
4
1.5 To report percentages evaporated at specified tempérdture readings, add the observed |percent
loss to each of the observed percentages recovered at{fle specified temperature readings, andl report
these results as the respective percentages evaporate;i, as seen in Formula (5).

"
P,=P.+L NS (5)

//)
Z

Wwhere w,
¢

P. is the percentage volume evaporated;
LR

P, is the percentage voluim&pecovered;

3
L  isthe observed percent loss, expressed in percent volume.

<
1.6 Manual percer‘lt\a/aporated procedure is as follows.

\
To report tempgr‘ajc\re readings at specified percentages evaporated, use either of the procedurgs given
lbelow, and indicate on the test report whether the graphical procedure or the arithmetical prpcedure

pecified
te each

(6)
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where

R  isthe percent volume recovered corresponding to the specified percent volume evaporated;
Ry is the percent volume recovered adjacent to, and higher than R;

R) isthe percent volume recovered adjacent to, and lower than R;

Th | is the temperature reading recorded at Ry, expressed in degrees Celsius; \

-

L)

—~

T) | is the temperature reading recorded at R}, expressed in degrees Celsius. ‘l\
e

Values gbtained by the arithmetical procedure are affected by the extent to which the distillation graphs
are nonflinear. Intervals between successive data points shall, at any stage of the test, bg?l\awider than
the intefvals indicated in 9.7. In no case shall a calculation be made that involves extr{pglétion.

S

11.6.2 [For the graphical procedure, use graph paper with uniform subdiyisions, plotting eac
thermofmeter reading, corrected for barometric pressure, if required (see 11.2),'against its correspondin
percent{volume recovered. Plot the initial boiling point at 0 % volume recev'eVed. Draw a smooth curv
connectiing the points. For each specified percent volume evaporated, @éduct the distillation loss, i
order td obtain the corresponding percent volume recovered, and take4som the graph the thermometef
reading| which this percent volume recovered indicates. Values pb:tai'ned by graphical interpolation
procedyres are affected by the care with which the plot is made/ N\

-

NOTE See Annex D for numerical examples illustrating thesgatithmetical procedures.

00}

o
11.7 The automated percent evaporated procedure i§ @s¥follows.
N

=\
Distillations carried out with automated instrumepi¥s which collect temperature-volume data and stor¢
them inl memory, require neither of the proceflures described in 11.6. Obtain the temperature directly
from thg database as that closest to and within 0,1 % (V/V) of the specified percent evaporated.

<

W"\

¢
)

12 Expression of results

N

12.1 Report the sampling procegure used.
P>y

12.2 Report all volume e‘r‘c\entages to the nearest 0,5 % (V/V) or 0,1 % (V/V), and all temperature

readingp to the nearesg@;5 °C or 0,1 °C, appropriate to the apparatus being used. The 0,5 % (V/V) andl

0,5 °C apply to the matural procedure, and the 0,1 % (V/V) and 0,1 °C apply to the automated procedure,

L]

14

* N\
12.3 Reportadgeference to manual or automated procedure, whichever was used.
N
12.4 U nle;s épecifically requested (see paragraph 5 in 11.2), temperature readings shall be corrected t¢
101,3 kPa barometric pressure before being reported. Wihen such spe [TaNngeImer Tave Deen made

report the observed values in accordance with the rounding rules described in 12.2, together with the
laboratory barometric pressure. In these cases, also report the residue and loss as “observed”.

12.5 For group 1, or any other material with a loss exceeding 2,0 % (V/V), report the relationship
between the temperature reading and the percent volume evaporated. For groups 2, 3 and 4 generally,
report the relationship between the temperature reading and the percent volume recovered. Clearly
identify which relationship is being used.

12.6 Report samples in groups 1 and 2 as “dried” if the default procedure described in 6.3.2 has been
carried out.
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12.7 Report the substitution of a low-range thermometer for the high-range thermometer, if the
conditions of 9.7 (paragraph 5) have been applied.

NOTE See Annex F for examples of reports.

13 Precision (Manual Apparatus)

13.1 General

The precision as determined by statistical examination according to ISO 4259-1[3] of inte.rlzljloratory
fest results on matrices of petrols, kerosenes and gas oils by manual procedures is givefsin 13.2 and
13.3, and factors and/or precision are indicated in Tables 6 and 7. Statements of bias are given ip 14.4.

To determine the precision of results other than the initial boiling point (IBP) and final boilipg point
FBP), it is generally necessary to determine the rate of change of temperature’at.that particuldr point.
This variable, AC/AV, is equal to the change in temperature per percent recoyekétf or evaporatedl, and is

alculated from Formula (7). NS
\ »
AC _Ty-T, e
AV VU - VL '“\ \J
yhere O
Ty 1isthe upper temperature, expressed in degreesCels'ius;
Ty isthe lower temperature, expressed in degﬁeeS.Celsius;
»
>
Vu is the percent volume recovered or eyaporated corresponding to Ty;

v
R
VL is the percent volume recoveredieir6vaporated corresponding to TT.

Table 5 gives the data points to be ysea' to determine the slope at specific percentages recovered or
¢vaporated. For samples in groupsls-the precision data reported are based on slope values calculated
from percent evaporated data~and for samples in groups 2, 3 and 4, the precision data reported are
Ibased on slope values calcula"ged from percent recovered data.

In the event that the final bo?ling point occurs prior to the 95 % (V/V) evaporated or recovered point,
the slope at the final bgili,ng point, if required, is calculated from Formula (8).
t

~N N
AC _ Tepp ~TnO (8)
AV Vegp =¥y

yvhere 5\

o

\T‘\ is the temperature, expressed in degrees Celsius;

=4 is the volume, expressed in percent volume;
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where the subscripts are

FBP is the final boiling point;

H is the highest volume reading, to the nearest 5 % (V//V), prior to the final boiling point.
Table 5 — Data points for determination of slope
Slope at, %| IBP 5 10 20 30 40 50 60 70 80 90 95 EBR))
Ty at, Pbo 0 0 5 10 20 30 40 50 60 70 80 90 \QS
Ty at,[% 5 10 20 30 40 50 60 70 80 90 90 95~ "VFBp
Vu-TL 5 10 15 20 20 20 20 20 20 20 10 | NS | Vrpp-95

13.2 Repeatability "o

13.2.1

apparatus under constant operating conditions on identical test material4yould in the long run, in th¢

normal

13.2.2

the sarﬂe apparatus under constant operating conditions on idergical test material would in the long run|,
0

in the
case in

13.3 Reproducibility N

13.3.1
operato
and cor

13.3.2

differenk operators working in differeiit laboratories on identical test material would in the long run, in th¢

Group 1. The difference between two test results obtained by the same,(}perator with the samg

and correct operation of the test method, exceed the values givenin“lldble 6 in only one case in 20}

@)

Groups 2, 3 and 4. The difference between two test results, (;bt;ined by the same operator with

rmal and correct operation of the test method, exc€etd.the values given in Table 7 in only on¢
0. N
"4
>\

L\

~\
X

4.\ »
Group 1. The difference between two’single and independent test results obtained by differeng
Irs working in different laboratories an-identical test material would in the long run, in the normal
Fect operation of the test method; q)gcééd the values given in Table 6 in only one case in 20.
\)
N
Groups 2, 3 and 4. The differetice between two single and independent test results obtained by

normal pnd correct operation of tbe test method, exceed the values given in Table 7 in only one case in 20.
O
N D Table 6 — Precision for group 1 (manual)
P¢rcentage evap‘grated Repeatability Reproducibility
% (¥LV) °C °C
IBP 3,3 5,6
W 5 ri+0,66 Ry +1,11
b 10 rq Rq
20 ri Ry
30to 70 r R
80 ri R1
90 ri R1-1,22
95 ri R1-094
FBP 39 7,2
NOTE ri,and Rp are variables, and each is a constant function of the slope, AC/AV, at each distillation point in question. The
values of these variables are calculated from the following formulae:
r1= 0,864 (AC/AV) + 1,214 Ry = 1,736 (AC/AV) + 1,994

26
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Table 7 — Precision for groups 2, 3 and 4 (manual)

Percentage recovered Repeatability Reproducibility
% (V/V) °C °C
IBP 0,35 (AC/AV) + 1,0 0,93 (AC/AV) + 2,8
5to 95 0,41 (AC/AV) + 1,0 1,33 (AC/AV) + 1,8
FBP 0,36 (AC/AV) + 0,7 0,42 (AC/AV) +3,1
% (V/V)atT°C 0,7 +0,92/(AC/AV) 1,5+ 1,78/(AC/AV)
OTE This table has been derived from the nomograph that represented this set of precision data in all previous|versions
f this document, and parallel standards published by other bodies. N 2
1\
. . e
4 Precision (automated apparatus) \\
4.1 General N\ (
X

he precision as determined by statistical examination according to IS 1212'59-1[3] of interlaboratory
est results on matrices of petrols, automotive engine ethanol fuels up t6/85 % (V//V) of ethanol, aviation
etrols, kerosenes, diesel fuels, diesel blends with FAME up to 30 %(’V/)V), heating oils, aviation|turbine
uels, petroleum spirits and marine fuels by automated procgdfmés is given in 14.2 and 14.3. The
eproducibility for certain specified distillation data has been gdlculated from subsets of specification
uels, this information is stated in C.1.5. ( ‘: 4
4
o determine the precision of results (groups 1, 2, and 3}/other than the initial boiling point (IBP) and
inal boiling point (FBP), it is generally necessary to et}rmine the rate of change of temperaturf at that
articular point. This variable, AC/AV, is equal tg thieschange in temperature per percent recoyered or
vaporated and is calculated from Formula (7) g\i‘(e\fl' in13.1.

N
OTE In the 2006 and 2010 interlaborat@ry®study the precision of materials meeting group 1,|2 and 3
onditions using automated apparatus were\determined to be statistically equivalent and were combjned in a
ingle statement. \

N

4.2 Repeatability l~""
% y
*
4.2.1 Group 1, 2 and 3. The'difference between two test results obtained by the same operator with
he same apparatus under'¢anstant operating conditions on identical test material would in the lpng run,

n the normal and copxeet operation of the test method, exceed the values given in Table 8 in gnly one

) "\
ase in 20. \

4.2.2 Group‘;l.» The difference between two test results obtained by the same operator with the same
pparatus{under constant operating conditions on identical test material would in the long ruf, in the
ormal/asid Correct operation of the test method, exceed the values given in Table 9 in only one cape in 20.

Vo

Qf}‘ Reproducibility

14.3.1 Group 1, 2 and 3. The difference between two single and independent test results obtained by
different operators working in different laboratories on identical test material would in the long run, in the
normal and correct operation of the test method, exceed the values given in Table 8 in only one case in 20.
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14.3.2 Group 4. The difference between two single and independent test results obtained by different
operators working in different laboratories on identical test material would in the long run, in the normal
and correct operation of the test method, exceed the values given in Table 9 in only one case in 20.

Table 8 — Precision for groups 1, 2, and 3 (automated)

Percentage evaporated Repeatability Reproducibility Valid range
% (V/V) °C °C °C
IBP 2.7 47 20t0 50
5 1,4 +2,8(0,43(AC/AV) +0,24) | 2,5+ 2,8(0,43(AC/AV) +0,24) 30 to 60,2

10 09 +2,8(0,43(AC/AV) +0,24) | 1,9 +2,8(0,43(AC/AV) + 0,24) 35 toﬁ-&\
20 09 +2,8(0,43(AC/AV) +0,24) | 2,0 +2,8(0,43(AC/AV) +0,24) 45-t5:70
30 0,8 +2,8(0,43(AC/AV) +0,24) | 1,8+ 2,8(0,43(AC/AV) +0,24) '.\Eo*to 85
40 0,9 +2,8(0,43(AC/AV) +0,24) | 2,0 +2,8(0,43(AC/AV) +0,24) N y 60 to 100
50 1,0 +2,8(0,43(AC/AV) +0,24) | 19 +2,8(0,43(AC/AV) + 0,24~ "~ 65t0115
60 1,1 +2,8(0,43(AC/AV) +0,24) | 2,0 +2,8(0,43(AC/AV) # 0‘24) 70 to 125
70 1,5+ 2,8(0,43(AC/AV) +0,24) | 2,1+ 2,8(0,43(AC/AVRE 0,24) 105 to 140
80 1,1 +2,8(0,43(AC/AV) +0,24) | 2,0+ 2,8(0,43(AC/A'Ij)/+ 0,24) 120 to 155
90 1,8 +2,8(0,43(AC/AV) +0,24) | 2,8+ 2,8(0,43(£'§/AV) +0,24) 145 to 175
95 2,0+2,8(0,43(AC/AV)+0,24) | 3,6+ 2,8(0,4'}3(A'C/AV) +0,24) 155 to 195
FBP 3,3 Y 71 175 to 260

Where (4

s'
Table 9 — Precision for, gli(ﬁl\}') 4 (automated)

\C/AV) is the slope or rate of change of temperature in degrees‘Cel;}lus calculated from 13.1 Formula (7).
S

Percentage recovered Repeatability R ;\ Reproducibility Valid range
% (V/V) °C v °C °C

IBP 0,018 T ~{J 0,055T 145 to 220

5 0,010 0,03 T 160 to 255

10 0,009 T 0,022T 160 to 265

20 0,007 28T 0,0208T 175 to 275

30 0,00582 T 0,0165T 185 to 285

40 .'\\ 0,005T 0,014 T 195 to 290

50 <N~ 1,0 3,0 170 to 295

60 (¢ .3:, 0,00357T 00117T 220 to 305

70 \4 0,00355T 0,0125T 230 to 315
80, 0,00377T 0,0136T 240 to 325
90 0,0041T 0,015T 180 to 340
595 0,013 18 (T - 140) 0,041 05 (T - 140) 260 to 360
FBP 2,2 71 195 to 365

Where Tis the temperature at the percentage recovered within valid range prescribed.

144 B

14.4.1

ias

Bias

Since there is no accepted reference material suitable for determining the bias for the procedure in
these test methods, bias has not been determined.
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An interlaboratory study conducted in 2003 using manual and automated apparatus has concluded that
there is no statistical evidence to suggest that there is a bias between manual and automated results.
See ASTM Research Report RR:D02-1580(2].

15 Test report

The test report shall contain at least the following information:

) areference to this document;

the type and complete identification of the product tested;

the result of the test (see Clause 12);

¢) the date of the test.
NOTE See Annex F for examples of reports.
) A Y
¥
5 \;-
""\
l\ ]
*
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) any deviation, by agreement or otherwise, from the procedure specified; \V
S

)
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Annex A
(normative)
Thermometer specifications
A1l Gleneral

Table AJ1 gives the specifications for the mercury-in-glass thermometers specified in 5.8.1.

Table A.1 — Thermometer specifications

Sl
¢
S

Low-range Hi ‘\ange
Range, {C -2 to 300 0400
Subdivikions, °C 1 e 1
Immersjion, mm Total \@, Total
Overallfength, mm 381 to 391 % 38110391
Stem dipmeter, mm 6to7 6to7
Bulb shape Cylindrical @ Cylindrical
Bulb lerjgth, mm 10 to 15 @ 10 to 15
Bulb digmeter, mm 5to6 % 5to6
Distancp of bottom of bulb to
— 0°Cline, mm IOOM 25to 45
— 300 °C line, mm 3330 354 —
— 400 °C line, mm N — 333 to 354
Longer |ines at each, °C O 5 5
Numbefting at each, °C . ("@J 10 10
Scale erjror, maximum °C &Y 0,5up to 300 1,0 up to 370
Maximym line width, mm - N 0,23 0,23
Expansjon chamber Requireda —

Heat stdbility

See cautionary note in 5.8.1

See cautionary note in 5.8.1

NOTE Thermometers

a  An dxpansion chaiilbe
is not fof the purpose\¢
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Annex B
(normative)

Determination of temperature-sensor lag times

.1 Temperature-sensor lag times N4

~l\
.1.1 General N

he response time of an electronic temperature-measurement device is inhere‘nﬁ-y more rapid than
that of a mercury-in-glass thermometer. The assembly in general use, consis 1Q'g of the sensor and its
¢asing, and/or an electronic system and its associated software, is demgne;i ch that the device will
simulate the temperature lag of the mercury-in-glass thermometer. \'.

J

NOTE1 AnnexE contains information on typical corrections. O
A k' g
NOTE 2  This Annex is under revision. Verification of the response tifhe of the electronic thermoreter by
lesting synthetic blends as reference fuels instead of direct compatigon of the electronic thermometer with the
mercury in glass thermometer, is being executed by ISO. Q.
4
NOTE3  The use and reliability of automated equipment fth electronic temperature measuring deyices has
been accepted for application by industry for over ten yeays. Manufacturers have developed reliable fesponse

lime algorithms (refer to manufacturer’s instructions fO{’Caflbratlon of temperature measurement systgms).
NS
.1.2 Determination W
N\g
.1.2.1 Select a sample of material with-known temperature properties representative of the groducts
ormally analysed, not a pure compoumd, nor any narrow range product, nor a synthetic blend of less
than five compounds. Ensure that the difference between 5 % (V/V) recovered and 95 % (V/V) recovered

s at least 100 °C. \)

NOTE The certified referenze fluids (8.2.4) are suitable.

.1.2.2 Carry out amatitomated distillation by the procedure described in this document, With the
¢lectronic tempera{k‘e-measurement device in place.

=

.1.2.3 Replage the electronic measurement device by the appropriate mercury-in-glass thernmjometer
and repeat’ the distillation, manually recording the thermometer readings at each percent recovery
pproprLate to the product as described in 9.7. See NOTES.

)

es. This
At

B.1.2.5 If the difference is larger than the test method repeatability, adjust the electronics of the
electronic measurement device, and repeat until a satisfactory agreement is obtained.
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Annex C
(normative)

Determination of specified distillation data

C.1 Specified distillation data N

~l\
C.1.1 |General N

Many specifications for petrol, kerosene, and gas oil require specific percentages ‘e?aporated or
recovergd, either as maxima, minima or ranges, at specified temperature readings. Thgq/are frequently

designated the terms “Exxx” or “Rxxx”. o
NOTE Typical specified temperatures are E70, E100 and E180 for petrols, R200 for kérosenes and R250 andl
R350 fo1f gas oils. O
A} \'JA

C.1.2 [Procedure X
C.1.2.1| From the observed barometric pressure, calculate the tef‘nperature readings equivalent t¢
those d¢sired, using the procedure given in 11.2. \ v

R
C.1.2.2| Carry out a distillation as described in Clause9,0r “Clause 10, but in the range approximately

10 °C below and 10 °C above the desired temperau)re reading calculated in C.1.2.1. Record th{

tempers3
recover

If the in

minimum of 2 ml of distillate has been reggvé?ed above the highest specified temperature.

C.1.3

To dete
the req
the arit

C.1.4 |Precision

The st3
specifig

carried|ou

equival

-

4

14

iture readings at intervals of 1 % (V/V) or.smaller. Observe and record the amount of distillat
bd closest to the exact temperature readifigaequired.

¥
tent of the distillation is only to determine Rxxx, the distillation may be discontinued after g

\)

N
Calculation "

N

‘mine the value of Exxx,-add the observed loss to the observed volume recovered at or around
lired corrected tempetrature reading. Obtain the value at the exact temperature, using eithef
hmetical or graphimi%l;ocedures described in 11.6.
tistical, detérmination of precision of specified distillation data for manual apparatus ang
d distillation points for automated apparatus, except for those in C.1.5, has not been directl}
~01 the basis of Exxx or Rxxx. However, this can be calculated on the basis that it i$

efLto the precision of temperature measurement divided by the rate of change of temperatur¢

=

<

measur

i 4] 1 A | ad Tl ] ) P ] 1 Lid o+ il
ATTITUVET SUS TITIT VUOTUTIIT T TLUOVET TU U1 TV ApPUT ATTU.TTITS ULATUUTATIUITN DUCTUTIITS TS S vaITu at TITgT

slope values. Formulae (C.1) and (C.2) describe this relationship:

rV=

RV:

32

r

AC | AV (C1)
R
AC | AV (€2)
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