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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
electrotechnical standardization.

The procedures u ] ] led ) 3
descrfbed in the [SO/IEC Directives, Part 1. In particular, the different approval criterian

Any t
const

rights. ISO shall not be held responsible for identifying any or all such patent righ
htent rights identified during the development of the document will be'in the Intrody
e [SO list of patent declarations received (see www.iso.org/patents).

Fade name used in this document is information given for the convenience of users
tute an endorsement.

For

expregssions related to conformity assessment, as well as information about ISO's adhg

Worl

Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT)

.org/iso/foreword.html.

This
and Iy

This f
revisq

[eIe]

ocument was prepared by Technical Cominittee ISO/TC 28, Petroleum and related p
bricants from natural or synthetic sourcés

ifth edition cancels and replaces tle fourth edition (ISO 3405:2011), which has bee
bd. The main changes compared ‘to/the previous edition are as follows:

Fhanol blends and to diesel-with up to 30 % (V/V) FAME specifically;

t

e procedure has been.aligned with ASTM D86[1] and ASTM International has grante

precision data on 5Yuly 2017;

update of the‘precision (for automated apparatus) for groups 1, 2, and 3, with the

precision gbtained from a 2010 Interlaboratory Study(2];

for T95,°group 4 now has a valid range of 260 °C to 360 °C and an updated precision, g

a|2006 Interlaboratory Study revealed the absence of some group 4 samples having a
ppint near 360 °C, as well final boiling points above;

intenance are

beded for the
nce with the

he subject of
ts. Details of
ction and/or

and does not

explanation of the voluntary nature of standards)the meaning of ISO specific terms and

rence to the
see WwWw.iso

roducts, fuels

n technically

ktension of the scope to incliide synthetic and biological products in general and autonjotive petrol-

d usage of its

slope-based

s areview of
final boiling

edition of this document;

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

the test report example in Annex F has been updated as group 0 is not addressed since the fourth

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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INT

ERNATIONAL 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
equipment. This document does not purport to address all the safety problems associated with

its use. It is the responsibility of users of this document to take appropriate measures to ensure
the s£fety and health of personnel prior to the application of the standard, and to determine the

appli

1

This
of lig

cability of any other restrictions for this purpose.

Sicope

locument specifies a laboratory method for the determination of the)distillation ch
t and middle distillates derived from petroleum and related prediicts of synthetic

origin} with initial boiling points above 0 °C and end-points below approximately 400 °C, ut

man

engi

typic

mar

NOT

mater|

The

biolog
fuels

stora
Limit

and

| or automated equipment. Light distillates are typically attomotive engine petro
ethanol fuel blends with up to 85 % (V//V) ethanol, and aviation petrol. Middle d
lly aviation turbine fuel, kerosene, diesel, diesel with . up to 30 % (V/V) FAME, bur
ine fuels that have no appreciable quantities of residua,
E For the purposes of this document, the term “%~(V/V)” is used to represent the volum|

jal.

dlistillation (volatility) characteristics of ‘hydrocarbons and related products of

rical origin have an important effect omtheir safety and performance, especially i
hnd solvents. The boiling range givesimportant information on composition and beha
be and use, and the rate of evaporation is an important factor in the application of m

liquid fuel specifications in order to control end-use performance and to regulate t

of vapours which may form explosive mixtures with air, or otherwise escape into the at

emisy

2
The

const|
undat

ISO9

ions (VOC).

N
fl

ormative references

bllowing dotuments are referred to in the text in such a way that some or all of
tutes requirements of this document. For dated references, only the edition cited
ed refererces, the latest edition of the referenced document (including any amendmg

| 8; Volatile organic liquids for industrial use — Determination of distillation characteris

aracteristics
or biological
ilizing either
, automotive
istillates are
ner fuel, and

e fraction of a

synthetic or
h the case of
viour during
Any solvents.

ng values to specified distillationtharacteristics are applied to most distillate petroleum product

he formation
imosphere as

their content
applies. For
ents) applies.

tics

ISO 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
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[EC 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.

3.2
dry point

thermomete
the lowest p
being disreg

Note 1 to entr
point can be

Also, it is sub
precision of tH

3.3
final boiling
end-point m3

Note 1 to entr]

3.4

Freading (corrected) that is observed at the instant the last drop of liquid evaporates
bint in the flask, any drops or film of liquid on the side of the flask or on the thermo
hirded

y: The end-point (final boiling point), rather than the dry point is intended for general use. T
eported in connection with special purpose naphthas, such as those used in.the paint ind
stituted for the end-point (final boiling point) whenever the sample is of'such a nature th
e end-point cannot consistently meet the precision requirements given ifi-Ctauses 13 or 14.

| point
ximum thermometer reading (corrected) obtained duringthe test

y: This usually occurs after evaporation of all liquid fromthe bottom of the flask.

initial boiling point

thermomete
from the low

3.5
percent eva
sum of the p¢

3.6
percent losg
calculated ar

Note 1 to entr
stages of the g

3.7
corrected Ig
percent loss

" reading (corrected) that is observed at theZnstant that the first drop of condensat
er end of the condenser tube

porated
brcent recovered and the percentloss

nount of uncondensed material

y: Sometimes called “front-end loss”; this is the amount of uncondensed material lost in the
istillation.

Ss
rorrected for barometric pressure

3.8

from
meter

he dry
ustry.
at the

b falls

initial

percent recovered
volume of condensate observed in the receiving cylinder at any point in the distillation, expressed as a
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

© ISO 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

3.13
temperature reading

offsefin temperature reading caused by the use of a total immersion mercurytin‘glass the
the pqrtial immersion mode

Note 1 to entry: The emergent part of the mercury column is at a lower temperdture than the imm
resulting in a lower temperature reading than that obtained when the thermometer was complet
for calibration.

3.15

temperature lag
offsetlin temperature reading between a mercury-in-glassthermometer and an electronic t
measfirement device, caused by the different responsetine of the systems involved

4 P

The dample is assigned into one of four,groups based on its composition and expect
characteristics, each group defining: the apparatus arrangement, condenser temp
opergtional variables. A 100 ml test{portion is distilled under the specified conditiong
to th¢ group into which the sample falls, and systematic observations of thermometer
volunpes of condensate recoverediare made. The volume of the residue in the flask is meas
loss gn distillation recordedsThe thermometer readings are corrected for barometric
the dpta are then used for-ealculations appropriate to the nature of the sample and the
requifements.

rinciple

5 Apparatus

5.1 |General

o 101,3 kPa

rmometer in

ersed portion,
ely immersed

emperature-

ed volatility
erature and
appropriate
Feadings and
ired, and the
ressure, and
specification

Typichl-assemblies of the manual apparatus are shown in Figures 1 and 2. In addition

to the basic

components described in Clause b, automated apparatus are equipped with a system to measure and
automatically record the vapour temperature and the associated recovered volume in the receiving
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
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5.2 Distillation 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 Typical types of condenser and cooling bath are illustrated in Figures 1 and 2.

Other types
to correlate Y
in Clauses 13

5.3.2 The ¢

with an outside diameter of 14 mm and a wall thickness of 0,8 mm to 0,9 mm.

NOTE Br

5.3.3 The

medium, wit
at the lower
to the vertic
suitable cont]

vith the results obtained with those illustrated, and to satisfy the precision ¢riteria
| or 14.

ondenser shall be made of seamless non-corrosive metal tubing, 560 mnv+ 5 mm in |

hss or stainless steel are suitable materials.

fondenser shall be set so that 393 mm * 3 mm of the tube’is in contact with the c
h 50 mm *+ 3 mm outside the cooling bath at the upper.end, and 114 mm * 3 mm o
end. The portion of tube projecting at the upper efid’shall be set at an angle of 75

inuous smooth curve. The average gradient shallkbe 15° + 1° with respect to the horiz

and no 100

the condens{;‘ tube shall be curved downward for a lefigth of 76 mm and the lower end cut off

acute angle.
cylinder. Figd

The flow of

drip-deflectd
tube curve s
25 mm to 32

5.3.4 The J

cooling capal
condenser pé

5.4 Metal

m section shall have a gradient outside a 15%% 3° range. The projecting lower port]

rovisions shall be made to enable the flow of distillate to run down the side of the rec
re 4 gives an illustration of the lower end of the condenser tube.

listillate down the side of the graduated cylinder can be accomplished either by u
r which is inserted in the receiver, or by having the downward length of the cond
ightly backwards so as to-€nsure contact with the wall of the receiving cylinder at a
mm below the top of the'receiving cylinder when it is in position to receive distillate

city of the bath(shall be adequate to maintain the required temperature for the d
rformance. A-single cooling bath may be used for several condenser tubes.

shield'or'enclosure for flask (manual apparatus only)

bf apparatus may be used, provided that the test results obtained by their use are SlIlCh as

given

ength,

boling

Itside
D i 30

hl. The portion of the tube inside the cooling bath’shall be either straight or bent in any

ontal,
ion of
at an
piving

5ing a
enser
point

folume and design‘ef the cooling bath will depend on the cooling medium employed. The

psired

Shields shall| bé ‘provided to protect the operator from damage from the unit during operatio
to protect thLMMUM&MEJMMmhﬂLaﬂMMmMﬂﬂmj

, and

i uring

operation, and be provided with at least one window to observe the dry point at the end of the

distillation.

NOTE 1
wide, made of

NOTE 2

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

made of sheet metal approximately 0,8 mm in thickness (see Figure 2).

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

A typical shield for a unit fitted with an electric heater would be 440 mm high, 200 mm long and
200 mm wide,

© ISO 2019 - All rights reserved
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o)
10

Key

1  copoling bath 7  thermometer

2 ajfrvents 8  bath cover

3  bprner 9  Dblotting paper

4  shield 10 support

5  hpat-resistant boards 11 graduated cylinder

6  djstillation flask 12 gasline

Figure 1 — Apparatus assembly using a gas burner

© IS0 2019 - All rights reserved 5
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14—

12
T F
13
| [
I & Qk/l
| /7 NN
L /lr—————-\\\/—"l
N1/ vy
©

Key

1 receiving cylinder

2 blotting paper

3 thermometer

4  distillation flask

5 flask-support board

6  electric heating element

10
11
12
13

T ©

flask-adjusting knob
indicating dial
switch

open bottom shield
cooling bath
condenser tube
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7  flask-support platform 14 shield
Figure 2 — Apparatus assembly using an electric heater

Dimensions in millimetres

2176 + 13 ]|
b
M m /
+ +
LN [¥g]
~ ~
m m
+ +
= ~~
o o
Key
1 1p/22neck or 19/26 neck
a  Rpinforcing bead.
b Flre polished.
Figure 3 — 125 ml flasks — Alternative neck designs

© IS0 2019 - All rights reserved 7
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Dimensions in millimetres

5.5 Heats

5.5.1 Gasl
time specifie
pressure gov

5.5.2 Elect
5.6 Flask
5.6.1 Type

type, 100 m
the outside

The flask suy
in thickness
support boat
the central g

Figure 4 — Lower end of condenser tube

ource(s)

purner (see Figure 1), capable of bringing over the first drop from a cold start with
d, and continuing the distillation at the spécified rate. A sensitive regulating valve ar
ernor to give complete control of heating shall be provided.

ric heater (see Figure 2), of low/heat retention and adjustable from 0 W to 1 000 W.
support

1 for use with gas burner (see Figure 1). Either a ring support of the ordinary labo}
or larger in diaméter, supported on a stand inside the shield, or a platform adjustable
the shield shall‘be used.

port board-shall be constructed of ceramic or other heat-resistant material, 3 mm to
and shall have a central opening conforming to the dimensions given in Table 2. The
d shallbe of sufficient dimension to ensure that thermal heat to the flask only comes
peninig and that extraneous heat to the flask other than through the central ope

minimized. |

i
[he) flask-support board may be moved slightly in accordance with the directi(ﬂx

in the
d gas

fatory

from

6 mm

flask
from
ng is
s for

positioning the distillation flask so that direct heat is applied to the flask only through the opening
in this board. The position of the flask is set by adjusting the length of the side-arm inserted into the

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 mounted on this support. Provision shall be made for moving the upper (flask-support) board
slightly 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

Ve

_\

3

100

90

80

10

60

254 £ 6

50

190,5 + 12,5

40

30

L)

m
L

\
\
\
I
I
I
I
|
/
/
/

Key

1 fike polished top end

Figure 5 — 100 ml receiving cylinder (tolerance * 1,0 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 exposed to observed temperature readings above 370 °C, they shall not be re-used without
checking their ice point to verify calibration.

5.8.2 Elect
lag, emergen

To simulate t
used for the

Alternatively
adjusted the
thermomete

In case of di
mercury-in-g

When itis re
and mercury

NOTE Th

5.9 Centr

The tempera
the sensor i
rubber stopy
acceptable c4

When runnit
more tempel

Centring dev
temperature

5.10 Baron

ronic temperature-measurement devices, if used, shall exhibit the same tempel
[ stem effect and accuracy as the equivalent mercury-in-glass thermometer.

he temperature lag of a mercury-in-glass thermometer, the circuitry and forthe algor
blectronic system shall take this fact into account.

, place the sensor in a casing with the tip covered, so that the-assembly, because
'mal mass and conductivity, has a temperature lag time similarte that of mercury-in
S.

spute, unless otherwise agreed, the referee test shall be carried out using the spe
lass thermometers.

guired to determine the difference in lag time between an electronic measurement s}
-in-glass thermometers Annex B shall be used.

e lag time difference determination is more applicable for equipment manufacturers.

ng device

the neck of the distillatiomflask without vapour leakage. The use of a cork or si
er with a hole drilled through the centre is not acceptable for this purpose. Examp
ntring devices are shownyin Figures 6 and 7.

g tests by the manual method, products with a low initial boiling point can have
ature readings ebscured by the centring device.

ices not shown'in Figures 6 and 7 are also acceptable provided they position and ho
sensor in-thie middle of the neck of the distillation flask.

neter

fature

ithms

of its
Lglass

cified

ystem

ure sensor shall be fitted through/a snug-fitting device designed for mechanically centring

icone
les of

ne or

Id the

The barome

ter shall be capable of measuring atmospheric pressure with an accuracy of 0,11

Pa or

better, at the same elevation relative to sea level as the apparatus in the laboratory. Do not take readings
from aneroid barometers that are pre-corrected to give sea level pressures.

The barometer should ideally be located in the room in which the distillation is carried out.

10
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TN

/
e

'EJ_'_L

1:10°¢

)i

7

ISO 3405:2019(E)

ring

frewcap.

nurled knob.

bne male NS 19/26.

Figure 6 — PTFE centring device/for ground-glass joint
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[\
5909090999 6
3RRXKI :
5909690 %%%%
0‘0.0.0‘0.0.0.
0.0.0.0.0‘0.0.
$9.0.0,0.0.0.0.
$9:0:9:9.9.9.%,
RIS /) / y
% A

R

NN
PR S
L4

Key
1 single O-1fing Viton or perfluoro elastomer a  Cone-shaped for perfect centring in neck of
2 compresgion nut (PTFE) distitlation flask.
3 PTFE body b_“Drilled out to fit Pt 100 probe.
4 double O{rings Viton or perfluoro elastomer 6.~ Compression without O-ring.
5 compresgion O-ring d  Threads.
6  compresdion nut e Internal diameter of flask to be precision bore
7  thermomgpter or Pt 100 probe
8  neck of distilling flask

Higure 7 — Two illuStrative centring device designs for straight-bore neck

6 Samples and sampling

6.1 Sample grouping

Determine the nature of the product to be sampled and place it in the appropriate group according to
Table 1, which also gives general guidance on sampling conditions.

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.

12 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=b0b4d7712ed74d4c7cb9c68dd8bda526

ISO 3405:2019(E)

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
temperature up to 20 °C is acceptable provided that the sample is always conditioned to a temperature
below 10 °C before the container is opened.

6.2.3| Groups 3 and 4

Maintain the sample at ambient temperature. If the sample is not fluid at ambient femperature,
maintain it at a temperature of 9 °C to 21 °C above its pour point. Shake the sample vigprously prior
to sulbsampling to ensure homogeneity, and disregard the temperature range.shown in Table 2 for the
receiying cylinder. Prior to analysis, heat the receiving cylinder to approximately the samejtemperature
as thg sample, and pour the heated test portion precisely to the 100 ml ‘mark. Transfer the test portion
as rapidly and completely as possible to the distillation flask.

CAUTION — A tightly-sealed, full, cold container of sample is-likely to break if heated.

Table 1 — Sample groups and sampling conditions

Group number 1 2 3 4

Typicpl sample type Gasoline Gasbline Wide-cut Kdrosene/
aviation fuel bas oil

Vapoyir pressure >65,5 <65,5 <65,5 <65,5

(DVPE), kPa

Initia] boiling point — — <100 >100

(IBP)|°C

Final[boiling point <250 <250 >250 >250

(FBP], °C

Templerature of sample <10 — — —

bottl¢, °C

Templerature of sample <10 <10 Ambienta Ambienta

at sarppling, °C

Temperature of stozed <10b <10b Ambient Ambient

sample, °C

If sanpple is wet Resample or dry Resample or dry Dry Dry

(Refefence) (6.3.2) (6.3.2) (6.3.3) 6.3.3)

a  Sgmples shall always be at 9 °C to 21 °C above their pour point if not fluid at ambient temperature.

b When no facilities available for storage below 10 °C, the sample may be stored below 20 °C provided the container is

tightly 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 Groups1and 2

If the sample is not dry, obtain another sample for testing that is free from suspended water. If such
a sample 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 the sample shows no visible signs of water, use a decanted portion of the sample, maintained at

0°Cto 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 above procedure without statistically affecting the results of the test.

6.3.3 Groy

2 axnd Al
J 1IIu T

In cases whe
with anhydn
agent by dec

7 Prepar

7.1 Refer

temperature
heating is us
(5.6.2). Bring
bath to the in

7.2 Make 3
will be main
such that eit]

Ps

'e a water-free sample is not practical, remove the suspended water by shakingcthe s
pus sodium sulphate or another suitable drying agent, and separate it from/|the d
hntation.

ation of apparatus

o Table 2 and prepare the apparatus by choosing the appropriate distillation
measurement system and flask-support board as directedfor the indicated group.
ed, use a Type 1 flask-support (5.6.1); if electric heating is’used, use a Type 2 flask-su
the temperature of the receiving cylinder, the flask, thé:temperature sensor and the ¢
dicated temperature.

ny necessary provisions so that the temperatute of the cooling bath and receiving cy
ained at their specified temperatures. Theteceiving cylinder shall be positioned in 4

surrounded by an air-circulation chamber.

For groups 1
refrigerated

For group 4,
and heated e

7.3 Remov
attached to a

, 2 and 3, use suitable media for Jow temperature baths such as chopped ice and Y
brine and refrigerated ethylene glycol.

1se suitable media for ambient and higher bath temperatures such as cold water, hot
thylene glycol.

e any residual liguid-in the condenser tube by swabbing with a piece of soft, lint-free
cord or wire.

hmple
rying

flask,
If gas

pport
boling

inder
. bath

ner the liquid level is at least as high as the*100 ml mark, or the entire receiving cylinder is

vater,

water

cloth

7.4 For sa(Tples in groups 1, 2 and 3, fit a low-range temperature sensor, provided with a snug-fitting
cork or silicgne rubber’stopper, tightly into the neck of the sample container, and bring the temperature
of the sample¢ to.that specified in Table 2.

Table 2 — Preparation of apparatus
Group number 1 2 3 4
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 13to 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.

NOTE 2  Although theoretically the volume of deposit on the chips is part of the residue, this amount is
negligfible and can be disregarded.

7.6 |Fit the appropriate temperature sensor through a centring device (5.9). In the)case ¢f a mercury-
in-glass thermometer, the bulb is centred in the neck and the lower end of thefeapillary|is level with
the hlghest point on the bottom of the inner wall of the vapour tube (see Figure 8). In the case of a
thernmpocouple/resistance thermometer, follow the manufacturer’s instructions as to placement so that
the sdnsing position will be just below the level of the side arm of the distillation flask.

Use al small quantity of vacuum grease on the mating surface of the \polytetrafluoroethylene (PTFE)
centring device to facilitate dismantling after use.

T~ T~ T~
S o S
—-—+4 - — =4 - — -4 -’——
[l — 1 —_ 1/ [l —_ 1

Figure 8 — Position of thermometer in distillation flask neck

7.7 |Fitthe flask vapour tube, provided with a snug-fitting, well-rolled cork or silicone rupber stopper,
tightly into the condenser tube. Adjust the distillation flask in a vertical position so that thd vapour tube
extends into the condenser tube for a distance of 25 mm to 50 mm. Raise and adjust the flask-support
board to fit snugly against the bottom 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 ml and 100 ml of material respectively.

8.2 Electrjonic temperature-measurement devices

8.2.1 \Verif]cation of the calibration of these temperature sensors shall be carried out’at intervals of
not more than 6 months. The electronic circuit for resistance thermometers shall be<verified against
a standard grecision resistance. When performing this verification, ensure that-any algorithmg used
to correct thie temperature for lag and emergent stem effect are not applied (se€ the manufacturer’s
instructions)l The response of the temperature-measurement system itself shall'be verified by one of the
procedures described in 8.2.2 or 8.2.3 or 8.2.4.

8.2.2 Disti] reagent grade toluene in accordance with ISO 918 and d€termine whether the 50 %|(V/V)
recovered tenperature is within the following temperature range, Use reagent grade toluene for thjs test
unless it can [be shown that the grade proposed is of sufficient purity to permit its use without lesdening
the accuracy|of the determination.

Toluene is uped as a verification fluid for bias; it will (yjeld almost no information on how well an
electronic measurement system simulates the temperature lag of a mercury-in-glass thermometer.
Annex B des¢ribes a method to determine this difference in lag time.

To verify the|response at elevated temperatures,dse hexadecane.

NOTE1 Toluene is shown in reference manuals as boiling at 110,6 °C, and hexadecane at 287,0 °C, under the
conditions of [SO 918, which uses a partialiimmersion thermometer. Because this document uses thermorheters
calibrated for(total immersion, the resultsswill be lower, and different for each. The approximate values obfained
from an interlpboratory study are shown-below:

Manual apparatus Automated apparatus
Toluene (group 1,2,3) 1059 °Cto 111,8 °C 108,5 °Cto 109,7 °C
Hexadecane [group.4) 272,2°Cto 283,1°C 277,0 °C to 280,0 °C

8.2.3 Distil &reference fluid of a specific product group, under the conditions of this document,|using
in sequence, theappropriate mercury-irr-gass—thermometer followed by theattermative temperature-
measurement device or system. 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.

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 distillation flask (5.2) and contents, with the drip tip of the condenser (see 5.3)
away from the wall of the receiving cylinder (5.7.1) allowing observation for the first condensation.
Regulate the heating (5.5) at this stage so that the time interval between the first application of heat and
the inftiatboiting pointisasspecified i TablieS:

9.2 |Observe and record the first drop of condensate as the initial boiling point tojthe nearest 0,5 °C.
If a rq¢ceiver deflector is not being used, immediately move the receiving cylindet-so that the tip of the
condgnser touches the inner wall.

Table 3 — Conditions during test procedure

Group number 1 2 3 4
Templerature of condenser bath, ° C Oto1l 0to5 Oto5 0to 60
Templerature of medium around re- 13 to 18 13 t6A8 13to 18 #3 of charge
ceiving cylinder, ° C
Time[from first heat to IBP, min 5to 10 5to 10 5to 10 5to 15
Time[from IBP to 5 % (V/V) recovered, 60 to 100 60 to 100 — —

s

Uniform average rate of condensation 4to5 4to5 4to5 4to5
fromp % (V/V) recovered to 5 ml in

flask{ml/min

Time[from 5 ml residue in flask to <5 <5 <5 <5
FBP, min

9.3 |[Regulate the heating so thatjthe time from initial boiling point to 5 % (V/V) recovered i§ as indicated
in Tafle 3.

9.4 |Continue to regulate’the heating so that the uniform average rate of condensation frqm 5 % (V/V)
recovered to 5 ml residue in the flask is 4 ml/min to 5 ml/min.

9.4.1| Due to(the configuration of the distillation flask and the conditions of the test, th¢ vapour and
liquid arournd-the temperature sensor (see 5.8) are not in thermodynamic equilibrium. The distillation
rate will.consequently have an effect on measured vapour temperature, and thus this should be kept as
consthfitas possible throughout the test.

9.4.2 In the context of this test method, “uniform average rate of condensation” has the following
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 accompanied by a sharp (approximately 3 °C) dip in vapour temperature and a drop in recovery rate. The
phenomenon can last for 10 s to 40 s, before the temperature recovers and the condensate starts flowing again.

This point is referred to as the “hesitation point”.

9.5 Repeat

9.6 Ifaded

9.7 In the
data necessa
involved, or &

These obser]
percentages

Record all vd
nearest 0,5 °

For groups 1

the initial bdjiling point, the final boiling point or dry peint, or both, and thermometer readings a

15 %, 85 % {
90 % inclusiy

For group 4,
readings car
distillation i
range therm|
test report s
indicate this
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greater than

any distillation that does not meet the conditions described in 9.1 to 9.4.

nterval between the initial boiling point and the end of the distillatign) observe and 1
ry for the calculation and reporting of the results of the test as requtifed by the specifi
s previously established for the material under test.

ved data may include thermometer readings at specified percentages recovere
recovered at specified thermometer readings.

lumes in the receiving cylinder to the nearest 0,5 mliand all thermometer readings

I~
b .

, 2, 3 and 4, in cases in which no specific data‘requirements have been indicated, 1

ind 95 % volume recovered, and at each~10 % multiple of volume recovered from 1(
e.

when the high-range thermomeéter is used for testing kerosene, pertinent thermo
be obscured by the centring device. If these readings are required, perform a s
h accordance with the requirements of group 3. In such cases, readings from the
pmeter are reported inplace of the obscured high-range thermometer readings, af
hall so indicate. If, by-agreement, the obscured readings are waived, the test report
(see Clause 15).

ed to report thesthermometer reading at a specified percent evaporated or recoverec
h has a rapidly-changing slope of the distillation curve in the region of the specified p¢

deredrapidly changing if the change in slope, C, of the data points in that particular 3
0,6,aScalculated from Formula (1).

omposition point is observed, discontinue the heating and proceed as directed in 9.10.
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M

is the thermometer reading at the volume percent recorded one reading prior to that in ques-

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

is the thermometer reading at the volume percent recorded following that in question, ex-
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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.

The time from the 5 ml of liquid residue in the distillation flask to the final boiling point shall be

withi
modi

If the

Since
flask,
dyna
the a
the re

9.9

b

1 the ITmIts speciiied in Iable 3. IT this condition Is Not satisiied, repeat the test, Wikl
ication of the final heat adjustment.

actual loss differs by more than 2 ml from the estimated value, repeat the test.

it is extremely difficult to determine the amount of boiling residual, liquid in th
this is estimated from the amount of liquid recovered in the receiving cylinder at t
ic hold-up has been determined to be approximately 1,5 ml at this’peint, and thus w
ount of 5 ml in the distillation flask may be assumed to correspond to an amount
ceiving cylinder.

Observe and record the final boiling point, or dry poifit, or both, as required, and

heating.

9.10
of cor
this v
previ
from

9,11
flask
flask

Allow the distillate to continue to drain into the'receiving cylinder, observe and not
densate, to the nearest 0,5 ml, at 2 min intervals until two successive observations ag
olume accurately, and record it, to the nedr€st 0,5 ml, as percent recovery. If the dis
usly discontinued under the conditions, of a decomposition point, deduct the perd
100, report this difference as percent residue and loss, and omit the procedure descril

appropriate

b distillation
his time. The
ith no losses,
of 93,5 ml in

discontinue

e the volume
ree. Measure
tillation was
ent recovery
edin9.11.

After the distillation flask has coeléd, and no more vapours are observed, disconnect the distillation

rom the condenser, pour its centents into the 5 ml residue cylinder (5.7.2), and with t}
suspended over the 5 ml residue cylinder, allow the flask to drain until no appreciab

volunpe of the liquid in the 5 mlresidue cylinder is observed. Record the volume in the res

to the

nearest 0,1 ml, as pefcent residue.

1e distillation
e increase in
due cylinder,

For viscous residue, pour the contents into the 5 ml residue receiver while the flask is warm and allow
to coql.

CAUTION — H-hoiling chips were added, care should be taken to avoid their inclysion in this
volurhe.

If the|5-mMresidue cylinder does not have graduations below 1 ml, and the volume of liquid is less than
1 ml, lprefill the residue cylinder with 1 ml of heavy oil to obtaina better reading of the volume of
residue.

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

in Table 3.

10.4 Contin
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those samples containing a 10 % ethanol-fuel blend or those that exhibit a signi
hperature slope atpoints during the distillation can have a short-term rate of conden
es from the 4.ml/min to 5 ml/min indicated in 10.4 and Table 3.

When testing-group 1 or group 2 materials, the condensate can form non-miscible phases an
mometerdnd in the neck of the distillation flask at a vapour temperature of approximately 160 °C.
panied’by a sharp (approximately 3 °C) dip in vapour temperature and a drop in recovery rafe. The

(v/v)

r and
lation
bpt as

bwing
ow of
lation
hin to

until
bntire
omes

lume.
bn the
in the

ficant
tation

bead

Fan last for 10 s to 40 s, before the temperature recovers and the condensate starts flowinglagain.

This pointisr

ferred to as the “hesitation point”

10.5 Repeat any distillation that does not meet the conditions described in 10.1 to 10.4.

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 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.

The t.lllC fl Ulll thc S lll} Uf ]l;l,lu;d 1ca;duc ;ll thC d;at;}}at;uu lc]lClD}\ tU thc fiua} bui};us lJ int Shall be
withip the limits specified in Table 3. If this condition is not satisfied, repeat the test, with appropriate
modification of the final heat adjustment.

If thel|actual loss differs by more than 2 ml from the estimated value, repeat thetést.

Since|it is extremely difficult to determine the amount of boiling residual-liquid in the distillation
flask,|this is estimated from the amount of liquid recovered in the receiving cylinder at this time. The
dynainic hold-up has been determined to be approximately 1,5 ml at this-point, and thus wjith no losses,
the aI‘llount of 5 ml in the distillation flask may be assumed to correspond to an amount |of 93,5 ml in
the rgceiving cylinder.

10.9 [Record the final boiling point, or dry point, or both, as ¥equired, and discontinue heatjng.

10.1Q Allow the distillate to continue to drain into(the receiving cylinder, monitor the volume of
condgnsate, to the nearest 0,1 ml, at 2 min intervalsuntil two successive observations agre¢. Record this
volunpe to the nearest 0,1 ml, as percent recovery,.

10.11 After the distillation flask has cooled,-disconnect the distillation flask from the corldenser, pour
its coptents into the 5 ml residue cylinder (5.7.2), and with the distillation flask suspended over the
5 ml gesidue cylinder, allow the flask to drain until no appreciable increase in volume of th¢ liquid in the
5 ml fesidue cylinder is observed. Méasure and record the volume in the residue cylinder, tp the nearest
0,1 m|, as percent residue.

For viscous residue, pour the'eontents into the 5 ml residue receiver while the flask is warm and allow
to coql.

CAUTION — If boiling’ chips were added, care should be taken to avoid their inclysion in this
volume.

If the|5 ml residiie cylinder does not have graduations below 1 ml, and the volume of liquid is less than
1 ml,|prefill the residue cylinder with 1 ml of heavy oil to obtain a better reading of the volume of
residye.

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.

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)

where

pk is the barometric pressure prevailing at the time and location of the test, expressed in
kilopascals;

T

The absolute
if the barom

greater than

For absolute
to compensa

small, and w

case. Unless

Temperaturg

agreements
that correcti

After applyi
0,1 °C for au
reporting.

is the observed temperature reading, expressed in degrees Celsius.

(2)

value of the temperature correction is to be added to the recorded temperature re
etric pressure is less than 101,3 kPa; it is to be subtracted if the baromet¥ic press
101,3 kPa.

pccuracy, observed barometric pressures should be corrected to 0 °Gand standard gy
Le for changes in the gravity of the earth with respect to latitude. These compensatio
puld result in a further correction of less than 0,2 °C in boiling point in the most ex
specifically requested, these compensations are not required,

readings are not corrected to 101,3 kPa when product”definitions, specificatio
between the parties involved indicate, specifically, thatisuch correction is not requir
bn shall be made to some other base pressure.

g the corrections and rounding each result to,the nearest 0,5 °C for manual appara
omated apparatus, use the corrected temperature readings in all further calculatior

Table 4 — Approximate tempeérature sensor reading corrections

ading
ure is

avity,
S are
freme

NS, or
ed, or

us or
s and

Temperature range Correction Temperature range Correction
°C °C/kRa °C °C/kPa
10td 29,5 0,27 210 to 229,5 0,45
30td 49,5 0,29 230 to 249,5 0,48
50 td 69,5 0,31 250 to 269,5 0,49
70 td 89,5 0,32 270 to 289,5 0,51
90 to[109,5 0,35 290 to 309,5 0,53
110td 129,5 0,36 310 to 329,5 0,55
130 tq 149,5 0,38 330 to 349,5 0,57
150 tq 169,5 0,40 350 to 369,5 0,58
170 to I89,5 0,42 5/010 389,5 0,60
190 to 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 pr

L

C

22

0,5+

essure. Calculate the corrected loss, L, in percent volume, from Formula (3).

L-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
editionslll],

11.4 Calculate the r‘nrrncpnndino caorrected percentrecovery R in percent volume from Formula (4).
5 e y ~

R =R+(L-L) 4)

wher¢

R isthe observed recovery, expressed in percent volume;
L| isthe observed percent loss, expressed in percent volume;

L. isthe corrected percent loss, expressed in percent volume.

11.5 [To report percentages evaporated at specified température readings, add the obsefved percent
loss tp each of the observed percentages recovered at the'specified temperature readingp, and report
these|results as the respective percentages evaporated,‘as seen in Formula (5).

PL=P.+L (5)
where

P is the percentage volume evaperated;
P} is the percentage volume recovered;

L| isthe observed pereent loss, expressed in percent volume.

11.6 |Manual percent'evaporated procedure is as follows.

To report temperature readings at specified percentages evaporated, use either of the prodedures given
below, and indicate on the test report whether the graphical procedure or the arithmetical procedure

ch specified
percentage evaporated in order to obtain the corresponding percentages recovered. Calculate each
required temperature reading, T, in degrees Celsius, using Formula (6).

(Ty =T1)(R-Ry)

T:Tl +
Ry, —R

(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 isthe temperature reading recorded at Ry, expressed in degrees Celsius;
T, isthe temperature reading recorded at R}, expressed in degrees Celsius.

Values obtai
are non-lined
the intervals

11.6.2 For

thermometel
percent volu
connecting t
order to obtd
reading whi

procedures gre affected by the care with which the plot is made.

NOTE Se

11.7 The au

Distillations
them in men|
from the dat

12 Expres
12.1 Report

12.2 Report
readings to

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

12.3 Report

|

fomated percent evaporated procedure is as\follows.

ed by the arithmetical procedure are affected by the extent to which the distillation g
r. Intervals between successive data points shall, at any stage of the test, be;io"wide
indicated in 9.7. In no case shall a calculation be made that involves extrapolation.

the graphical procedure, use graph paper with uniform subdivisions, plotting

me recovered. Plot the initial boiling point at 0 % volume recovered. Draw a smooth
he points. For each specified percent volume evaporated, educt the distillation 1g
in the corresponding percent volume recovered, and takesfrom the graph the thermo
th this percent volume recovered indicates. Values obtained by graphical interpo

b Annex D for numerical examples illustrating these akithmetical procedures.

carried out with automated instruments which collect temperature-volume data and
ory, require neither of the procedufes described in 11.6. Obtain the temperature di
hbase as that closest to and withing0,1 % (V/V) of the specified percent evaporated.

sion of results
the sampling procediire used.

all volume pereentages to the nearest 0,5 % (V/V) or 0,1 % (V/V), and all tempel
he nearest9,5 °C or 0,1 °C, appropriate to the apparatus being used. The 0,5 % (V/1

areference to manual or automated procedure, whichever was used.

raphs
" than

each

reading, corrected for barometric pressure, if required (see 11.2),'agdinst its corresponding

curve
Ss, in
meter

lation

store
rectly

fature
) and
dure.

12.4 Unless specifically requested (see paragraph 5 in 11.2), temperature readings shall be corrected to
101,3 kPa barometric pressure before being reported. When such special arrangements have been 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 interlaboratory

test resules—e 3 ofpetrols; 6 and-gas-oHs-by-mantal-procedt given in 13.2 and
13.3, hnd factors and/or precision are indicated in Tables 6 and 7. Statements of bias azé-given in 14.4.
To determine the precision of results other than the initial boiling point (IBP) and|final poiling point
(FBP), it is generally necessary to determine the rate of change of temperature at'that parficular point.
This yariable, AC/AV, is equal to the change in temperature per percent recovered or evapgrated, and is
calculated from Formula (7).

AC _Ty-Ty

e (7)

Ay vy -V,
whereg

Ty isthe upper temperature, expressed in degrees Celsius;

Tj, isthe lower temperature, expressed in degrées Celsius;

Wy is the percent volume recovered or evaporated corresponding to Ty;

. is the percent volume recovered or evaporated corresponding to T1..
Table|5 gives the data points to be used'to determine the slope at specific percentages fecovered or
evapqrated. For samples in group 1; the precision data reported are based on slope valugs calculated
from [percent evaporated data, and-for samples in groups 2, 3 and 4, the precision data feported are
based on slope values calculated from percent recovered data.
In thg event that the final(boiling point occurs prior to the 95 % (V/V) evaporated or recpvered point,
the slppe at the final boiling point, if required, is calculated from Formula (8).

AC Tpgp—Ty

45 _ JFBP ” 4 (8)
whereg

T is the temperature, expressedin degrees Celsius;

%4 is the volume, expressed in percent volume;
© IS0 2019 - All rights reserved 25


https://standardsiso.com/api/?name=b0b4d7712ed74d4c7cb9c68dd8bda526

ISO 3405:2019(E)

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 80 920 95 FBP
TL at, % 0 0 5 10 20 30 710 50 50 70 80 90 95
Ty at, % 5 10 20 30 40 50 60 70 80 90 90 95 VrBp
Vy-1, 5 10 15 20 20 20 20 20 20 20 10 5,7 | Vegp-95

13.2 Repedtability

13.2.1 Group 1. The difference between two test results obtained by the same operator with the
apparatus urjder constant operating conditions on identical test material weuld in the long run,
normal and dorrect operation of the test method, exceed the values given if/Table 6 in only one case

13.2.2 Groups 2, 3 and 4. The difference between two test resultsiobtained by the same operato

same
in the
in 20.

- with

the same apparatus under constant operating conditions on identical test material would in the lonjg run,

in the normdl and correct operation of the test method, exceed/the values given in Table 7 in on

case in 20.

13.3 Reprdducibility

13.3.1 Group 1. The difference between two single and independent test results obtained by dif]
operators wdrking in different laboratories on identical test material would in the long run, in the n
and correct dperation of the test method, exceed the values given in Table 6 in only one case in 20.

13.3.2 Groups 2, 3 and 4. The difference between two single and independent test results obtain
different opefators working in diffetent laboratories on identical test material would in the long run,

y one

ferent
pbrmal

ed by
in the

normal and cprrect operation of the test method, exceed the values given in Table 7 in only one case in 20.

Table 6 — Precision for group 1 (manual)

Percentage evaporated Repeatability Reproducibility
% (V9 °C °C
IBP 3,3 5,6
5 r1+ 0,66 R1+1,11
10 ri R1
20 ri R1
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 R1=1,736 (AC/AV) + 1,994
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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

5to0 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)

of this

NOTE This table has been derived from the nomograph that represented this set of precision data in all previous versions

document, and parallel standards published by other bodies.

14 P

14.1

The ¢
testr
petro
fuels,
repro|
fuels,

To de

final boiling point (FBP), it is generally necessary to determine the rate of change of tempel

parti
evapd

NOTE
condit
single

14.2

14.2.
the sg
in the
case i

14.2.

appar
norm

recision (automated apparatus)

General

bsults on matrices of petrols, automotive engine ethanol fuels up te 85 % (V/V) of eth{
s, kerosenes, diesel fuels, diesel blends with FAME up to 30 % (14V), heating oils, avi
petroleum spirits and marine fuels by automated procedures is given in 14.2 a
ducibility for certain specified distillation data has been-¢alculated from subsets of
this information is stated in C.1.5.

Lermine the precision of results (groups 1, 2, and 3), ether than the initial boiling po

ular point. This variable, AC/AV, is equal to the change in temperature per percent
rated and is calculated from Formula (7) given in 13.1.

In the 2006 and 2010 interlaboratorystudy the precision of materials meeting gro
ions using automated apparatus were ‘determined to be statistically equivalent and were
statement.

Repeatability

I Group 1, 2 and 3. The-difference between two test results obtained by the same @
me apparatus under.censtant operating conditions on identical test material would in
normal and correet’ operation of the test method, exceed the values given in Table
h 20.

P Group' 4, 'The difference between two test results obtained by the same operator W
atus uhder constant operating conditions on identical test material would in the lo
h| afdcorrect operation of the test method, exceed the values given in Table 9 in only o

recision as determined by statistical examination according to 1S@_4259-1[3] of intlerlaboratory

hnol, aviation
htion turbine
nd 14.3. The

specification

int (IBP) and

rature at that
recovered or

up 1, 2 and 3
rombined in a

perator with
the long run,
B in only one

/ith the same
g run, in the
he case in 20.

14.3

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 4,7 20 to 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
1o U9+ Z,8(0,43(AC/AV) + U,24] | L9+ Z,8(0,43(AC/AV] + U, 2%) 350 6p
20 0,9 +2,8(0,43(AC/AV) + 0,24) 2,0 +2,8(0,43(AC/AV) + 0,24) 450,70
30 0,8 +2,8(0,43(AC/AV) + 0,24) 1,8 + 2,8(0,43(AC/AV) + 0,24) 50to 8%
40 0,9 +2,8(0,43(AC/AV) + 0,24) 2,0 +2,8(0,43(AC/AV) +0,24) 60 to 100
50 1,0 +2,8(0,43(AC/AV) + 0,24) 1,9 + 2,8(0,43(AC/AV) + 0,24) 65 to 115
q0 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/AV).+0,24) 105 to 140
g0 1,1 +2,8(0,43(AC/AV) + 0,24) 2,0 +2,8(0,43(AC/AVY + 0,24) 120 to 155
90 1,8 +2,8(0,43(AC/AV) +0,24) | 2,8+ 2,8(0,43(AC/AV) +0,24) 145 to 175
95 2,0 +2,8(0,43(AC/AV) +0,24) | 3,6 +2,8(0,43(AC/AV) +0,24) 155 to 195
FBP 3,3 7,1 175 to 260
Where (AC/AV) is the slope or rate of change of temperature in degrees Celsius calculated from 13.1 Formula (7).

Table 9 — Precision for graup 4 (automated)

Percentagé¢ recovered Repeatability Reproducibility Valid range
% (V/V) °C °C °C

IBP 0,018 T 0,055T 145 to 220

b 0,010 9°F 0,03T 160 to 255

10 0,0094 T 0,022 T 160 to 265

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

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

40 0,005T 0,014 T 195 to 290

30 1,0 3,0 170 to 295

q0 0,00357T 0,0117T 220 to 305

70 0,00355T 0,0125T 230 to 315

g0 0,00377T 0,0136T 240 to 325

t 6,004 1T ;615 F 180to346

95 0,013 18 (T - 140) 0,041 05 (T - 140) 260 to 360

FBP 2,2 7,1 195 to 365

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

14.4 Bias

14.4.1 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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14.4.2 Relative bias

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:

a) areference to this document;

b) the type and complete identification of the product tested;

c) the result of the test (see Clause 12);

d) apy deviation, by agreement or otherwise, from the procedure specified;
e)

NOTE See Annex F for examples of reports.

he date of the test.

=
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Annex A
(normative)

Thermometer specifications

A.1 General

Table A.1 gives the specifications for the mercury-in-glass thermometers specified in 5.8.1.

Table A.1 — Thermometer specifications

Low-range High-range

Range, °C -2 to 300 -2 to 400
Subdivisions,|°C 1 1
Immersion, mm Total Total
Overall length, mm 381 to 391 381 to 391
Stem diametdr, mm 6to7 6to7
Bulb shape Cylindrical Cylindrical
Bulb length, fnhm 10 to 15 10 to 15
Bulb diametejr, mm 5to6 5to6
Distance of bpttom of bulb to
— 0°Clinefmm 100 to410 25 to 45
— 300°Clihe, mm 333to 354 —
— 400 °Clihe, mm — 333 to 354
Longer lines gt each, °C 5 5
Numbering af each, °C 10 10
Scale error, maximum °C 0,5up to 300 1,0 up to 370
Maximum linf width, mm 0,23 0,23
Expansion chamber Requireda —
Heat stability See cautionary note in 5.8.1 See cautionary note in 5.81
NOTE Therm¢meters ASTM>%C/IP 5C (low-range) and ASTM 8C/IP 6C (high-range) conform to the above requirements.
a  An expangion chamber'is provided for relief of gas pressure to avoid distortion of the bulb at higher temperatyres. It
is not for the purpose;ef joining mercury separations. Under no circumstances shall the thermometer be heated abgve its
highest tempefature reading.
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Annex B
(normative)

Determination of temperature-sensor lag times

Temperature-sensor lag times

B.1.1| General

The 1
that ¢
casin
simul

NOTE

NOTE
testin
mercy

NOTE
been

time algorithms (refer to manufacturer’s instructions for\calibration of temperature measurement

B.1.2

B.1.2
norm

than five compounds. Ensure that thé difference between 5 % (V/V) recovered and 95 % (V,

isatl

NOTE

B.1.2
electn

B.1.2
and 1

apprd

pte the temperature lag of the mercury-in-glass thermometer.

esponse time of an electronic temperature-measurement device is inherently mor
f a mercury-in-glass thermometer. The assembly in general use, consistingof the s
b, and/or an electronic system and its associated software, is designed-such that th

1 AnnexE contains information on typical corrections.

2 This Annex is under revision. Verification of the responseime of the electronic th
b synthetic blends as reference fuels instead of direct comparison of the electronic thermon
ry in glass thermometer, is being executed by ISO.

3
ccepted for application by industry for over ten years."Manufacturers have developed reli

Determination

1 Select a sample of material with(known temperature properties representative of|
hlly analysed, not a pure compound, nor any narrow range product, nor a synthetic

past 100 °C.

The certified reference fluids (8.2.4) are suitable.

2 Carry out an-automated distillation by the procedure described in this docum
onic temperattire-measurement device in place.

3 Replace the electronic measurement device by the appropriate mercury-in-glass
epeat-the distillation, manually recording the thermometer readings at each perc
priate to the product as described in 9.7. See NOTES.

e rapid than

bnsor and its

e device will

ermometer by
heter with the

The use and reliability of automated equipment with electronic temperature measuringg devices has

able response
systems).

the products
blend of less
V) recovered

bnt, with the

thermometer
ent recovery

B.1.2.4 Calculate the difference in value at each observed slope (4C/AV) by both procedures. This
difference at any point shall be equal or less than the repeatability of the test method at that point.

B.1.2

5

electronic measurement device, and repeat until a satisfactory agreement is obtained.

© ISO

2019 - All rights reserved

If the difference is larger than the test method repeatability, adjust the electronics of the

31


https://standardsiso.com/api/?name=b0b4d7712ed74d4c7cb9c68dd8bda526

ISO 3405:2

019(E)

Annex C
(normative)

Determination of specified distillation data

C.1 Specified distillation data

C.1.1 General

Many speciffcations for petrol, kerosene, and gas oil require specific percentages ©vaporat
recovered, either as maxima, minima or ranges, at specified temperature readings. Thesé)are frequently

designated t

NOTE Ty
R350 for gas d

C.1.2 Prog

he terms “Exxx” or “Rxxx”.

bical specified temperatures are E70, E100 and E180 for petrols, R200 fof’kerosenes, and R2
ils.

edure

C.1.2.1 Frgm the observed barometric pressure, calculate the. temperature readings equivals

those desireq

C.1.2.2 Cay
10 °C below
temperature
recovered cld

If the intent
minimum of

C.1.3 Calc

To determin
the required,
the arithmet

C.1.4 Pred

The statistic
specified dis

|, using the procedure given in 11.2.

ry out a distillation as described in Clause 9-6r Clause 10, but in the range approxin

and 10 °C above the desired temperature reading calculated in C.1.2.1. Recoq
readings at intervals of 1 % (V/V) or smaller. Observe and record the amount of dis
sest to the exact temperature reading required.

of the distillation is only to detérmine Rxxx, the distillation may be discontinued 4
2 ml of distillate has been recovered above the highest specified temperature.

nlation

b the value of Exxxsadd the observed loss to the observed volume recovered at or a
corrected temperature reading. Obtain the value at the exact temperature, using
ical or graphicalyprocedures described in 11.6.

ision

al determination of precision of specified distillation data for manual apparatu
tillation points for automated apparatus, except for those in C.1.5, has not been di

ed or

50 and

ent to

hately
d the
tillate

fter a

round
bither

5 and
rectly

carried out

£l 1. 3 £ n 11 £las 1 1 lotad £]a 1. 3 +1a
I UIIT UAdosSIS Ul LAAA Ul INAAA. TIUVWUVUL, LUIIIS UdIll UUT Ldltuldlcu Ul UIICT Ud4dsSiS Lllad

it is

equivalent to the precision of temperature measurement divided by the rate of change of temperature
measurement versus the volume recovered or evaporated. This calculation becomes less valid at high

slope values.

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

rV= r
AC | AV
AC | AV

32

(€.1)

(€.2)

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=b0b4d7712ed74d4c7cb9c68dd8bda526

	Foreword
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Principle
	5 Apparatus
	5.1 General
	5.2 Distillation flasks
	5.3 Condenser tube and cooling bath
	5.4 Metal shield or enclosure for flask (manual apparatus only)
	5.5 Heat source(s)
	5.6 Flask-support
	5.7 Graduated cylinders
	5.8 Temperature measurement system
	5.9 Centring device
	5.10 Barometer
	6 Samples and sampling
	6.1 Sample grouping
	6.2 Sample maintenance prior to testing
	6.2.1 General
	6.2.2 Groups 1 and 2
	6.2.3 Groups 3 and 4
	6.3 Removing water from sample
	6.3.1 General
	6.3.2 Groups 1 and 2
	6.3.3 Groups 3 and 4
	7 Preparation of apparatus
	8 Apparatus verification
	8.1 Level follower
	8.2 Electronic temperature-measurement devices
	8.3 Electronic pressure measuring device
	9 Procedure — Manual apparatus
	10 Procedure — Automated apparatus
	11 Calculations
	12 Expression of results
	13 Precision (Manual Apparatus)
	13.1 General
	13.2 Repeatability
	13.3 Reproducibility
	14 Precision (automated apparatus)
	14.1 General
	14.2 Repeatability
	14.3 Reproducibility
	14.4 Bias
	14.4.1 Bias
	14.4.2 Relative bias
	15 Test report
	Annex A (normative)  Thermometer specifications
	Annex B (normative)  Determination of temperature-sensor lag times
	Annex C (normative)  Determination of specified distillation data
	Annex D (informative)  Examples of data calculations
	Annex E (informative)  Emulation of emergent-stem errors
	Annex F (informative)  Examples of a test report
	Bibliography

