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Petroleum
characteris

1 Scope 4

roducts — Determination of distillation

. T

oc
A\ 1~4

nd field of application

1.1 This Intefnational Standard specifies a procedure for the

determination

boiling point s

of the distillation characteristics of motor

irits, naphthas, white spirit, kerosine, gas oils,

gasolines, avi}:cion gasolines, aviation turbine fuels, special

distillate fuel o

NOTE — For the
of such wide &
specified in gro

Is and similar petroleum products.

distillation of aviation turbine fuels and other products
oiling range that the low distillation thermometer
p 3 of table 1 is inadequate, this method may be

applied by substituting the high distillation thermometer, together with
the other test conditions specified in group 3 (see 9.3).

1.2 The distjllation (volatility) characteristics of petroleum

products are i

icative of performance in their intended appli=

cations. Petroleum product specifications generally -incltude

distillation lim|
performance.

1.3 The emp
method have b
ment performg
petroleum prod

2 Referen

1ISO 3007, Pet
pressure — Re

s to ensure products of suitable velatility

rical results obtained by usé_of this distillation
een found to correlate with, automotive equip-
nce factors and with (ether characteristics of
ucts related to volatility.

Ces

pleum ‘products — Determination of vapour
d ‘method.

3.2 end point; final boiling point: Maximun} thermometer
reading noted (corrected if réguired) during the final phase of a
distillation carried out under standardized coc{ditions. This

usually occurs after the evaporation of all liquid from the
bottom of the flask. “Maximum temperature” i a frequently
used synonym.

3.3 dry point: Temperature noted (corrected fif required) at
the moment of vaporization of the last drop of liquid at the
bottom.of a flask during a distillation carried oJt under stan-
dardized conditions. Any drops or film of liquid pn the side of
the flask or thermometer are disregarded.

NOTE — The end point (final boiling point), rather than [the dry point, is
intended for general use. The dry point may be reportef in connection
with special-purpose naphthas, such as those used in the paint in-
dustry. Moreover, it should be substituted for the end point (final boil-
ing point) whenever the sample is of such a nature that the precision of
the end point (final boiling point) cannot consistently meet the criteria
given in clause 10.

3.4 decomposition point: Thermometer rgading which
coincides with the first indications of thermal decpmposition of
the liquid in the flask.

NOTE — 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.

ASTM E1, Spe

cification for ASTM thermometers.

IP standards for petroleum and its products — Part 1: Methods
for analysis and testing (Appendix A).

3 Definitions

3.1 initial boiling point: Temperature noted (corrected if

required) at the moment when the first drop of condensate falls
from the tip of the condenser during a distillation carried out
under standardized conditions.

3. T The volume, in millilitres, of con-
densate observed in the receiving graduated cylinder in connec-
tion with a simultaneous temperature reading.

3.6 percentrecovery: The maximum per cent recovered, as
observed in accordance with 8.7.

3.7 percent total recovery: The combined percent
recovery and residue in the flask, as observed in accordance
with 8.7.

3.8 percent loss: 100 minus the percent total recovery.
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3.9 percent residue: The percent total recovery minus the
percent recovery, or the volume of residue, in millilitres, if
measured directly.

3.10 percent evaporated : The sum of the percent recovery
and the percent loss.

4 Principle

A 100 ml test portion is distilled under prescribed conditions

which are app i x-C
table 1). Systenjatic observations of thermometer readings and
volumes of condensate are made and the results are calculated

from these data

5 Apparatys

Typical assemblies of the apparatus are shown in figures 2
and 3.

¢ int. 18
@ int. 16

217
21

Limited data have been obtained which indicate that certain
types of automatic distillation apparatus are capable of giving
test results which correspond in level and precision with those
obtained by the manual procedures of this method, when the
apparatus has been calibrated according to the manufacturer’s
instructions. When carrying out determinations in accordance
with this International Standard, such automatic apparatus
shall only be used by agreement between the parties to the
test, and provided the type of apparatus is mentioned in the
test report.

A condensed summary of these supporting data is given in

5.1 Distillation flask

Flasks shall be of heat-resistant glass and constructed to the
dimensions and tolerances shown-in figure 1.

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

Dimensions|in millimetres

Reinforcing bead

Fire polished

140
134

@ext. 70
¢ ext. 68

s

Figure 1 — Distillation flask
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Thermometer

Distillation flask

Bath cover

Heat-resistant boards \
R

N

Shield -—\

Blotting paper

Burner

Air vents ———]

.

Cooling bath

Figure 2 — Apparatus assembly using gas burning
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ﬁ—— Thermometer

/— Distillation flask
/— Flask support board

Blotting paper ———_|

Gfaduated cylinder ——_|

)

I

P

|
J:LB/
I
I
~
LU

Electric heating element

|~ Flask support ‘platform

[ Flask-4djusting knob

Indicating dial

Switch

(@

———— Open bottom shield

| _—— Cooling bath

|_—— Condenser tube

/7/ \\\ ]
AN
_/
Shield ————————

T °©

Figure 3 — Apparatus assembly using electric heater
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5.2 Condenser and cooling bath

Typical types of condenser and cooling bath are illustrated in
figures 2 and 3. Other types of apparatus may be used, pro-
vided the test results obtained by their use are such as to satisfy
the precision criteria of clause 10.

5.2.1 The condenser shall be made of seamless brass tubing,
560 mm in length. It shall be 14 mm in outside diameter and
shall have a wall thickness of 0,8 to 0,9 mm.

5.2.2 The condenser shall be set so that approximately

1SO 3405 : 1988 (E)

open bottom of the shield shall be spaced approximately
50 mm from the base of the unit. The rear of the shield shall
have an elliptical hole for the upper end of the condenser tube.
A flask-adjusting knob shall be located in front of the shield for
adjusting the flask support. If an electric heater (see figure 3) is
used, it shall be fitted with a stepless heat control unit with an
indicating dial. The heater and heat controller shall be built into
the lower part of the shield. The remaining portion of the shield
above the flask support board (see 5.5.2) shall be the same as
the type 1 shield used with the gas burner; the lower portion
may be omitted, however, and the heater, control unit and
upper part of the shield supported in any convenient manner.

390 mm of the|tube is in contact with the cooling medium, with
about 50 mm putside the cooling bath at the upper end, and
about 114 mm| outside at the lower end. The portion of tube
projecting at the upper end shall be set at an angle of 75° to the
vertical. The pgrtion of the tube inside the cooling bath may be
either straight r bent in any suitable continuous smooth curve.
The average gfadient shall be 0,26 mm per linear millimetre of
condenser tubg (equivalent to an angle of 15°), and no section
of the immerspd portion of the condenser tube shall have a
gradient less than 0,24 mm nor more than 0,28 mm per linear
millimetre of cpndenser tube. The projecting lower portion of
the condenser|tube shall be curved downward for a length of
76 mm and slightly backward so as to ensure contact with the
wall of the regeiving graduated cylinder at a point approxi-
mately 25 to 32 mm below the top of the graduated cylinder
when it is in pgsition to receive the distillate. The lower end of
the condenser tube shall be cut off at an acute angle so that the
tip may be broyight into contact with the wall of the graduated
cylinder.

5.2.3 The capacity of the cooling bath shall be not less than
5,5 litres of copling medium. The arrangement of the tubig)in
the cooling bath shall be such that its centreline is not less'than
32 mm below the plane of the top of the bath at its point of
entrance and npt less than 19 mm above the floor.of\the bath at
its exit.

5.2.4 Clearanges between the condenser)tube and the walls
of the bath shdll be at least 13 mm except for the sections ad-
jacent to the r;knts of entrance and exit. Multiple tube instal-
lations are permissible, provided\they conform to the dimen-
sional requirerents (see 5.2.2%and 5.2.3) and the capacity of
the bath is not|less than 5,51 per tube.

5.3 Metal shield or enclosure for flask

5.4 Heat source

5.4.1 Gas burner (see figure 2} 80 constru¢ted that suf-
ficient heat from the available gas.can be obtaingd to distill the
product at the specified rate="A Sensitive regulating valve and
gas-pressure governor to give-complete control gf heating may
be provided.

5.4.2 Electric heater (see figure 3) : May be ufed instead of
a gas burner, provided it is capable of distilling the product at
the specifiedrate. Heater units of low heat retentipn, adjustable
from 0 t0"1"000 W, have been found satisfactory.

5.5 Flask support

5.5.1 Type 1 for use with gas burner (see figure 2)

A ring support of the ordinary laboratory typ¢, 100 mm or
larger in diameter, supported on a stand inside the shield, or a
platform adjustable from the outside of the shield, may be
used.

Two hard boards, made of ceramic or other |heat-resistant
material, 3 to 6 mm in thickness, shall rest upon the ring or the
platform, whichever is used. The board immediately above the
ring or platform shall have a central opening 76 [to 100 mm in
diameter and outside line dimensions slightly smaller than the
inside boundaries of the shield.

The second, or flask support, board shall be slightly smaller in
outside dimensions than the first board and shall have a central
opening conforming to the dimensions in table 1. |t shall be 3 to

6 mm in thickness atthe centre-hole—rim—T his-flask support

5.3.1 Type 1 shield (see figure 2J, 480 mm high, 280 mm
long and 200 mm wide, made of sheet metal of approximately
0,8 mm thickness. The shield shall have a door on one narrow
side, and two openings 25 mm in diameter equally spaced in
each of the two narrow sides, with a slot cut in one side for the
upper end of the condenser tube. The centres of these four
openings shall be 215 mm below the top of the shield. There
shall be three holes of approximately 13 mm in diameter in each
of the four sides, with their centres 25 mm above the base of
the shield.

5.3.2 Type 2 shield (see figure 3), 440 mm high, 200 mm
long and 200 mm wide, made of sheet metal of approximately
0,8 mm thickness and with a window in the front side. The

board may be moved slightly in accordance with the directions
for placing the distillation flask, and direct heat shall be applied
to the flask only through the opening in this board.

5.5.2 Type 2 for use with electric heater (see figure 3)

The top of the electric heater shall consist of a hard flask-
support board, made of ceramic or other heat-resistant
material, with a central opening conforming to the dimensions
in table 1. It shall be 3 to 6 mm in thickness at the centre-hole
rim. Provision shall be made for moving the heater unit, with its
top, so that direct heat is applied to the distillation flask only
through the opening in the flask support board.
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Table 1 — Test conditions

Flask size (see

Preparation of apparatus

Group 1 Group 2 Group 3 Group 4
Sample characteristics
Vapour pressure at 37,8 °C (ISO 3007) > 65,5 kPa <65,5 kPa <65,5 kPa <65,5 kPa
Distillation :
— initial boiling point ) - - <100 °C >100 °C
— end point <250 °C <250 °C >250 °C >250 °C

Distillation therfnometer (see 5.8)

Diameter of hole in flask support board?2)

Temperature at|start of test:
— flask and thermometer
— flask sypport board and shield
— graduated cylinder and 100 ml charge

b.1)

Conditions dufing test procedure
Temperature off condenser bath

Temperature ofl medium around graduated cylinder

Time from first ppplication of heat to initial boiling point
Time from initigl boiling point to 5 % recovered

Uniform average rate of condensation from 5 %
recovered to |5 ml residue in flask

Time from 5 ml| residue to end point

Low temperature
range

37,5 mm

13t0 18 °C
< ambient
13to 18 °C

125 ml

Oto1°C
13 to 18 °C

5 to 10 min

60 to 75 s

4 16 5 ml/min

3 to 5 min

Low temperature
range

37,5 mm

13to 18 °C
< ambient
13to 18 °C

125 ml

0 t0:4.°C
13to 18 °C

5 to 10 min

60to75s

4 to 5 ml/min

3 to 5 min

Low temperature
range

50 mm

13 t0(18,°C
< ambient
13'to 18 °C

125 ml

Oto4°C
13 to 18 °C

5 to 10 min

4 to 5 ml/min

< 5 min

High temperature
range

b0 mm

<| ambient

13 °¢ to ambient

125 ml

0 tp 60 °C3)

within £3 °C
of temperature of
distillation charge

5 10 15 min

4 tg 5 ml/min

K 5 min

1) As determinld
2) Hole diameters are to be reviewed.

3) The proper

temperature whig

5.6 Graduated cylinder

The graduated

horizontal.

cylinder shall have a capacity of 100 mi and be
graduated at intervals of 1 ml The shape of the base is aptional

but it shall be such that the receiver does not topple when
placed empty on a surface inclined at an angle of 15° to the

under all test conditions of the group\concerned.

ondenser bath temperaturé will depend upon the wax content of the sample and of its distillation fractions.
h permits satisfactory opéeration should be used.

5.7 Cooling bath for cylinder

An optional cooling bath (see second paragraph
as a tall-form beaker of clear glass or transparent p

bf 7.7), such
astic, of suf-

5.8 Thermometer"

Construction details and tolerances for the graduated cylinder

are shown in figure 4. The use of a Crow receiver is permitted
provided that the vertical dimension and the scale length are as

shown in the figure.

ficient height to allow the graduated cylinder to be immersed
up to the 100 ml graduation line in a cooling liquid.

The thermometer 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 table 2.

1) Thermometers ASTM 7C and 8C, and IP 5C and 6C, are suitable (see clause 2).

The minimum
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Dimensions in millimetres

/— Fire polished

Pouring Tip /

\ ——-&—-1—'5

-
s

Wall thickness

mi

260
248

50

40

203
178
Scale length

20

10

1 ml graduation
may be omitted

=

L

g
L

e
\
\
I
|
|
|
/

Figure 4 — Graduated cylinder
(100 ml in 1 ml graduations, tolerance = 1,0 ml)
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Table 2 — Thermometer specifications

Qverall length
Stem diameter
Bulb shape

Rulb lenath
LF

381 to 391 mm

L ow teamnerature Hich tamnaratura

wow temperature ~ign temperature
range range

Range —2to +300 °C —2to +400 °CV
Sub-divisions 1°C 1°C
Immersion total total

381 t0 391 mm

Bulb diameter

Distance from bottom of bulb to 0 °C line
Distance from bottom of bulb to 300 °C line
Distance from bottom of bulb to 400 °C line
Longer lines at each

Figured at each

Scale error, max.

Maximum line width

Expansion chamber

Heat stability

6to 7 mm 6 to 7 mm
cylindrical cylindrical
10 to 168 mm 10 to 16 mm
5to 6 mm 5to 6 mm
100 to 110 mm 25 to 45 mm

333 to 354 mm -
— 333 to 3564\mm
5°C 5.°C
10 °C 10 °C
0,5 °C, up to 300 °C 150°2C, up to 370 °C
0,23 mm 0,23 mm
required 2) -
see note see note

used withaut chacking
UuSeaG withCut Cnecking

Thermometers|shall be artificially aged by means of a“suitable
heat treatment| before graduation in order to secure stability of
zero. This tredtment shall be such that, after the. procedure
described belgw, the maximum error is within the limits
specified.

Heat the thermometer to a temperature Corresponding to its
highest scale line and keep it at this-temperature for 5 min.
Allow the thermometer to cool{ either naturally in still air, or
slowly in the test bath at a reproducible rate to 20 °C above
ambient temperature or t0-50"°C, whichever is the lower, then
determine the |error at a‘selected reference point. If natural
cooling in air ig used;-the error shall be determined within 1 h.
Heat the therinometer again to a temperature equal to its
highest scale lihe-and keep it at this temperature for 24 h, allow

1) Under certain test conditions, the bulb of the thermometer may be 28 °C above the temperature indicated
by the thermometer, and at an indicated temperature of 371 °C the ¢emperature of the bulb is approaching a
critical range in the glass. If a thermometer is used at an indicated temperature above 371 °C it should not be re-

2) An expansion chamber is provided for relief of gas pressure to avoid distortion of the bulb at higher
temperatures. It is not for the purpose of joining mercury.séparations. Under no circumstances should the ther-
mometer be heated above the highest temperature reading.

per, and place it in an ice bath or refrigerator capable of main-

minimum. Close the bottle immediately with a tiga‘t-fitting stop-
taining the sample at a temperature not exceeding 15 °C.

6.2 Samples of materials that visibly contain water are not
suitable for testing. If the sample is not dry, and|the expected
initial boiling point is below 66 °C, obtain for th¢ test another
sample which is free from suspended water. If[the expected
initial boiling point is above 66 °C, shake the| sample with
anhydrous sodium sulfate or another suitable dryjng agent and
separate it from the drying agent by decanting.

7 Preparation of apparatus

it to cool to one of the two temperatures referred to above, at
the same rate as in the first part of the test, and redetermine the
error under the same conditions as before.

6 Sampling

6.1 In the case of a product having a Reid vapour pressure of
65,5 kPa or higher, cool the sample bottle to a temperature
between 13 and 18 °C. Collect the sample in the previously
cooled bottle, preferably by immersing the bottle in the liquid,
where possible, and discarding the first filling. Where immer-
sion is not possible, draw off the sample into the previously
cooled bottle in such a manner that agitation is kept to a

7.1 Refer to table 1 and select the thermometer which is re-
quired for the sample to be tested. Bring the respective tem-
peratures of the flask, thermometer, graduated cylinder, flask
support and shield to their required values for starting the test.

7.2 Fill the condenser box to cover the condenser tube with
any non-flammable coolant such as chopped ice, water, brine
or ethylene glycol solution which is suitable for the temperature
specified in table 1. If chopped ice is used, add sufficient water
to cover the condenser tube. If necessary, make suitable pro-
vision, such as circulation, stirring or air blowing, so as to main-
tain the required condenser bath temperature throughout the
test. Similarly, make any necessary provision so that the tem-
perature of the bath around the graduated cylinder will remain
within the limits specified in table 1.
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7.3 Remove any residual liquid in the condenser tube by
swabbing with a piece of soft, lint-free cloth attached to a cord
or copper wire.

7.4 Bring the temperature of the sample to within the range
prescribed in table 1. Measure 100 ml of the sample in the
graduated cylinder and transfer it as completely as practicable
to the distillation flask, taking care that none of the liquid flows
into the vapour tube.

7.5 Fitthe thermometer provnded with a snugly fitting, weII
rolled cork tightty

vapour tube (spe figure 5).

7.6 Place th¢ flask containing the charge in its support and
make a tight cdnnection with the condenser tube by means of a
cork through which the vapour tube has been passed. Adjust
the flask so that it is in a vertical position and so that the vapour
tube extends ipto the condenser tube for a distance of 25 to
50 mm.

7.7 Place thg graduated cylinder that was used to measure
the charge, without drying, into its bath under the lower end of
the condenser |tube so that the end of the condenser tube is
centred in the| graduated cylinder and extends into it for a
distance of at|least 25 mm but not below the 100 ml mark.
Cover the graduated cylinder closely with a piece of blotting
.paper, or similar material, suitably weighted, which has been
cut to fit the cpndenser tube snugly. Maintain the level of the
bath around the graduated cylinder so that it is at least as high
as the 100 ml mark.

If the temperatpre of the air surrounding the cylinder does not
meet the requifements of table 1, a cooling bath.(5:7) shall be
used and the gylinder immersed so that the liquid covers the
100 ml graduat|on line.

1ISO 3405 : 1988 (E)

7.8 Record the prevailing barometric pressure, and proceed
at once with the distillation, as specified in clause 8.

8 Procedure

8.1 Apply heat to the distillation flask and its contents.
Regulate the heating at this stage so that the time interval
between the first application of heat and the initial boiling point
is within the limits prescribed in table 1.

test as prescribed in'clause 9. These observed data may include
thermometer readings at prescribed percentages|recovered, or
percentages recovered at prescribed thermometdr readings, or
both. Record. all volumes in the graduated cylinder to the
nearest 0;5.ml and all thermometer readings tp the nearest
0,5 °C.

8.4 If a decomposition point is observed, dii::ontinue the
heating and proceed as directed in 8.7. Otherwise, proceed as
directed in 8.5.

8.5 When the volume of residual liquid in the flask is approxi-
mately 5 ml, make a final adjustment of the heat| if necessary,
so that the time from the 5 ml of liquid residue in the flask to
the end point (final boiling point) meets the requjrement given
in table 1. If this condition is not satisfied, repeat|the test, with
appropriate modification of the final heat adjustrhent.

(3 f Q 1 ()
% (
1
7 ] 1
(] %
1
V1 K%
—-- —m' -1 S i __ﬁ%
A % 1
/]
1 1
[/ %
“

Figure 5 — Position of thermometer in distillation flask
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8.6 Observe and record the end point (final boiling point) or
dry point, or both, as required, and discontinue the heating. At
the end point (final boiling point), observe if all the liquid has
evaporated from the bottom of the flask. If not, include a note
to this effect in the report as prescribed in clause 9.

8.7 While the condenser tube continues to drain into the
graduated cylinder, observe the volume of condensate at 2 min
intervals until two successive observations agree. Measure this
volume accurately, and record it, to the nearest 0,5 ml, as the
percent recovery. If the distillation was previously discontinued

under the cond
from 100, repori
omit the proceg

8.8 After the
densatein the g
preciable incred
cylinder is obse|
as the percent {

8.9 Deduct th
percent loss.

9 Expressi

9.1 Foreach
quired by the
lished for the s

In cases in wh

this difference as percent residue and loss, and
ure given in 8.8 and 8.9.

lask has cooled, pour its contents into the con-
raduated cylinder and allow to drain until no ap-
se in the volume of liquid in the graduated
rved. Record this volume to the nearest 0,5 ml
otal recovery.

e total percent recovery from 100 to obtain the

bn of results

est, calculate and report whatever data are re-
ecification involved, or as customarily estab-
mple under test.

ch no specific data requirements haye ‘been

indicated, recold the initial boiling point, the end point“(final

boiling point) o
at 5 % and 95
recovered from

readings to the

dry point, or both, and thermometer feadings
% recovered and at each multiple of 10 %
10 to 90, inclusive.

nearest 0,5 °C and'the barometric pressure to

9.2 Report aIIJpercentages to the neareést 0,5, all thermometer

the nearest 0,0!

kPa (0,5 mbar)-

9.3 When testing aviationturbine fuels and similar products,

pertinent therm
cork. To provid
portion accordi

ometer,graduations may be obscured by the
b thedesired data, the distillation of a new test
hg to group 3 of table 1 may have to be per-

where

C. is the correction to be added algebraically to the
observed thermometer reading (convenient approximations
of these corrections are given in table 3);

Py is the barometric pressure, in kilopascals, prevailing at
the time of the test;

t. is the observed thermometer reading,
Celsius.

in degrees

Thermometer readings, when given in product definitions or
specifications, or both, should be based-on 101,3 kPa
(1 013 mbar) atmospheric pressure. Observed- thermometer
readings shall be corrected to 101,3 kPa (1'013 mpar) pressure
when comparing test data or judging® compliance with
specifications, or both. If the results;are’not requjred for com-
parison with other data corrected.t0101,3 kPa (1 §13 mbar), or

if the test is being carried out to' check complfance with a
specification which does not.call'for the data to bg corrected to
101,3 kPa (1 013 mbar), theZapplication of the bafometric cor-
rections shall be optional:, When reporting data, state whether
the corrections have’ or-have not been applied.
Table 3 — Approximate corrected thermometer readings
Correction!) pelr 1,35 kPa
Temperature range or 13,5 mbar djfference
in pressyire

°C °C

10to 30 0,35

30to 50 0,38

50 to 70 0,40

70 to 90 0,42

90 to 110 0,45

110 to 130 0,47

130 to 150 0,50

150 to 170 0,52

170 to 190 0,54

190 to 210 0,57

210 to 230 0,59

230 to 250 0,62

250 to 270 0,64

270 to 290 0,66

290 to 310 0,69

310 to 330 0,71

330 to 350 0,74

350 to 370 0,76

370 to 390 0,78

390 t0 410 0,81

formed. In such cases, the test report shall identify such

substituted dat

a. If, by agreement, reporting these data is

waived, this shall be mentioned in the test report.

9.4 If the report is to be based on thermometer readings cor-

rected to 101,3 kPa (1 013 mbar) barometric pressure (see the
last paragraph of this sub-clause), obtain the correction to be
applied to each thermometer reading by means of the Sydney
Young equation as given below, or by the use of table 3. After
applying the corrections and rounding each result to the
nearest 0,5 °C, use the corrected thermometer readings in all
further calculations and reporting.

C, = 0,000 09 (101,3 — Py) (273 + 1)

10

1) To be added if the barometric pressure is below 101,3 kPa
(1 013 mbar), to be subtracted if the barometric pressure is above
101,3 kPa (1 013 mbar).

9.5 After atmospheric corrections of the thermometer
readings have been made, if required, the following data re-
quire no further calculation prior to reporting: initial boiling
point, dry point, end point (final boiling point), decomposition
point, percent recovered, total percent recovered and all pairs
of corresponding values involving percent recovered and ther-
mometer readings. Percent loss and percent residue are
calculated in accordance with their respective definitions as set
forth in 3.8 and 3.9.
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9.6 Itis advisable to base the report on relationships between
thermometer readings and percent evaporated in any case in
which the sample is a gasoline or any other product classed
under group 1 in table 1, or in which the percent loss is greater
than 2,0. Otherwise, the report may be based on relationships
between thermometer readings and percent evaporated or
recovered.

Every report shall indicate clearly which basis has been used.

9.7 To report percent evaporated at prescribed thermometer

ISO 3405 : 1988 (E)

Values obtained by the arithmetical procedure are affected by
the extent to which the distillation graph is non-linear. Intervals
between successive data points shall, at all stages of the test,
be at least as narrow as indicated in the second paragraph of
9.1. In no case shall a calculation be made which involves extra-
polation.

See annex A for a numerical example illustrating the arith-
metical procedure.

9.9 If a specification includes a maximum percent loss or a

readings, add tl TCent recovere ; ; k_'JSS shall be
values observefl at the prescribed thermometer readings and corrected to 101,3 kPa (1013 mbar) atmospheric pressure
report these rpsults as the respective percent evaporated according to the equation given below. The corregponding cor-

values.

9.8 To reporf thermometer readings at prescribed percent
evaporated valles, use either of the two following procedures,
and indicate in the test report whether the graphical procedure
or the arithmetical procedure has been used.

9.8.1 Graphigal method

Using graph paper with uniform sub-divisions, plot each ther-
mometer reading (corrected for barometric pressure, if re-
quired) against [the corresponding percent recovered. Plot the
initial boiling ppint at 0 % recovered. Draw a smooth curve
connecting the points. For each prescribed percent evaporated
value, deduct the percent loss in order to obtain the corre-
sponding percet recovery, and read from the graph the ther-
mometer readinig which this percent recovery indicates (see
note). Values dbtained by graphical interpolation procedures
are affected by [the care with which the plot is made.

rect percent recovery is computed on the basis thpt it is greater
than the actual recovery by the same.@mount as [the corrected
loss is less than the actual loss. Either or both [of these cor-
rected data shall be so designatéd and included in the test
report, for the purpose of j dging compliance|with specifi-
cations.

Corrected loss = AL + B
where
L is the)percent loss as calculated from test|data;

depend upon the barometric pressure. The values for these

ANand B are numerical constants, the valles of which
constants at different pressures are listed in table 4.

Table 4 — Values of the constants 4 and B used
in obtaining corrected distillation Idss

Observed atmospheric
. . . pressure A B
NOTE — See gnnex A for a numerical example <llustrating the kP b
graphical procedyre. a mbar
74,7 747 0,231 0,384
9.8.2 Arithmétical procedure 76,0 760 0,240 0,380
77,3 773 0,250 0,375
Deduct the digtillation loss from)€ach prescribed percent 78,7 787 0,261 0,369
evaporated valug in order to obtain the corresponding percent 80,0 800 0,273 0,363
recovered (see| last two,paragraphs of this sub-clause). 813 813 0286 0.357
Iculate each ired thermometer reading as foll : ’ ’ ’
Calculate each fequired thel er reading ows 826 %6 0.300 0.350
i T0R - RY 84,0 840 0,316 0,342
T=T + — — 85,3 853 0,333 0,333
YH U 86,6 866 0,353 0,323
where 88,0 880 0,375 0,312
89,3 893 0,400 0,300
T is the thermometer reading at the prescribed percent 90,6 906 0,428 0,286
evaporated value; 92,0 920 0.461 0.269
. ) 93,3 933 B §
R is the percent recovered value corresponding to the 0.500 0.250
prescribed percent evaporated value; 94,6 946 0,545 0,227
96,0 960 0,600 0,200
Ry s the percent recovered value adjacent to, and higher 97,3 973 0,667 0,166
than, R at which a thermometer reading Ty, was noted ; 98,6 986 0.750 0,125
. . 100,0 1000 0,857 B
R, is the percent recovered value adjacent to, and lower 8 0.071
than, R at which a thermometer reading 7| was noted. 101.3 1013 1,000 0,000

"
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10 Precision

The nrnmelnn of the method, as determi

T OLISION

ned bv statistical exam-
1ethog, as getermined by statistical exam

matlon of inter-laboratory test results, is as follows :

10.1 Repeatability

The difference between successive test results obtained by the
same operator with the same apparatus under constant oper-
ating conditions on identical test material will, in the long run,
in the normal and correct operation of the test method, exceed
the value obtained by the use of the nomoaram in fiqure 6 onlvy

other data points should not represent more than 10 %
evaporated or recovered in any case, nor more than 5 % if the

QN 0L vroamema
point in question is not included in the 10 % to 90 % range. For

the initial boiling point, end point (final boiling point) or dry
point, the rate of change should be assumed to be the same as

tha avarasa rata Avar an intan . 4 avanad PP |

UiIT avoirayc iawc uvor ail inwer val, llUt W TALTTU d /0 UVdelleU
or recovered, between the extreme point and the next data
point above or below it.

NOTE — The “rate of change in thermometer reading’’ referred to
above is calculated from the expression

in one case in

~

10.2 Repro

The difference
tained by diffe
on identical te

correct operatig
by the use of

twenty.

fwenty.
Hucibiiity

between two single and independent results ob-
ent operators working in different iaboratories

material will, in the long run, in the normal and
n of the test method, exceed the value obtained
the nomogram in figure 6 only in one case in

10.3 To faciljtate the use of figure 6, the rate of change in
thermometer rgading in degrees Celsius per percent evaporated

or recovered (
point and the
be assumed to
data points wh

e note) at any point between the initial boiling
d point (final boiling point) or dry point should
be the same as the average rate between two
ch are equidistant above and below the point in

question. The $pan from the point in question to either of the

xt

Ry — Ry

At is the rise in temperature during-the’ distillation interval ;

~q is
interval ;

at the beginning of the

Ro is the percent evaporated (recovered) at the end of the
interval.

10.4 In figure 6itwill be noted that the left and fight marginal
scales, representing the rate of change in thermometer reading,
are identical:\This is to facilitate the establishing ¢f a horizontal
line across the chart at the required level, which may be done in
any convenient manner. Noting the point wherg this line in-
tersects the appropriate precision scale, the zone |n which such
intersection falls indicates the expected repeatalility or repro-
ducibility.

12
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Repeatability Reproducibility
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is the initial boiling point, in degrees Celsius;
is the end point (final boiling point) or dry point, in degrees Celsius;
is the thermometer reading at the prescribed percent evaporated or recovered, in degrees Celsius;

is the percent evaporated or recovered at the prescribed thermometer reading, in percent.

Figure 6 — Precision of distillation
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Annex A

Examples illustrating calculations of thermometer readings at prescribed
percent evaporated values (see 9.8)

(This annex does not form an integral part of the standard.)

A.1 Assume the observed distillation data are as follows:

Initial boilingpoint ............................ 36,5 °C
5 ’}6 lUbUVb‘lGU’ ............................... 45,5 nb
10 %recovered. . .......covviiiiieeineinnnnn. 54 °C
20 %recovered. ........ciiiiii i 65,5 °C
30 %recovered. ..........cciiiiiiiii 77 °C
40 Yorecovered. . ......iiiii e 89,6 °C
B0 % recovered. ........coiiiiiiii i 101,5 °C
60 % recovered. .........coiiiiiiii i 115 °C
70 %recovered. ...t 131 °C
80 %recovered. ...........oiiiiii i 149 °C
90 %recovered. ........oiiiiiiii 171 °C
95 % recovered. . .......coiiiiiii 186,5(°C
End point (final boilingpoint) ................... 209 °C
Recovery ..........ccoiiiiiiiiiiiiiin il 97,5 %
Residue ......... ...t NN 1,0 %
LOSS .ot SO 1,5 %

A.2 To apply| the graphical method, plot the data in clause A.1 as indicated in figure 7. Read from the graph the thermometer
reading at the pgrcent recovered values corresponding to prescribed percent evaporated values, as shown by the following examples :

Prescribed Corresponding
percent evaporated percent-recovered
5 35
50 48,5
90 88,5

Thermometer
reading

43 °C
100 °C
167 °C

A.3 To apply the arithmetical method, substitute the appropriate data from clause A.1 in the general formula giveh in 9.8.2 as

shown in the following examples:

A.3.1 Thermgmeter reading at 5.%evaporated (3,5 % recovered) :

L 1455 - 365)(35 - 0) _
5"~ 0)

T°C = 36,4 43

A.3.2 Thermdmeter reading at 50 % evaporated (48,5 % recovered):

T°C =895 + : o _ 99,5
(50 — 40)

A.3.3 Thermometer reading at 90 % evaporated (88,5 % recovered) :

o - 1ag + (71 = 149885 — 80,00 _
(90 — 80)

14
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Figure 7 — Graph of distillation data
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B.1 Scope

988 (E)

Annex B

Automatic distillation of petroleum products

(This annex forms an integral part of the standard.)

and field of application

This test method covers the distillation of motor gasolines,
aviation gasolines, aviation turbine fuels, special boiling point
spirits, naphthas, white spirit, kerosines, gas oils, distillate fuel

B.4.4.2 The bottom of the enclosure shall be shaped such
that spilled sample will run to a drain. The top of the drain hole
shall be covered with a fixed wire mesh to prevent any burning
sample from entering the drain system.

oils and similar| petroleum products.

B.2 Principle

A 100 ml sample is distilled in an automatic distillation ap-

paratus under
nature (see ta

rescribed conditions that are appropriate to its
le 5). The automatic apparatus duplicates the

distillation conditions that are described in the manual method.

The prescribe
control offere

conditions are selected from the programme
by the apparatus. A smooth curve of vapour

temperature regadings versus percent of condensate recovered
is recorded by |the apparatus. From this curve corrections are

applied to ob
metric pressurg

in temperature readings corrected for baro-
or on a percent evaporated basis, or both.

B.3 Definitions (see clause 3)

B.4 Appal

B.4.1 Anau

atus

omatic distillation apparatus is used_capable of

controlling the est in accordance with the conditions specified

in table 5 and {

he procedure of the method,

The programmg selected may include-the/use of a dry point

detector and a

cooling system, if reguired, depending on the

nature of the sample. The instrumert’specifications are shown

in the manufac

NOTE — An ay
point or a final b
dry point detectd
detection in reasc

turer's handbook.

fomatic distillation instrument will give either a dry
iling point..Should a dry point be required, an optical
r may be-fitted and optically clear flasks used. Visual
bnably.clear distillation flasks may also be satisfactory.

B.4.4.3 An adjusting system for adjusting heatér height shall
be fitted to facilitate the correct alignment(of the flask with the
condenser inlet. For convenience of operation| the control
spindle for this system shall pass throdgh the engclosure wall.

B.4.5 Heat source, electric, capable of bringing over the
first drop from a cold start within the time specifigd and of con-
tinuing the distillation at the specified rate. A 0 to [| 000 W elec-
tric heater is appropriate.

B.4.6 Flask-support

B.4.6.1 The top of the electric heater shall conpist of a flask
supportboard made of ceramic or other heat-resigtant material,
with.a _central opening, diameter as specified, and a thickness
of.8 to 7 mm at the rim of the opening. The heater unit shall
have a means of locating it in a reproducible manner on the
base.

B.4.6.2 Provision shall be made for moving th¢ heater unit,
with its top, in order to place the distillation flask [so that direct
heat is applied to the flask only through the opening in the flask
support board.

B.4.7 Receiver, 100 mi, with 1 ml subdivisiorls from 90 ml
to 100 mi. Suitable cylinders are supplied by the manufac-
turers.

B.4.8 Recorder charts, appropriate to thp conditions

specified in table 5.

B.4.9 Temperature sensors: Platinum res{stance ther-
mometers or thermocouples having thermpl response
characteristics similar to those of mercury/glass thermometers

B.4.2 Flask,

125 ml, as shown in figure 1.

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

B.4.3 Condenser and cooling bath (see 5.2).

B.4.4 Metal shield or enclosure for flask

B.4.4.1 The flask and heater assembly shall be mounted in a
shield which protects them from draughts. An open-topped
metal enclosure of double-wall construction is suitable.

16

shall be used. The temperature measuring system shall be
designed so that the temperature readings in the corresponding
ranges include the same emergent-stem errors as IP 5C and 6C
and ASTM 7C and 8C thermometers. Thermocouples shall be
calibrated at least once a month.

B.4.10 Standardization

The apparatus shall be standardized frequently against the
manual distillation apparatus.

B.5 Sampling (see clause 6)
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B.6 Preparation of apparatus

The instrument is prepared in accordance with the manufac-
turer’s instructions. The thermocouple or platinum resistance
thermometer and temperature ranges are calibrated as follows :

B.6.1 Potentiometrically for the thermocouple.

B.6.2 Standard resistance box for the platinum resistance
thermometer. The reading of the temperature indicator shall be
checked by distilling pure toluene (b. pt. 110,6 £ 0,3 °C at
101,3 kPa).

1SO 3405 : 1988 (E)

B.8 Procedure

B.8.1 Set the apparatus controls to the positions appropriate
to the group in which the sample being tested belongs (see also
the note to B.4.1). Press the start button.

B.8.2 The apparatus will automatically record the initial boil-
ing point and the end or final boiling point, and plot vapour
temperature versus percent recovered. The apparatus controls
the time lapse between the start and initial boiling point, the
distillation rate and the final heat adjustment. On completion of
the distillation the apparatus will automatically switch off.

B.7 Preparption of apparatus for test

B.7.1 Bring the respective temperatures of the flask, ther-
mocouple/resistance thermometer, receiver, flask support and

receiver compat
testand setup t
turer’s instructid

B.7.2 Fill the
with any non-
temperature req
ethylene glycol
chopped ice is
denser tube.

B.7.3 Remove
pulling through
cord or other su

B.7.4 Bring t
range prescribed
the receiver and
distillation flask,
the vapour tube

B.7.5 Fit the
vided with a sto

or similar suitab)
such that the t

rectly placed in
turer's handboo

tment to their required values for starting the
he instrument in accordance with the manufac-
ns.

condenser box to cover the condenser tube
lammable coolant that is suitable for the
iired by table 5, such as chopped ice, water or
solution, or use mechanical refrigeration. If
used, add sufficient water to cover the con-

any residual liquid in the condenser tube by
vith a piece of soft, lint-free cloth attached to a
table non-conductive line.

he temperature of the sample to within\the
in table 5. Measure 100 ml of the sample in
transfer it as completely as practicable to the
taking care than none of the liquid flows into

thermocouple/resistancé thermometer, pro-
bper of polychloroptene, silicone rubber, cork
e material, tightly into the neck of the flask
hermocouple/resistance thermometer is cor-
relation to the{vapour tube (see the manufac-
).

B.7.6 Place t
and, by means o

e flask containing the charge in its support

cork or similar suitable material through which the vapour tube
has been passed, make a tight connection with the condenser

tube. Adjust the
that the vapour

flask so that it is in the vertical position and so
tube extends into the condenser tube for a

distance of 25 to 50 mm.

B.7.7 Place the receiver into the receiver compartment in the
set position such that the lower end of the condenser tube is
centred in the receiver and extends therein for a distance of at
least 25 mm, but not below the 100 ml mark.

B.7.8 Record the prevailing barometric pressure and pro-
ceed at once with the distillation.

B.8.3 After the flask has cooled, drain thé/coojed liquid re-
maining in the flask into a small cylinder )graduated in 0,1 ml,
and observe its volume. Add this observed volume to the per-
cent recovery in order to obtain the percent totalrecovery.

B.8.4 Deduct the percent total fecovery from 100 to obtain
the uncorrected percent loss.

B.9 Expression of results

B.9.1 For each test, calculate whatever data ar¢ required by
the specification involved or as customarily established for the
sample under test.

B.9.2 Complete the recorder chart, and report all percent-
ages to the nearest 0,5 %, all temperature readlings to the
nearest 0,5 °C and the barometric pressure to|the nearest
0,1 kPa (1 mbar). If a printout is used, percentages shall be
printed at each millilitre and the temperature to|the nearest
0,5 °C.

B.9.3 When the report is to be based on [temperature
readings corrected to 101,3 kPa (1013 mbar)| barometric
pressure (see last paragraph of this sub-clause), obtain the cor-
rection to be applied to each temperature reading by means of
the Sidney Young equation as given below, or by the use of
table 3. After applying the corrections and rounding each result
to the nearest 0,5 °C, use the corrected temperatjire readings
in all further calculations and reporting.

C. = 0,000 09 (101,3 — Py) (273 + tJ)

where
C. is the correction to be added algebraigally to the
observed temperature reading. Convenient approximations

of these corrections are given in table 3;

Py, is the barometric pressure, in kilopascals, prevailing at
the time of the test;

t. is the observed thermometer reading, in degrees
Celsius.

Temperature readings shall be corrected to 101,3 kPa
(1 013 mbar) pressure except when product definitions,
specifications or agreements between the purchaser and the
seller indicate, specifically, that such correction is not required
or that correction shall be made to some other base pressure.
The report shall include the observed pressure and shall state
whether corrections have or have not been applied.
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