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Foreword 

IS0 (the International Organization for Standardization) is a worldwide 
federation of national standards bodies (IS0 member bodies). The work of 
preparing international Standards is normally carried out through IS0 
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. IS0 
collaborates closely with the International Electrotechnical Commission 
(IEC) on all matters of electrotechnical standardization. 

Draft International Standards adopted by the technical committees are 
circulated to the member bodies for voting. Publication as an International 
Standard requires approval by at least 75 % of the member bodies casting 
a vote. 

International Standard IS0 3013 was prepared by Technical Committee 
lSO/TC 28, Petroleum products and lubricants. 

This second edition cancels and replaces the first edition (IS0 3013:1974), 
which has been technically revised, in particular with the inclusion of 
annex A. 

Annex A forms an integral part of this International Standard. 

0 IS0 1997 
All rights reserved. Unless otherwise Specified, no part of this publication may b8 reproduced 
or utilized in any form or by any means, electronic or mechanical, including photocopying and 
microfilm, without permission in writing from the publisher. 

International Organization for Standardization 
Case postal8 56 l CH-1211 Geneve 20 l Switzerland 
Internet central @ iso.ch 
x.400 c=ch; a=4OOnet; p=iso; o=isocs; s=central 

Printed in Switzerland 
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INTERNATIONAL STANDARD @ IS0 IS0 3013:1997(E) 

Petroleum products - Determination of the freezing point 
of aviation fuels 

WARNING - The use of this International Standard may involve hazardous materials, operations and 
equipment. This International Standard does not purport to address all of the safety problems associated 
with its use. It is the responsibility of the user of this International Standard to establish appropriate safety 
and health practices and determine the applicability of regulatory limitations prior to use. 

1 Scope. 
This International Standard specifies a procedure for determining the temperature below which solid hydrocarbon 
crystals are present in aviation turbine fuels or aviation gasolines. 

2 Normative references 

The following standards contain provisions which, through reference in this text, constitute provisions of this 
International Standard. At the time of publication, the editions indicated were valid. All standards are subject to 
revision, and parties to agreements based on this International Standard are encouraged to investigate the 
possibility of applying the most recent editions of the standards listed below. Members of IEC and IS0 maintain 
registers of currently valid International Standards. 

IS0 3170:1988, Petroleum liquids - Manual sampling. 

IS0 3171 :1988, Petroleum kquids - Automa tic pipeline sampling. 

3 Definitions 

For the purposes of this International Standard the following definitions apply: 

3.1 freezing point: The temperature at which solid hydrocarbon crystals, formed on cooling, disappear when the 
temperature of the test sample is allowed to rise. 

3.2 crystallization point: The temperature at which crystals of hydrocarbons first appear when the test sample is 
cooled. 

4 Principle 

The sample tube, containing the test sample, a stirrer, collar and thermometer, is placed in a vacuum flask 
containing a coolant. During the cooling cycle the test sample is stirred vigorously and examined for the formation of 
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IS0 3013:1997(E) @ IS0 

crystals. When crystals are observed, the temperature is recorded as the crystallization point. The jacketed sample 
tube is then removed from the coolant and the test sample allowed to warm up slowly. Stirring continues until all 
crystals disappear, at which point the temperature is recorded as the freezing point. 

5 Reagents and materials 

5A Coolant 

Use one of the following liquids specified in 5.1 .I to 5.1.4 in combination with solid carbon dioxide (5.1.5) or liquid 
nitrogen (5.1.6) under the specified conditions only. 

5.1 .l Propan-SoI [(CH3)2CHOH], commercial grade of dry propan-2-01. 

NOTE - Propan-2-01 is the preferred liquid for use as the coolant. 

5.1.2 Ethanol (C2HSOH), commercial grade of dry ethanol. 

5.1.3 Acetone (CH&OCHs), commercial grade, provided it does not leave a residue. 

5.1.4 Methanol (CH30H), commercial grade of dry methanol. 

5.1.5 Carbon dioxide (solid) or “dry ice”, commercial grade. 

WARNING - Extremely cold, - 78 OC. Liberated gases can cause suffocation. 

NOTE - Mechanical refrigeration is permitted provided that the coolant temperature is in the range - 70 OC to - 80 OC. 

5.1.6 Nitrogen (liquid), commercial grade. Use only when determining the freezing point of aviation gasolines, or 
if the freezing point of the aviation turbine fuel is lower than - 65 OC. 

WARNING - Extremely cold, - 196 OC. Liberated gases can cause suffocation. 

5.2 Nitrogen gas or dry air, a supply of nitrogen gas of low moisture content or dry air shall be used if moisture- 
proof collar A is utilized. 

5.3 Fibreglass, commercial grade, for use in moisture-proof collar B. 

5.4 Dehydrating agent 

Use one of the following: 

5.4.1 Calcium sulfate (CaS04), granulated anhydrous calcium sulfate, for use as a desiccant in moisture-proof 
collar B, or to assist in drying the nitrogen gas or air (5.2) used with collar A. 

5.4.2 Silica gel, 17 mm, for use as a desiccant in moisture-proof collar B, or to assist in drying the nitrogen gas or 
air (5.2) used with collar A. 
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@ IS0 IS0 3013:1997(E) 

6 Apparatus 

See figure 1. 

6.1 Jacketed sample tube, a double walled, unsilvered vessel, similar to a Dewar flask; the space between the 
jacketed sample tube and the outer glass jacket being filled, at atmospheric pressure, with dry nitrogen or air. The 
mouth of the tube shall be closed with a cork stopper supporting the thermometer and collar through which the 
stirrer passes. 

6.2 Collar, as shown is either figure 2 or 3, and moisture-proof to inhibit the ingress of moisture into the test 
sample. 

6.3 Stirrer, a brass or stainless steel rod, 1,6 mm in diameter, bent into a smooth three loop spiral at the bottom. 

NOTE - The stirrer can be mechanically actuated. 

6.4 Vacuum flask, an unsilvered vacuum flask of the dimensions shown in figure 1. The capacity shall be 
sufficient to hold an adequate volume of coolant (5.1) and permit the necessary depth of immersion of the jacketed 
sample tube. 

6.5 Thermometer, conforming to annex A. 

7 Apparatus preparation 

7.1 Glassware 

All glassware shall be clean and dry before use. 

7.2 Collar 

Assemble the collar (6.2), thermometer (6.5) and stirrer (6.3) into the cork. 

7.2.1 Collar type A, flush with nitrogen or dry air (5.2) before fitting to the jacketed sample tube, and throughout 
the entire determination. 

NOTE - The air can be effectively dried by passing through absorbent tubes filled with dehydrating agents (54.1 and 5.4.2). 

7.2.2 Collar type B, fill with fibreglass (5.3) and a suitable dehydrating agent (5.4.1 or 5.4.2) as shown in figure 3. 
The fibreglass shall be replaced every fourth test. The dehydrating agent should be renewed at intervals of not more 
than 3 months or when a colour change shows it to be ineffective. 

7.3 Vacuum flask 

Insert sufficient coolant (5.1) to meet the immersion depth requirements shown in figure 1. 

8 Samples and sampling 

Obtain samples in accordance with IS0 3170, IS0 3171 or an equivalent national standard. 
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Dimensions in millimetres 

Stirrer ‘------\ 

Moisture-proof 
collar 

‘1 Cork stopper 
i 

Thermometer 

Jacketed sample tube 
outer tube: @ ext.: 30 mm 

@ int.: 26 mm 
inner tube: @ ext.: 22 mm 

@ int.: 18 mm 

Unsilvered vacuum - 
Q3 int. 70 mm min. 

Xoolant 

------w-w---- 

Rk 

------------- --- fl ,-Solid carbon dioxide 

flask 

Figure 1 - Apparatus for determining the freezing point of aviation fuels 
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Dimensions in millimetres 

Inlet 
or ni 

Insert into cork 
(stirrer passes 
through tube) 

for dr 
trogen 

y air 

Figure 2 - Moisture-proof collar type A 

Dehydrating agent Dehydrating agent 

Fibreglass 

Dehydrating agent Dehydrating agent 

Insert Insert into cork into cork 
(stirrer passes 
through tube) 

Figure 3 - Moisture-proof collar type B 
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9 Procedure 

9.1 Transfer 25 ml + 1 ml of test sample to the clean and dry jacketed sample tube (6.1). Close the tube tightly 
with the cork holding the stirrer, thermometer and collar; adjust the thermometer position so that its bulb is 10 mm to 
15 mm above the centre of the bottom of the tube. 

9.2 Clamp the jacketed sample tube SO that it extends into the vacuum flask (6.4) containing the coolant. The 
surface of the test sample shall be approximately 15 mm to 20 mm below the level of the coolant. Add solid carbon 
dioxide (5.1.5) as necessary throughout the test to maintain the coolant level in the vacuum flask. 

WARNING - Do not add solid carbon dioxide to liquid nitrogen. 

9.3 Except when making observations, stir the test sample continuously, moving the stirrer up and down at a rate 
of between one cycle per second and 1,5 cycles per second. Stir the test sample from top to bottom, taking care 
that the stirrer loops do not make contact with the bottom of the jacketed sample tube or travel above the test 
sample’s surface. 

9.4 During the cooling cycle examine the test sample for the presence of crystals. Disregard any cloud that 
appears at approximately - 10 OC and does not increase in intensity as the temperature is lowered; this is due to 
water. However should such a cloud appear, note the observation in the report, specifying the temperature when 
the cloud first appeared and a description of its persistence. 

When the formation of crystals is noted, record the temperature as the observed crystallization point. 

NOTES 

1 A diffused, cool, light source is recommended to assist in viewing the formation and disappearance of the crystals. 

2 If it becomes difficult to view the appearance of crystals due to gases released by the coolant, the jacketed sample tube 
may be removed from the coolant for a period not exceeding 10 s. If crystals are found to have already formed, note the 
temperature of the sample and allow the sample to warm until it is 5 OC warmer than the temperature when the crystals are 
seen to disappear. The sample tube should then be replaced in the coolant and allowed to cool. The crystallization point may 
then be observed by removing the sample tube from the coolant when the temperature of the sample is slightly warmer than 
the noted temperature. 

9.5 When the crystallization point has been determined, remove the jacketed sample tube from the coolant, 
continue stirring at a rate of between one cycle per second and 1,5 cycles per second, and allow the test sample to 
warm up slowly. Observe the test sample and when the crystals completely disappear, record the temperature as 
the--observed freezing point. 

IO Expression of results 

Correct the observed freezing and crystallization points by applying the relevant thermometer correction. When the 
observed freezing or crystallization point is between two calibration temperatures, obtain the correction at the 
observed temperature by linear correlation. Report the corrected freezing point to the nearest 0,5 OC. 

11 Precision 

The precision of this method, as obtained by statistical examination of inter-laboratory test results, is as follows: 

11 .l Repeatability, r 

The difference between successive test results, obtained by the same operator with the same apparatus under 
constant operating conditions on identical test material, in the normal and correct operation of the test method, 
would exceed the following value in only one case in twenty. 

r = 0,8 OC 
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0 IS0 IS0 3013:1997(E) 

11.2 Reproducibility, R 

The difference between two single and independent results, obtained by different operators in different laboratories 
on nominally identical test material, in the normal and correct operation of the test method, would exceed the 
following value in only one case in twenty. 

R = 2,3 OC 

NOTES 

1 The precision has been determined according to IS0 4259 except that the rounding rules have not been applied in this 
instance. 

2 The sample matrix on which the precision of this standard is based did not include aviation gasoline. 

12 Test report 

The test report shall contain at least the following information: 

a) 

W 

a reference to this International Standard; 

all details necessary for the complete identification the product tested; 

c) the results of the test (see clause 10); 

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

e) the date of the test. 
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