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INTERNATIONAL STANDARD

1SO 4451-1980 (E)

Polyethylene (PE) pipes and fittings — Determination of
reference density of uncoloured and black polyethylenes

1 Scope and field of application

This International Standard specifies the method for the deter-
mination of the reference density of polyethylene (PE) pipes
and fittings.

It applies to polyethylene pipes and fittings, whatever their in-
tended use, which contain only antioxidants or stabilizers
necessary for a satisfactory service life and, if necessary, car-
bon black.

NOTE — A method for the determination of the reference density of
polyethylenes coloured by pigments other than carbon black is under
study.

2 References

ISO/R 1183, Plastics — Methods for determining the density
and relative density (specific gravity) of plastics excluding
cellular plastics.

ISO 1872, Polyethylene thermoplastic materials — Designa-
tion.

ISO 4056, Polyethylene (PE) pipes and fittings — Designation
of polyethylene, based on nominal density and melt flow index.

3 Definition

3.1 reference density of polyethylene pipes and fit-
tings : The density measured at 23 + 0,1 °C, after annealing
by the method described in this International Standard, with an
accuracy of + 0,001 g/cm3. This value represents the max-
imum value for the density of the product. The relationship bet-
ween reference density and nominal density is given in the an-
nex.

4 Test pieces

4.1 Preparation

Cut from the pipe or fitting to be tested two test pieces of
shape and size in accordance with the requirements of the
method of test for density which is chosen.

4.2 Conditioning

Condition the test pieces in an“ovenwith air circulation by the
following method :

4.2.1 Keep the test'pieces in-the oven at 150 + 2 °C for 1 h.

4.2.2 Leave the test pieces to-coollin_the oven in such a man-
ner that the temperature falls by 5 70,5 °C/h until it reaches
40 °C.

4.2.3 Remove the test pieces from the oven and allow them to
cool in the air until the temperature reaches 23 °C.

NOTE — The conditions specified above are satisfactory for pipe sizes
in common use. As it is necessary for the specified temperature to be
reached throughout the thickness of the test piece, it may be
necessary, in the case of a very thick test piece (for example of a
thickness greater than 15 mm) to increase the specified conditioning
time.

5 Measurement of density

5.1 Use a method having an accuracy of + 0,000 1 g/cm3;
for example one of the methods described in ISO/R 1183.

5.2 Make the measurement at 23 + 0,1 °C.

NOTE — The reference temperature of 23 °C has been adopted for this
International Standard. For the guidance of those using a temperature
of 20 °C, the density of polyethylene decreases by approximately
0,000 6 g/cm3 for each 1 °C rise in temperature over the range from 20
to 23 °C. A similar correction should be applied if the test is performed
at 27 °C.

6 Expression of resuits

6.1 If the pipe material consists solely of the polymer, take
the reference density as the density determined in accordance
with clause 5.
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6.2 If the pipe material contains carbon black, calculate the
reference density, o, 23, in grams per cubic centimetre at
23 °C, by the following formula :

0,23 = 023 — 0,004 5 ¢

where

023 is the density of the test pieces, in grams per cubic
centimetre, determined in accordance with clause 5;

c

is the carbon black content, as a percentage by mass.
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Annex

Relationship between reference density and nominal density

As the nominal density is one of the criteria for the designation of polyethylenes (see ISO 4056 and ISO 1872), it has been considered
useful to indicate here the relationship between the reference density, as determined in accordance with this International Standard,

and the nominal density.

The nominal density at 23 °C, ¢, 23 in grams per cubic centimetre, is given by the formula :
0,23 = (0,793 x p,23) + 0,188

where o, 23 is the reference density, in grams per cubic centimetre.

A graph showing the relationship between the reference density and nominal density-is given in the figdre!
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