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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.
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Introduction

This document is based on DIN 51909:20009.
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INTERNATIONAL STANDARD ISO 14420:2020(E)

Carbonaceous products for the production of

aluminium — Baked anodes and shaped carbon products
— Determination of the coefficient of linear thermal
expansion

1 $cope

This| document specifies a method to determine the coefficient of linear thermal ekpansion of
carbpnaceous or graphite materials (solid materials) for the production of aluminjum befween 20 °C
and 300 °C. It applies to baked anodes and shaped carbon products.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated referencés, only the edition cited [applies. For
unddted references, the latest edition of the referenced documént (including any amendments) applies.

ISO 13385-1, Geometrical product specifications (GPS) — Pimensional measuring equipment — Part 1:
Design and metrological characteristics of callipers

DIN 1333, Presentation of numerical data

3 Terms and definitions
For the purposes of this document, the féllowing terms and definitions apply.

ISO gnd [EC maintain terminological databases for use in standardization at the following gddresses:

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

— IEC Electropedia: available at http://www.electropedia.org/

3.1
coefficient of linear)thermal expansion
a(9)
coefflicient of€hermal expansion correlated with the length change of a body with temperature

Note [L toeentry: The coefficient of linear thermal expansion, a(9), is calculated using Formula (1):

1 dl
a(d)= T 4o (1)
where
l is the length of the test specimen at temperature J;
d is the derivative;

d! . .
15 s the length change with temperature.
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average coefficient of linear thermal expansion

a(91;9,)

mean coefficient of thermal expansion correlated with the length change of a body with temperature

Note 1 to entry: The average coefficient of linear thermal expansion, (%, ;%, ), is calculated using Formulae

(2) to (4):
1 L-1 1 Al
i) =5 =5 1 he 3
1 27%1 h

A9 =0, 7, (3)

Al=1, (4)
where

¥, is the lower limit of the temperature interval, in °C;

¥, is the upper limit of the temperature interval, in °C;

l;  isthe length of the test specimen, in mm, at temperature 9

I,  is the length of the test specimen, in mm, at temperatured,.
4 Principle
The averagg coefficient of linear thermal expansion is‘determined by means of a push-rod dilatonpeter.
The test specimen is contained in a sample holder made from low-expansivity material (su¢h as
flint glass). [t is heated in a furnace and the length change is transmitted to a mechanical, optidal or
electronic measuring system outside the fuynace by a push-rod.
The average coefficient of linear thermak expansion is calculated from the measured length change,
the original length and the temperdture change of the test specimen, taking the expansion of the
sample holder and the push-rod inte_dccount. Unless otherwise stated, the determination is perfoymed
between a lpwer limit for the terhperature interval of 20 °C (i.e. room temperature) and an upper |limit
for the temperature interval 0£300 °C.
5 Apparatus
5.1 Dilatgmetér;with sample holder and push-rod, for example, made from flint glass, as well as a
mechanical,|optical or electronic length-measurement device (error limits + 0,5 pm), for temperafures
above 300 °Cinravacuum orina protective gas atmosphere.

5.2 Furnace, capable of holding the temperature constant to within + 0,5 % over the length of the test

specimen.

5.3 Temperature-measuring device, for example, a thermocouple with indicating instrument,
accurate to within + 0,5 %, to determine the average test-specimen temperature.

5.4

according to ISO 13385-1.

Instrument for measuring lengths, with error limit of + 0,2 %, for example a vernier calliper

5.5 Calibration samples, made from materials with known thermal expansion in the range of the
material to be measured and made with similar geometry. The thermal expansion of calibration
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samples shall have been predetermined by the producer of the measuring equipment or by a recognized

calib

ration authority.

6 Specimens

Prepare a test specimen of cylindrical or prismatic geometry. The cylinder diameter or the prism
transverse edge length shall be at least twice the diameter of the largest structural constituent (for
example maximum grain size) of the material to be examined, and in no case smaller than 4 mm
(typically 30 mm to 50 mm). The length of the test specimens shall be at least 25 mm, but preferably

shou

Id be 50 mm to 120 mm.
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fest specimens shall be machined on all surfaces by turning or grinding, so that the
ct with the push-rod do not deviate from plane parallelism by more than 0,2 mna:

pve existing stresses in a test specimen by annealing at 1 000 °C in a non-oxidizing atnj

Procedure

Calibration

rate the dilatometer according to 7.2 using calibrated samples.

Measurement
ure the sample length /; of the test specimen at.téniperature 9;.

t the test specimen into the dilatometer, taking care that the specimen ends are firm
the push-rod.

ush-rod planes contacting the specithen end surfaces are not spherically or conically
ecting pieces to make a point of eontact with the specimen end planes.

e beginning of the measurément, set the measuring system to zero by either adjust
of the apparatus, or markKing on the recording chart or the photosensitive paper.
le dilatometers, with-the two dilatometer motions recorded orthogonally, the assign
rding axes to the dilatometers shall also be determined and recorded.

ion the furnaee(which may be preheated) around the sample holder. Allow the test
h the upper 4imit of the temperature interval ¥,. Then measure and record the lengt
men /,.

uppérlimit of the temperature interval 9, is above 300 °C, avoid oxidation of the test
ring a suitable protection gas or vacuum.

surfaces in

losphere.

y in contact

ure the original length [; of the test.specimen at the lower limit of the temperature ipterval 9,. If

shaped, use

ng the zero
When using
ment of the

specimen to
h of the test

tpecimen by

8 Evaluation

Calculate the average coefficient of linear thermal expansion, «, in units of 1/K, according to Formula 5):

1 Al

1 I, -1
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