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Foreword

150 (the International Organization for Standardizatmn] is aworldwide federation af national standards
bodies (ISO member bodies). The work of preparing International Standards is normally earried out
throvgh I1SO technical committees, Each-member bady interested. in-a subject for which a technical
cominittee has been established has the right to be represented on that committee. lnternational
organizations, governmental and 11ﬂn~gﬂverhmental in ligison with [S0, slsa take part i the wark:

150 collaborates closely with the International Electrotechnical Conimission {IECJ of-all marters of
electrotechnical standardization.

The procedures used to ;:Ievel{ap this document and those intended for its further maintenarce. are
described in the IS{};’ [EC Dirgetives, Pa,Lt 1: Ini particular, the differentapproval criteria néeded for the
different types of 150 IiﬂLLlﬂ'IEHtE‘ shuuld be noted. This dntument was drafted in accordance Wlth the
editﬂrj[a] rules-of the IEG;‘IEC DIFECH%’ES, Part 2 fsee WY gidire '}__E“.irj

Attention is drawn to- thf: pus Slblllt}? that some of the clements of this dmﬂum*ﬂnt may bethe s ubject {}f |
patent Il,g,h“tb 150 shall notbe held Ieapunslble for identifying any or all'such patent rl;g,hta Details of
'an}r patent rights 1dent1f1£:d during the development of the ﬂﬂcumen:t will bre in the Introduction and;‘m*

an the SO lst of patent. declarations received (seewwwisporg/paber 1:5]

ﬁny ‘trade name used in this docunient isinformation given for the Convenience of users-and does not
constitufe an sndorsentant.

For an explanatmn of the veluntary nature of standards, the meaning of 150 Spuh{‘w terms -and.
expressions: related to i;:u:m‘ﬂrlmty da.amﬁnmm: as well as information-about 1SQ% adherence to the
World Trade 01 ganization {WTQ) principles in the Technical Barriersto Trade: fT BTY, seewwwisonrs/
isa/forewaord htnl,

This’ docurent wag’ prep“'-lred by Techrical Comittee Ib@,JTC 226, Materials Sfor the production of
primary aluminiuni.

This second edition cancels and replaces the ficst edition (IS0 T4420:2005), of which it constitutes a

The main changes to the previous edition are:as follows;

— 54 hasbeenrevised toremove micrometer calliper:

—  the formule in Clalse 9, previously Clause 10, liave beer revised;

iv: © 180°2020 ~ Allvights reserved
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Introduction

This decumentis based on DIN 51909:2009.
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INTERNATIONAL STANDARD 1SO 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 Scope

This document specifies a method to determine the coefficient of linear thermal expansion of
carbonaceous or graphite materials (solid materials) for the production of aluminium between 20 °C
and 300 °C. It applies to baked anodes and shaped carbon products.

2 Normative references

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

IS0 13385-1, Geometrical product specifications {GPS}) — Dimensional 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 fellowing terms and definitions apply.

ISO and IEC maintain terminelogical databases tor use in standardization at the following addresses:

— IS0 Online browsing platform: available at htips: //fwww.iso.org/chp

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

3.1

coefficient of linear thermal expansion

o)

coefficient of thermal expansion correlated with the length change of a hody with temperature

Note 1 to entry: The coefficient ot linear thermal expansion, a(#), is calculated using Formula (1]:

1 df
(D)= T (1)
where
! is the length of the test specimen at temperature &,
d is the derivative;
% is the length change with temperature.

@ 180 2020 - All rights reserved 1
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3.2

average coefficient of linear thermal expansion

af{d;0;)

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, a(,;¢, ), is calculated using Formulae
(2) to (4);

- .
(v )=r 21 -1 & (2)
L 30, I AD

Ad=1}, -1 (3)
Al=1, -1, (4]
where

¢y is the lower limit of the temperature interval, in °C;
), is the upper limit of the temperature interval, in °C;
{; s the length of the test specimen, in mm, at temperature 0;

f,  isthe length of the test specimen, in mm, at temperature ..

4 Principle

The average coefficient of linear thermal expansion is determined by means of a push-rod dilatometer.
The test specimen is contained in a sample holder made from low-expansivity material (such as
flint glass). It is heated in a furnace and the length change is transmitted to a mechanical, optical or
electronic measuring system outside the furnace by a push-rod.

The average coeflicient of linear thermal expansion is calculated from the measured length change,
the original length and the temperature change of the test specimen, taking the expansion of the
sample holder and the push-rod into account. Unless otherwise stated, the determination is performed
between a lower limit for the temperature interval of 20 °C (i.e. room temperature) and an upper limit
for the temperature interval of 300 °C.

5 Apparatus

5.1 Dilatometer, with samplc helder and push-rod, for cxample, made from flint glass, as well as a
mechanical, optical or electronic length-measurement device {error limits £ 4,5 pm), for temperatures
above 300 °C in a vacuum or in a protective gas atmosphere.

5.2 Furnace, capable of helding 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 Instrument for measuring lengths, with error limit of = 0,2 %, for example a vernier calliper
according to [SO 13385-1.

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

2 © 150 2020 - All rights reserved
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samples shall have been predetermined by the producer of the measuring equipment or by arecognized
calibration 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 ef 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 preferahly
should be 50 mm to 120 mm.

The test specimens shall be machined on all surfaces by turning or grinding, so that the surfaces in
contact with the push-rad do not deviate from plane parallelism by more than 0,2 mm.

Remove existing stresses in a test specimen by annealing at 1 000 "C in a non-oxidizing atmosphere.

7 Procedure

7.1 Calibration

Calibrate the dilatometer according to 7.2 using calibrated samples.

7.2 Measurement

Mcasurc the sample length {; of the test specimen at temperature 3.

Insert the test specimen into the dilatometer, taking care that the specimen ends are firmly in contact
with the push-rod.

Measure the original length /; of the test specimen at the lower limit of the temperature interval ;. If
the push-rod planes contacting the specimen end surfaces are not spherically or conically shaped, use
connecting pieces to make a point of contact with the specimen end planes.

At the beginning of the measurement, set the measuring system to zero by either adjusting the zero
point of the apparatus, or marking on the recording chart or the photosensitive paper. When using
double dilatometers, with the two dilatometer motions recorded orthogonally, the assignment of the
recording axes to the dilatometers shall also be determined and recorded.

Position the furnace (which may be preheated) around the sample holder. Allow the test specimen to
attain the upper limit of the temperature interval ¥,. Then measure and record the length of the test
specimen /.

If the upper limit of the temperature interval &, is above 300 °C, avoid oxidation of the test specimen hy
applying a suitable protection gas or vacuum.
8 Evaluation

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

1 I, —1 1 FAY]
a(dy;0,)=— 22— g, =— -
o -t b Ad

-, (5)
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¢, is the lower limit of the temperature interval, in °C,
¥, isthe upper limit of the temperature interval, in °C;
{;  is the length of the test specimern, in mm, at temperature &
[,  isthe length of the test specimen, in mm, at temperature v.;

«, isthe mean coefficient of linear thermal expansion, in 1/K, of the sample holder and the push-
rod for the temperature range under consideration.

9 Precision

The precision of this method has been calculated according to ASTM E691, resulting in the following
values.

Repeatabhility:
r=010x= 10K 1
Reproducibility:
R=017 %100 K-

10 Test report

The test report shall include the following information:
a) an identification of the sample;

b) areference to this document, i.e. [SO 14420:2020;
€] pre-treatment of the specimens, if relevant;

d) number of specimens;

e] temperature range of measurement;

f}] the cocfficient of lincar thermal cxpansion, in units of 107¢ K1, rounded to the ncarcst
0,01 x 10-% K1, individual values:

g) any deviations from the procedure, including agreed conditions deviating {rom the procedure and
any unusual features observed;

h) the date of the test.

4 © (50 2020 - All rights reserved
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