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JAPANESE INDUSTRIAL STANDARD JIS

Measuring method R 1618-1994
of thermal expansion of fine ceramics
by thermomechanical analysis

1. Scope This Japanese Industrial Standard specifies the measuring method
of thermal expansion of fine ceramics, using a thermomechanical analyzer which
has a detection bar and a supporting tube made of molten quartz and alumina.

Remarks: The following standards are cited in this Standard:

JIS B 0621 Definitions and designations of geometrical devia-
tions

JIS B 7502 Micrometer callipers for external measurement
JIS C 1602 Thermocouples
JIS Z 8401 Rules for rounding off of numerical values

JIS Z 8704 Temperature measurement — Electrical methods

2. Definitions For the purpose of this Standard, the following definitions of
principal terms apply.

(1) thermomechanical analysis = Measurement of dimensional change of a
substance as a function of temperature or time, where the substance 1is
subjected to a certain small load and the temperature of substance 1s
changed according to the controlled program.

(2) thermal expansion curve A curve drawn in thermomechanical analysis,
where the abscissa represents temperature or time, and the ordinate,
dimensional change.

(3) linear thermal expansion @ When the temperature has changed from T to
T,, assume that the length of specimen changes from L; to L;. The ratio
AL/L, of change of length AL (= L, — L) to the length Ly at room tempera-
ture is defined as the linear thermal expansion between temperatures 7T,
and Tg.

(4) mean linear thermal expansion coefficient At (3), the linear thermal
expansion is divided by AT (= T — T1). The quotient, @ = AL/L, - AT) is
defined as the mean linear thermal expansion coefficient between tempera-
tures T, and 7.

(5) linear thermal expansion coetficient At (4), the value of & at the limit of

T, —+ T4, (@), is defined as linear thermal expansion coefficient.

3. Apparatus The measuring apparatus consists of a deflection meter, and a
temperature measuring and controlling unit, meeting the following performance.
The example of type of measuring apparatus is described in Annex.

(1) Detection sensitivity of deflection = The change of length of 0.1 um of
specimen can be detected.
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(2) Setting of temperature-rising speed  The temperature of specimen can be
raised at a certain speed (example: 5 K/min).

(3) Temperature measurement  The specimen temperature should preferably
be measured by a JIS C 1602 thermocouple according to a JIS Z 8704
method of electrical measurement of temperature.

(4) Measuring atmosphere  Around a specimen, gas (dry air, nitrogen, inac-
tive gas) of a certain flow rate can flow.

4. Specimen and reference specimen

4.1 Specimen  The standard shape and dimension of specimen shall be as
follows. The length of a square or round bar shall be 10 mm to 20 mm. The
cross section shall be a square with about 5§ mm side, or a circle with about 5 mm
diameter. The tolerance of parallelism of both ends specified in JIS B 0621 shall
be 25 um. If there is any limitation by a measuring apparatus, or if there is an
agreement between the parties concerned with delivery, the specimen may not
meet these conditions. The length of specimen shall be measured by a JIS B
7502 micrometer callipers for external measurement up to the digit of 0.1 mm.
Plural specimens should preferably be prepared.

4.2 Reference specimen  The linear thermal expansion coefficient shall be
known in the test temperature range. The shape and dimensions should be the
same as those of specimen. The material should preferably be the same as the
detection bar of thermomechanical analyzer. Namely, they should preferably be
molten quartz and alumina, respectively. The Annex indicates the recommended
value for linear thermal expansion coefficient of molten quartz and alumina.

5. Calibration of apparatus

5.1 Calibration of deflection A JIS B 7502 micrometer callipers for external
measurement, or a micrometer callipers attached to apparatus shall calibrate the
output of deflection meter.

Use the specimen of the same material and dimensions as the reference
specimen, and measure the baseline change at the same measurement condition

as the actual condition.

5.2 Calibration of temperature = The calibration specimen of purity of not less
than 99.9 % as shown in Table 1 shall be used for the calibration of thermometer
used. Use the same condition (load, temperature-rising speed, atmosphere) as the
actual measurement. Measure the output voltage of thermocouple when the
detection bar deflects accompanying the melting of calibration specimen (thick-
ness, about 5 mm). The determination of melting temperature is indicated in
Annex.
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Table 1. Temperature calibration specimen

Substance Melting point

too "C) T (K)
Indium 156.6 429.7
Tin 231.9 505.1
Zinc 419.5 692.7
Aluminum 660.3 933.5
Silver 961.8 1234.9
Gold 1064.2 1337.3

Remarks: In ITS-90, the above-mentioned values

The arrangement of specimen for melting point measurement is exemplified in
Fig. 1. The vessels A and B shall be used the same material as the reference

specimen.

Fig. 1. Example of arrangement of melting point measurement
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The calibration at arbitrary temperature is required to measure the linear
thermal expansion coefficient. The calibration specimens are used for melting
point measurement. Use the measured values of two kinds of calibration speci-
men which is close to that temperature. Calculate it by linear approximation.

The calibration method of temperature is described in Annex.
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