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Foreword

This Section of BS 7134 has been prepared under the
direction of the Refractory Products Standards Policy
Committee. It is one of a series of Sections describing the
testing of ceramics used in the engineering industry.

This Section is to be read in conjunction with BS 7134 :
Part O ‘Introduction and guide to sampling’ which
describes the type of products which may be tested and
also lists the Parts and Sections of BS 7134.

Compliance with a British Standard does not of itself
confer immunity from legal obligations.
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Method

1 Scope

This Section of BS 7134 describes a method for the deter-
mination of thermal diffusivity of engineering ceramics,

to an accuracy of approximately * 5 %. It is suitable for
the measurement of thermal diffusivity values in the range
0.1 mm?/s to 100 mm? /s, at temperatures greater than
-180 °C.

Appendix A gives the mathematical derivation of the
calculations, and appendix B contains instruction on
actions necessary when the calculations cannot be made in
the usual way.

NOTE 1. It is not advisable to exceed the temperature at which the
test piece was manufactured.

NOTE 2. This method involves the use of a high powered pulse
laser system or high energy photoflash equipment as well as high
vacuum and high temperature furnace capability. Such equipment
therefore should be operated within established safety procedures.
See BS 4803 : Part 3.

NOTE 3. The titles of the publications referred to in this standard
are listed on the inside back cover.

2 Definitions

For the purposes of this Section of this British Standard,
the following definitions apply.

2.1 thermal conductivity. Density of heat flow rate divided
by temperature gradient.

2.2 thermal diffusivity. Thermal conductivity divided by
heat capacity per unit volume.

2.3 volumetric specific heat. The heat capacity per unit
volume.

2.4 transient half time. The time required for the tempera-
ture to rise to half of its peak or maximum.

3 Principle

Thermal diffusivity is a measure of the heat flow in a
material under non-steady state conditions. It can also be
related to thermal conductivity via the volumetric specific
heat of the material using the following relationship:

(1)

where

o is thermal diffusivity;

X is thermal conductivity;

p is density;

Cp is volumetric specific heat.

Thermal diffusivity is measured by applying a high intensity
short duration heat pulse to one face of a parallel sided
homogeneous test piece, monitoring the temperature rise

at the opposite face as a function of time, and determining
the transient half time (to s ). The transient temperature

rise (see appendix A} is shown schematically in figure 1.
The signal from the temperature detector is recorded with

The experimental data are subject to both systematic and
random errors, e.g. those associated with the following:

(a) test piece thickness determination;

(b) time measurement on transient curve;

(c) response time of detectors;

(d) response time of recording and analysis equipment;
(e) trigger delays;

(f) non-uniform heating of the test piece.

NOTE. improvement in the accuracy can be obtained by increasing
the sophistication of the data collection and analysis systems.

4 Apparatus

NOTE. The essential features of the apparatus are shown in figure 2.

4.1 Heat pulse source, which may be a pulsed laser, a flash
tube or an electron beam. The pulse energy shall be uniform
over the face of the test piece.

NOTE 1. This is reasonably simple to achieve in the case of the
flash lamp, which should be housed in a totally reflecting box with
a hole and a light guide of approximately 25 mm diameter abutting
the sample.

The pulse source shall produce a rise in temperature not
exceeding 5 K on the rear face of the test piece.

For measurements at high temperature, the use of a laser
is recommended; flash tubes are usually restricted to a

. o
maximum of 400 "C.
NOTE 2. Where a laser is used, it is recommended that a Nd -glass
laser system is utilized because of its excellent beam uniformity
over the whole diameter. ‘Footprint’ paper or photographic film
can be used to monitor this uniformity; and to align the beam
centrally on the sample front face.

4.2 Environmental control chamber.

4.2.1 General. The environmental control chamber shall
be either a furnace (4.2.2) or a cryostat (4.2.3).

4.2.2 Furnace, capable of operation within the tempera-
ture range required.

The heating elements for the furnace may be constructed
from either:

(a) nickel-chrome alloy, for temperatures up to 1000 °c;

(b} platinum or silicon carbide, for temperatures up
to 1500 °C; or

(c) graphite, tantalum or tungsten, for temperatures
above 1500 °C.

In steady state conditions, the drift in temperature shall

be less than 0.01 K/s. The temperature of the test piece
shall be monitored either by a thermocouple (see BS 4937)
or by a two-colour optical pyrometer.

An inert atmosphere or vacuum shall be used to protect
the furnace from oxidation, and the test piece from
structure/phase changes, stoichiometric changes and
compatibility problems. The furnace shall either be fitted
with a window, transparent to the pulse radiation, or else
the heat pulse source may be placed inside the furnace.

an appropriate data acquisition system.

4.2.3 Cryostat, capable of temperature contrmw ments
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4.3 Transient detector

4.3.1 General. The transient detector shall be either an
infra-red detector (4.3.2) or a thermocouple (4.3.3). It shall
be capable of detecting changes of 0.05 K in the tempera-
ture of the test piece with a rapid time response, and shall
have a fast (200 ps} linear response with temperature,

over the temperature range of the transient {5 K).

4.3.2 Infra-red detector, of type appropriate to the
minimum test piece temperature required, e.g. liquid
nitrogen cooled InSb cell (for test piece temperatures down
to 40 °C) or a PbS cell (for test piece temperatures down
to 250 °C).

The detector shall be kept at some distance from the test
piece (remote from the high temperature environment) and
hence a lens shall be used to focus the radiation from the
centre of the rear face on to the detector. Therefore,

all viewing windows and lenses shall transmit radiation in
the appropriate wavelength band. The sensor shall always
be protected against damage or saturation from the laser
beam energy.

4.3.3 Thermocouple, of the chromel constantan type,

of wire diameter 0.15 mm, for measurement at ambient
temperatures (up to 40 °C) and below.

NOTE. The thermocouple may serve a secondary purpose of
monitoring the test piece temperature by switching into a digital
thermometer.

The wire ends of the thermocouple shall be prepared to
minimize heat losses from the test piece into the wires,
and are pressed against the test piece by using fine (1 mm
to 2 mm diameter) twin bore alumina tube and springs
(see figure 3).

Non-conducting test pieces shall be coated on the rear face
(see 5.3} in order to effect the thermocouple junction,
where the wires are open ended and separated by approxi-
mately 1 mm. The extra thickness of the high conductivity
coating shall not increase the transient at 0.5 % by more
than 1 % and this shall be checked by calculation.

4.4 Signal amplifiers, including spike protections, analogue-
digital converters, high temperature bias circuitry. These
shall have low noise and fast response so as not to introduce
errors into the transient measurements. None of the
electronic components shall become saturated nor shall the
signals become distorted.

4.5 Data acquisition system, such as a computer data pro-
cessor (preferred) or an oscilloscope. The system shall be
equipped with an accurate means of recording the energy
pulse to initiate the recording system.

NOTE. The computer data processor is able to analyse a few
thousands of data points from the transient, and can be programmed
to drive the laser and trigger systems, collect data, analyse for heat
losses etc., print out results and produce plots of thermal diffusivity
against temperature. The oscilloscope is not very accurate and
requires a means to photograph the trace for manual analysis.

It is important in both cases to verify the accuracy of time bases
and response times.
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5 Test pieces

5.1 Sampling

Test pieces or components should be sampled according
to the guidance given in BS 7134 : Part O.

A minimum of three test pieces, preferably six, shall be
cut (see 5.2) from the same bulk material to obtain a level
of the material variability. Where measurements are
required over a large temperature range then the minimum
number of test pieces shall be prepared in each of two
thicknesses, one for high temperature and one for low
temperature measurement, with an overlap of at least two
measurement points (for comparison), and also a measure-
ment at 20 °C (see note 4 of 5.2).

5.2 Size

The test piece shall be of sufficient size to enable a circular
disc or a square plate of between 6 mm and 15 mm diameter
or side to be exposed to the laser beam. The bulk material
shall be as far as possible homogeneous, and consist of a
single solid phase with grain and pore sizes of a few micro-
metres or tens of micrometres.

NOTE 1. The microstructure of the ceramic can influence the results.

Test pieces for use on the laser system (4.1) shall have a
diameter less than the laser rod diameter, or sides short
enough to allow coverage of the test piece by the laser.

The test piece thickness shall be chosen to be as follows:
(a) representative of the bulk material;

(b} thick enough so that the to 5 value (see equation (2))
is > 50 times the heat pulse width, thus reducing the
finite pulse time effect, and so that the transient half
time is within the range 0.05s to 0.2 s;

(c) thin enough to minimize the heat loss from the test
piece surface, taking account of (b) above.

NOTE 2. Heat losses may also occur through the sample holder
and this can be reduced by holding the sample at three points only.

NOTE 3. Normally, the thickness of a test piece should be > 10
times the size of any heterogeneities.

NOTE 4. The optimum test piece thickness within the range depends
on the magnitude of the estimated thermal diffusivity. Many
ceramics possess a large negative temperature dependence of thermal
diffusivity and as measurement temperatures increase, tg 5 values
increase. Therefore, in order to enable accurate measurement of the
rear face temperature rise with little or no correction, it is necessary
to use a second test piece (see 5.1) with reduced thickness as
measurement temperatures increase, whilst observing the thickness
and homogeneity criteria above.

The thickness shall be measured, using a transducer, to an
accuracy of 0.5 % and shall be uniform within £ 1.0 %
across a diameter or side of square.

NOTE 5. The diameter or side of square is not critical as the
aperture stop will adjust for any irregularities. However, the outer
diameter should not be in contact with more of the test piece

holder than necessary to give good support, and preferably at only
three points or studs, to minimize the heat loss to the hoider.
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