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JAPANESE INDUSTRIAL STANDARD JIS R 1667 : 2005

Determination of thermal diffusivity of
continuous fiber-reinforced ceramic
matrix composites by the laser flash

method

1 Scope This Japanese Industrial Standard specifies measuring method of thermal
diffusivity from room temperature to 1300 K for continuous fiber-reinforced ceramic
matrix composites composed of continuous fiber-reinforced ceramic and ceramic matrix
by laser flash method.

2 Normative references The following standards contain provisions which, through
reference in this text, constitute provisions of this Standard. The most recent editions
of the standards (including amendments) indicated below shall be applied.

JIS B 0601 Geometrical Product Specification (GPS)—Surface texture - Profile
method—Terms, definitions and surface texture parameters

JIS B 7502 Micrometer callipers
JIS B 7506 Gauge blocks
JIS R 1600 Glossary of terms relating to fine ceramics

JISR 1611 Test methods of thermal diffusivity, specific heat capacity, and ther-
mal conductivity for fine ceramics by laser flash method

JIS Z 8401 Guide to the rounding of numbers

3 Terms and definitions For the purpose of this Standard, the definitions given in
JIS R 1600 and the following definitions apply.

a) effective thermal diffusivity at a heterogeneous material composed of plural
phases and different composition, structure and properties at the place, effective
thermal diffusivity specified as the interior of sufficiently small domain compared
with the test specimen is similar to be macroscopically uniform, and the domain
indicates a heat response as if a uniform materials (see figure 2)

When the effective thermal diffusivity of each domain is equal, the thermal dif-
fusivity of the whole test specimen is specified and 1t is equal to the thermal diffu-
sivity of each domain.

b) temperature rising curve a curve to indicate the time change of the back surface
temperature of the test specimen by pulse heating

¢) model function analytical solution of the temperature rising curve calculated un-
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der the supposed initial condition and boundary condition

d) stationary temperature (73) the temperature of test specimen hold stationary be-
fore pulse heating

e) maximum temperature rising (47,) the difference between the maximum value of
temperature rising curve and the stationary temperature

f) measured temperature (7)) the effective temperature of the test specimen consid-
ering the temperature rise by pulse heating

g) Biot number (Bi) dimensionless number to express the quantity of heat loss to the
surrounding from the test specimen

h) pulse width (%) the time possible to keep the half or more power of the maximum
value on the time curve of laser pulse energy

i) origin of analysis time (%) the time of impulse heating in the data analysis to cal-
culate the thermal diffusivity from the temperature rising curve

j) laser pulse build up time (%) the time to start the laser pulse emission

k) gravity centre time of pulse (%) the gravity centre time on the time axis of laser
pulse energy surveyed

1) half-time (4/2) the necessary time to reach the half of the maximum temperature
rise from the origin of analytical time at the temperature rising curve

m) temperature rising area at the temperature rising curve, the time range in which
the temperature rises with time

n) temperature falling area at the temperature rising curve, the time range in which
the temperature falls with time

0) time constant of cooling (%) the time constant of mitigation to be fitted with a ex-
ponential function converging to the stationary temperature for the temperature
falling area of the temperature rising curve

p) extrapolating temperature rise (A7) the value of exponential function at the
origin of analytical time to be fitted with a exponential function converging to the
stationary temperature for the temperature falling area of the temperature rising
curve

q) adiabatic temperature rise (A7) the maximum temperature rise under the ideal
condition of no heat loss in the temperature rising curve

r) initial noise the signal varying into spike-like observed close to the time of pulse
heating time in the temperature rising curve

s) trigger signal the signal to transmit the time of pulse heating to the recording
apparatus
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4 Thermal diffusivity of continuous fiber-reinforced ceramic matrix composites Con-
tinuous fiber-reinforced ceramic matrix composites is composed of continuous fi-
ber-reinforced ceramic and ceramic matrix, and structure and properties varies at the
place. Therefore, there 1s no unique and universal heat characteristic value. However,
even for these heterogeneous material, sufficiently small area compared with the test
specimen and the area to contain equally the each phase exists, and it is possible to in-
dicate the average heat response within the area as one value, if the size of each phase
is as small as sufficiently to the size of the test specimen. This value is called as effec-
tive heat properties at the area. As for effective heat properties concerning to the tran-
sition and accumulation of heat energy, there are effective heat conductivity and effec-
tive thermal diffusivity. As for specific heat capacity and density, the effective value is
the same to the mean value in the area. The relationship of the following exists.

Effective thermal diffusivity = effective heat conductivity / (mean specific heat ca-
pacity x mean density).

In this Standard, the determination of thermal diffusivity by the laser flash method
is specified as far as it can be considered for each phase of sufficiently small continuous
fiber compared with the test specimen and fiber matrix distributed over the whole test
specimen uniformly.

Information : The thermal diffusivity of ceramic matrix composite containing
continuous fiber-reinforced ceramic is anisotropic depending upon
the fiber orientation. As for the anisotropic, the diagonal element
of heat diffusivity tensor can be obtained by measuring the plural
test specimen corresponding to the fiber orientation.

5 Apparatus and equipment Apparatus shall be able to obtain the thermal diffusiv-
ity from the temperature rising curve of back surface temperature of the test specimen
by pulse heating uniformly on the surface of test specimen, and consists of laser radia-
tion equipment, contact thermometer, temperature response measuring apparatus,
measuring circuit, recording apparatus, test specimen container, electric furnace, tem-
perature control apparatus and test specimen holder as shown in figure 1. The detail of
equipment shall be as JISR 1611.

The measuring container may be sufficient of the vacuum of 1 Pa or under, argon
atmosphere or nitrogen atmosphere at the atmosphere temperature of 1 200 K or un-
der (1) according to the characteristic of continuous fiber-reinforced ceramic matrix
composites.

Note (1) Tt may react violently at the vacuum condition of about 1 Pa if the at-
mosphere temperature is 1 200 K or over. Some materials may react at
the nitrogen atmosphere of 1 400 K.
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Figure 1 Example of diagram of heat diffusivity measuring
equipment by laser flash method

6 Test specimen

6.1 Shape The circular of 10 mm diameter shall be a standard, and generally the
inscribed circle of test specimen shall be larger than the area of test specimen tem-
perature measuring area and the circumscribed circle of the circular plate or convex
polygon of test specimen can be fitted to the range of uniform energy distribution at the
time of heating.

6.2 Thickness The dimension deviation (2) of the front and back surfaces and the
roughness of the front and back surfaces shall be 0.5 % or under to the thickness (see
JIS B 0601). The lower limit of test specimen thickness depends upon the thermal dif-
fusivity, and the thickness shall be such that the half-time be 3 times or over of pulse
width. The higher limit of test specimen thickness shall be (the diameter of inscribed
circle of the test specimen) x 0.4 or under.

Note (2) For the definition of dimension allowance, see JIS B 7506.

6.3 Blackening treatment For the materials transmitting the laser beam or difficult
to absorb the laser beam, black film is coated thinly and uniformly over the surface to
be heated of test specimen by the spraying, depositing or spattering of spray liquid
containing a carbon articulate. The similar treatment shall be performed to the mate-
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