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1. Scope 2.2.3 The oscilloscope trace must be such gt A T

1.1 This test method covers the determination of the thermdL0 ), andt». can be determined ta:2 %. _
diffusivity of carbons and graphite to5 % at temperatures up ~ 2:2-4 .The other. condltlons are less critical, and the experi-
to 500°C. It requires only a small easily fabricated specimenmMenter is left to his discretion.

Thermal diffusivity values in the range from 0.04 to 2.0%sn L
are readily measurable by this test method; however, for thg' Significance and Use

reason outlined in Section 5, for materials outside this range 3-1 Sulfur, even in very low concentrations, is of concern in
this test method may require modification. a nuclear reactor because of potential corrosion of metallic

1.2 This standard does not purport to address all of theCOmMponents. This test method has the sensitivity to analyze
safety concerns, if any, associated with its use. It is the/€TY low §ulfur contents in graphite using very small samples.
responsibility of the user of this standard to establish appro- 3.2 This test method can be used to characterize graphite for

priate safety and health practices and determine the applicad®Sign purposes.

bility of regulatory limitations prior to use. 4. Apparatus

2. Summary of Test Method 4.1 The essential features of the apparatus are shown in Fig.
2.1 A high-intensity short-duration thermal pulse from a3- The window may be any material that is transparent to the

flash lamp is absorbed on the front surface of a specimen; arftSh source. The specimen holder should be a ceramic or other
the rear surface temperature change as a function of time [@aterial whose thermal conductivity is low relative to that of

observed on an oscilloscope. The pulse raises the averada® sample. , ,
temperature of the specimen only a few degrees above its 4.2 Thermocouplgused to monitor the transient tempera-

initial value. The ambient temperature of the specimen idure response of the rear_Sl_Jrface of the specimen. The wire_ends
controlled by a furnace or cryostat. Thermal diffusivity is Should be prepared to minimize heat losses from the specimen
calculated from the specimen thickness and the time require@ the thermocouple wires (that is, by grinding to points or

for the temperature of the back surface to rise to one half of it§/iPPing) and attached in a manner that prevents penetration
maximum valug(1).2 into the specimen. They are separated by about 1 mm so that

2 2 The critical factors in this test method are: the electrical circuit of the thermocouple is completed through

2.2.1 7/t must be 0.02 or less.is the pulse time as defined the specimen. _ _
in Fig. 1 andt. is the time for the rear surface temperature to 4.3 Oscilloscopewith calibrated sweep speeds that can be
rise to one half of its maximum value (see Fig. 2). varied from 0.1 ms/cm to 0.5 s/cm or more. The vertical
2.2.2 Heat losses from the specimen via radiation, convec@Mplifier section of the oscilloscope should have a frequency
tion, or conduction to the specimen holder must be small’eSponse in the range from 0.06 to 10 kHz to be perfectly

Whether or not this condition is violated can be determinednSensitive to frequency in the range of interest described in

experimentally from the oscilloscope trace, an example opection 5. A minimum vertical deflection sensitivity of 1 C/cm
which is shown in Fig. 2. IA T (10 t2)/A T (t:/,z) > 1.98 the Is recommended. The cathode-ray tube should have a usable

viewing area of at least 40 by 100 mm. A camera is used to

photograph the oscilloscope trace.

- 4.4 Flash Tube—The experimenter has considerable lati-
1 This test method is under the jurisdiction of ASTM Committee D02 on tude in his choice of flash tube. A typical 1000-J unit raises the

Petroleum Products and Lubricants and is the direct responsibility of Subcommittegpecimen temperature from 1 to 3°C. The power supply for

DO2.F on Manufactured Carbon and Graphite Products . uch a unit might consist of a 125-uF capacitor bank charged to
Current edition approved July 26, 1985. Published September 1985. Originally it might co HF cap _ 9

published as C 714 — 72. Last previous edition C 714 — 72. 4000 V; discharge time would be about 1 ms. Either an external

2 The boldface numbers in parentheses refer to the list of references at the end of
this test method.

heat losses are assumed to be zero.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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FIG. 1 Flash Tube Response
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FIG. 2 Example of Oscilloscope Trace Showing Parameters Used to Calculate Thermal Diffusivity
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FIG. 3 Schematic Diagram of Apparatus

trigger device or a delayed trigger pulse from the oscilloscop&acuum may be required for measurements above about

may be used to fire the flash tube. 300°C. The atmosphere in the specimen chamber shall be such
) that specimen mass loss is held to less than 0.5 %. Energize the
5. Test Specimen power supply for the flash tube and generate a thermal pulse.

5.1 The specimen shall be a circular disk, 2 to 4 mm thickObserve the temperature change on the oscilloscope and make
and 6 to 12 mm in diameter; however, several things must badjustments to the sweep rate, if necessary, before pulsing
considered in choosing specimen dimensions. The diameter &gain for a photograph of the trace.
fairly arbitrary except that it must not be too large relative to .
the flash source because the front surface of the specimen mdst Calculation
be illuminated uniformly and, therefore, heated uniformly. 8.1 Calculate the thermal diffusivity, as follows:

Specimen thickness must be selected so1tttiak 0.02, where o = oLt

7 is the pulse time, antd- is defined as in Section 2 and by Fig. 2

2. However, the temperature-rise time must not be so long that

heat is also lost radially to the specimen holder. In meeting,yhere:

these criteria, the time for the rear surface temperature to reach = thickness of the specimen, cm,

one half its maximum should be between 0.02 and 0.10's. t,, = time for the rear surface temperature to rise to one half

5.2 The specimen thickness should be measured with an of its maximum value, s, and
accuracy of+0.01 mm. Front and rear surfaces should be , = parameter that is a function of the heat loss.
parallel to within+0.01 mm and the surfaces should be flat to For the ideal case of zero heat l10S8T[(10 ts.)/AT (i) >
within £0.01 mm. 1.98] and sufficiently small pulse widthr/t-< 0.02), » =

I 0.139.

6. Calibration 8.2 Where heat losses from the sample are significant or
6.1 Since this is an absolute method, no calibragienseis  where the duration of the thermal pulse is not sufficiently short,
required. However, the accuracy of the equipment should bgchniques have been developed for applying the necessary
certified by measuring the thermal diffusivity of a suitable corrections(2,3,4,5).

standard in the temperature range of interest, for example,

Armco iron. 9. Report
6.2 The oscilloscope sweep rate shall be calibrated with a 9.1 The report shall include the following:
time mark generator. 9.1.1 Thermal pulse source,
9.1.2 Method of calculation,
7. Procedure 9.1.3 Identification and previous history of the test speci-

7.1 Mount the specimen in its holder and place the thermomen,
couple in contact with the rear surface of the specimen. 9.1.4 Ambient temperature of the specimen,
Position the specimen holder inside the specimen chamber, and9.1.5 Calculated value of thermal diffusivity, and
place the assembly in the furnace or cryostat. An inert gas or 9.1.6 Density of the specimen.
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