NOTICE: This standard has either been superseded and replaced by a new version or
withdrawn. Contact ASTM International (www.astm.org) for the latest information.

QHW Designation: D 5930 — 97
AMERICAN SOCIETY FOR TESTING AND MATERIALS

100 Barr Harbor Dr., West Conshohocken, PA 19428
Reprinted from the Annual Book of ASTM Standards. Copyright ASTM

Standard Test Method for
Thermal Conductivity of Plastics by Means of a Transient
Line-Source Technique *

This standard is issued under the fixed designation D 5930; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 3. Terminology

1.1 This test method covers the determination of the thermal 3.1 Definitions—Terminology used in this standard is in
conductivity of plastics over a temperature range from — 40 taccordance with Terminology D 883.
400°C. The thermal conductivity of materials in the range from 3.2 Definitions of Terms Specific to This Standard:
0.08 to 2.0 W/m.K can be measured covering thermoplastics, 3.2.1 temperature transient,-Athe temperature rise associ-

thermosets, and rubbers, filled and reinforced. ated with the perturbation of a system, initially at a uniform
1.2 The values stated in Sl units are to be regarded a®mperature. The system does not attain thermal equilibrium
standard. during the transient.

1.3 This standard does not purport to address the safety 3.2.2 thermal conductivity, A-the time rate of steady heat
concerns, if any, associated with its use. It is the responsibilitflow/unit area through unit thickness of a homogeneous mate-
of the user of this standard to establish proper safety andial in a direction perpendicular to the surface induced by a unit
health practices and determine the applicability of regulatorytemperature difference.
limitations prior to use. 3.2.2.1 Discussior—Where other modes of heat transfer are
present in addition to conduction, such as convection and

N 1—There is no current ISO document that duplicates this tes N4 1 -
o i radiation, this property often is referred to as the apparent

method. .
thermal conductivityh,,,
2. Referenced Documents 3.2.2.2 Discussior—Thermal conductivity must be associ-
21 ASTM Standards: ated with the conditions under which it is measured, such as

C 177 Test Method for Steady-State Heat Flux Measurelémperature and pressure, as well as the compositional varia-

ments and Thermal Transmission Properties by Means dfon ©Of the material. Thermal conductivity may vary with
the Guarded-Hot-Plate Apparafus direction and orientation of the specimen since some materials

C 518 Test Method for Steady-State Heat Flux and Thermaf"€ Not isotropic with respect to thermal conductivity.
Transmission Properties by Means of the Heat Flow Meter, 5-2-3 thermal diffusivity—a heat-transport property given by
Apparatud the thermal conductivity divided by the thermal mass, which is

C 1113 Test Method for Thermal Conductivity of Refracto- & Product of th? density and the heat capacity.
ries by Hot Wire (Platinum Resistance Thermometer Tech- -3 Symbols:
niquey 3.3.1 C—Probe constant. .
C Test Method for Thermal Conductivity of Solids by 3.3.2 A—Thermal conductivity, W/m K.
Means of the Guarded-Comparative-Longitudinal Heat 3.3.3 Q—Heat output per unit length, W/m.
Flow Technique 3.3.4 T,—The temperature (K) recorded at tirhe
D 618 Practice for Conditioning Plastics for Testing 3.3.5 Ttl)_T.he_ temperature (K) recorded at timge
D 883 Terminology Relating to Plastits 3.4 Subscript:
D 2717 Test Method for Thermal Conductivity of Liquils ~ 5-4-1 av—average.
E 177 Practice for Use of the Terms Precision and Bias in S-4-2 aPp—apparent.
ASTM Test Method$ 3.4.3 ref—reference.

4. Summary of Test Method

4.1 Line-Source TechnigueThis is a transient method for
* This test method is under the jurisdiction of ASTM Committee D-20 on Plasticsdetermining thermal conductivitfi, 2).” A line source of heat

and is the direct responsibility of Subcommittee D20.30 on Thermal Properties. is located at the center of the Specimen being tested. The
Current edition approved July 10, 1997. Published May 1998. . L ;
2 Annual Book of ASTM Standardeol 04.06. apparatus Is at a constant initial temperature. During the course
2 Annual Book of ASTM Standardgol 15.01.
4 Annual Book of ASTM Standardgol 08.01.
5 Annual Book of ASTM Standardgol 05.02. ” The boldface numbers in parentheses refer to the list of references at the end of
¢ Annual Book of ASTM Standaydéol 14.02. this standard.
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of the measurement, a known amount of heat produced by thehere the contact resistance does not contribute to the mea-
line-source results in a heat wave propagating radially into theured transien{7). This state typically is achieved after about
specimen. The rate of heat propagation is related to the thermaD to 20 s in the measurement. The larger the contact
diffusivity of the polymer. The temperature rise of the line- resistance, the greater is this time. It is, therefore, important to
source varies linearly with the logarithm of tim@). This  make a sufficiently long measurement to exclude the portion of
relationship can be used directly to calculate the thermalhe the transient that shows the effect of the contact resistance.
conductivity of the sample. The line-source of heat can bélhe duration of measurement, however, cannot be too long, or
achieved in a number of ways. In this test method, it is in theelse the heat wave can strike a sample boundary, thereby
form of a probe as described in 7.2. violating the theoretical conditions of the measurement.
o 6.1.2 Shrinkage Upon SolidificatierPlastics tend to
5. Significance and Use shrink significantly upon solidification. This shrinkage is
5.1 The relative simplicity of the test method makes itespecially so for the semi-crystalline materials, which experi-
applicable for a wide range of materiglg, 5). The technique ence a significant change in specific volume upon crystalliza-
is capable of fast measurements, making it possible to take dati@n. This crystallization can result in large gaps being devel-
before the materials suffer thermal degradation. Alternativelypped between the specimen and the sensing device. To account
it is possible to study the effect of compositional changes sucfor shrinkage, a simple compression scheme described in 9.5
as chemical reaction or agin@). Short measurement times can permit the line-source probe to move downward to take up
permit generation of large amounts of data with little effort.the slack. Steps also must be taken to minimize specimen
The line-source probe and the accompanying test specimen arelume so as to reduce the extent of shrinkage.
small in size, making it possible to subject the sample to a wide 6.2 Measurements on inviscid fluids are subject to the
range of test conditions. Because this test method does ndevelopment of convection currents which can affect the
contain a numerical precision and bias statement, it shall not bmeasurement. Because of the transient nature of the measure-
used as a referee test method in case of dispute. ment, these effects are not as pronounced. They cannot be
eliminated, however.
6.3 Although the technique is not limited by temperature, at
6.1 The line-source method produces results of highesheasurements above 500°C, a significant amount of heat
precision with materials where intimate contact with the proberansfer occurs due to radiation so that only\ g, can be
can be established, thereby eliminating effects of thermameasured.
contact resistance. These materials include viscous fluids and
soft solids. 7. Apparatus
6.1.1 Thermal-Contact Resistanedn the solid state, a 7.1 The apparatus consists of a line-source probe imbedded
contact resistance can develop due to the interface between tifea specimen contained in a constant-temperature environ-
specimen and the measuring device. Conventional methodsent. During the measurement, the line-source probe produces
attempt to account for this by introducing a conductive pasteé precise amount of heat. The resulting temperature transient is
between the specimen and the sensor. This reduces, but megcorded, preferably, on a computer data-acquisition system, as
not eliminate, the effect of contact resistance. In the line-sourcepecified in 7.4. This transient is analysed to obtain the thermal
method, contact resistance manifests itself as a nonlinearity iponductivity.
the initial portion of the transient (see Fig. 1 ). The technique 7.2 Line-Source Probe-The line-source probe contains a
has a method to account for this phenomenon. By extendingeater that runs the length of the pro{®. The length-to-
the time of the measurement, it is possible to progress beyordiameter ratio of the probe must be greater than 20. The
the region of thermal-contact resistance, achieving a stateesistance of the line-source heater must be known to within
+0.1%. The probe also contains a temperature sensor to

6. Interferences

38— T measure the temperature transient._A typical sensor for the
n ] line-source probe is a high-sensitivityitype thermocouple
36 - used because of its large Seebeck coefficient. The housing
- - sheath of the probe must be robust enough to ensure that the
o 34 = - probe does not bend or deform under the adverse conditions it
A o ] is subject to during measurements.
s % E 7.3 Heater Power Souree-The power input to the line-
g 30 [ initial region - source heater comes from a DC voltage source. The precision
E : L ] of the voltage source must be within0.25 % over the entire
T | linearregion - duration of the test.
o ‘ 3 7.4 Recording Device-The temperature transient from the
26 [ - line-source probe is recorded for the duration of the test. A
- | | 3 temperature measurement device with a resolution of 0.1°C is
24 — " - required. Data are acquired for 30 to 120 s depending on the
0.1 10 100 type of material. Typical temperature rises are between 2 and
Time (s) 10 °C over the duration of the measurement. The frequency of
FIG. 1 Line-Source Transient data acquisition must be at least once every second.
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