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Standard Test Method for Assignment of the
Glass Transition Temperatures by Differential Scanning
Calorimetry !

This standard is issued under the fixed designation E 1356; 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 Scanning Calorimeters and Differential Thermal Analyz-

1.1 This test method covers the assignment of the glass ers i _ _
transition temperatures of materials using differential scanning E 1142 Terminology Relating to Thermophysical Proper-
calorimetry or differential thermal analysis. ties”
1.2 This test method is applicable to amorphous materials or 2.2 1SO Standard: . _
to partially crystalline materials containing amorphous regions, 113572 Differential Scanning Calorimetry (DSC)-Part 2
that are stable and do not undergo decomposition or sublima- Determination of Glass Transition Temperaure
tion in the glass transition region. 3
1.3 The normal operating temperature range is from —120 to

500°C. The temperature range may be extended, depending3-1 Definitions: , _
upon the instrumentation used. 3.1.1 The following terms are applicable to this test method

1.4 Computer or electronic-based instruments, technique&nd can be found in Terminology E 473 and Terminology

or data treatment equivalent to this test method may also be 1142: differential scanning calorimetry (DSC); differential
used. thermal analysis (DTA); glass transition; glass transition

temperature (J); andspecific heat capacity.

Note 1—Users of this test method are expressly advised that all such 3 2 Definitions of Terms Specific to This Standard:
instruments or techniques may not be equivalent. It is the responsibility of 3.2.1 There are commonly used transition points associated
the user of this standard to determine the necessary equivalency prior to. . " . -
use. with the glass transition region—(See Fig. 1.) .

) 3.2.1.1 extrapolated end temperature,JJT°C—the point of
1.5 Sl units are the standard. _ , intersection of the tangent drawn at the point of greatest slope
1.6 1SO standards 11357-2 is equivalent to this standard.

) on the transition curve with the extrapolated baseline following
1.7 This standard does not purport to address all of thei,q transition.

safety concerns, if any, associated with its use. It is the 3.2.1.2 extrapolated onset temperature ) T°C—the point
responsibility of the user of this standard to establish appro-

; X ) ~~of intersection of the tangent drawn at the point of greatest
priate safety and health practices and determine the applicag|gne on the transition curve with the extrapolated baseline
bility of regulatory limitations prior to use.

prior to the transition.
2 Referenced Documents th3.2.1|.3inf|ection tempg_ratutre,th()j °C?trﬁhpofi_nttodn t_het_
_ ermal curve corresponding to the peak of the first derivative
2E'117A%SLM S_tan(;lardj. f the T Precisi d Bias | (with respect to time) of the parent thermal curve. This point
ractice ohr dze ot the Terms Precision and Bias Intqagnonds to the inflection point of the parent thermal curve.
ASEM Tes; Mlet 0 lati h | MR 3.2.1.4 midpoint temperature, (), °C—the point on the
E 47 Terml.no ogy Re ating to Thermal Analysis thermal curve corresponding t& the heat flow difference
E 691 Practice for Conducting an Interlaboratory Test Proy,qnveen the extrapolated onset and extrapolated end.

gram to De_termine the Precision Of. Tes_t Meth%x_js . 3.2.1.5 Discussior—Midpoint temperature is most com-
E 967 Practice for Temperature Calibration of Differential monly used as the glass transition temperature (see Fig. 1):

3.2.2 Two additional transition points are sometimes iden-
] ) - ) tified and are defined:
1 This test method is under the jurisdiction of ASTM Committee E37 on Thermal
Measurements and is the direct responsibility of Subcommittee E37.01 on Test
Methods and Recommended Practices.
Current edition approved April 10, 2003. Published May 2003. Originallyap-————————
proved in 1991. Last previous edition approved in 1998 as E 1356 — 98. 2 Available from American National Standards Institute, 11 W. 42nd St., 13th
2 Annual Book of ASTM Standardgl 09.01. Floor, New York, NY 10036.
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{To ) Temperature of 1st Baseline Deviation (°C)
{Ts ) Extrapolated Onset Temperature (°C})
(Tm ) Midpoint Temperature (°C)
(Ti ) Inflection Temperature (°C)
(Te ) Extrapolated Endtemperature (°C})
1/2 (Tr ) Temperature of Return-to-Baseline (°C)
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FIG. 1 Glass Transition Region Measured Temperatures

3.2.2.1 temperature of first deviation, {), °C—the point of  solutions, or is miscible in the post-transition phase. If particle
first detectable deviation from the extrapolated baseline prior tgize has an effect upon the detected transition temperature, the
the transition. specimens to be compared should be of the same particle size.

3.2.2.2temperature of return to baseline, JT °C—the 6.2 In some cases the specimen may react with air during
point of last deviation from the extrapolated baseline beyongyq temperature program causing an incorrect transition to be

the transition. measured. Whenever this effect may be present, the test shall
4. Summary of Test Method be run under either vacuum or an inert gas atmosphere. Since
some materials degrade near the glass transition region, care

4.1 This test method invol ti I itoring th SR X
IS fest method INVOIVEs continuously monitoring e[nust be taken to distinguish between degradation and glass

difference in heat flow into, or temperature between, a refer i
ence material and a test material when they are heated gans! |o_n. . N o
cooled at a controlled rate through the glass transition region of 6.3 Since milligram quantities of sample are used, it is
the test material and analyzing the resultant thermal curve tessential to ensure that specimens are homogeneous and
provide the glass transition temperature. representative, so that appropriate sampling techniques are
used.

5. Significance and Use

5.1 Differential scanning calorimetry provides a rapid test7. Apparatus
method for determining changes in specific heat capacity in a

. T ; 7.1 Differential Scanning CalorimetefThe essential instru-
homogeneous material. The glass transition is manifested as 3. ntation required to provide the minimum differential scan-
step change in specific heat capacity. For amorphous and requi Pro . .

Ing calorimetric capability for this method includesTast

semicrystalline materials the determination of the glass transi? . :
tion temperature may lead to important information about theilChamberco_mposed 9f a furnace(s)_to provide uniform con-
thermal history, processing conditions, stability, progress of'©lled heating (cooling) of a specimen and reference to a
chemical reactions, and mechanical and electrical behavior. COnstant temperature or at a constant rate over the temperature
5.2 This test method is useful for research, quality controlf@nge from —120 to 500 °C, a temperature sensor to provide an

and specification acceptance. indication of the specimen temperaturet6.1 °C, differential
sensors to detect heat flow difference between the specimen
6. Interferences and reference with a sensitivity af yW, a means of sustaining

6.1 Achange in heating rates and cooling rates can affect th test chamberenvironment of a purge gas of 10 to 100
results. The presence of impurities will affect the transition,mL/min within 4 mL/min, aTemperature Controllercapable
particularly if an impurity tends to plasticize or form solid of executing a specific temperature program by operating the



