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GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes - Procedures

METHOD FOR DETERMINING MELTING POINT OF SEMICRYSTALLINE POLYMERS
BY DIFFERENTIAL SCANNING CALORIMETRY
GM9094P

1 SCOPE. This standard describes a method for determin-
ing the melting point of semicrystalline polymers by the
thermal analysis technique commonly referred to as differen-
tial scanning calorimetry.

2 PRINCIPLE OF THE METHOD. Differential scanning
calorimetry (DSC) measures the heat energy or temperature
difference between a sample and reference as a function of
time or temperature. The actual parameter measured (heat
energy or temperature) depends on the instrument design.
Because the melting occurring in semicrystalline polymers is
accompanied by a heat effect, it is easily measured by DSC.
Experimentally, the sample is heated in comparison to a
reference material at a constant uniform rate and the heat
energy or temperature difference between them is measured
as a function of temperature. The melting point is determined
from the endothermic peak on the resulting DSC curve.

3 APPARATUS.

3.1 The instrument used for the determination of the
melting points of polymers must be capable of heating the
sample at a linear rate of 10 C/min. and cooling at a linear
rate of 5 C/min. under an inert atmosphere. The instrument
sensitivity must be at least 1 mcal/s full scale. The tempera-
ture range of the instrument should be at least 0 to 300 C.
The instrument should also include provisions for external
cooling (from a liquid nitrogen or dry ice pump) in order to
maintain the 5 C/min. cooling rate over its entire temperature
range.

3.2 Commercial instruments possessing these general char-
acteristics may be obtained from the following manufacturers;
this list is not to be considered inclusive:

E.I. DuPont de Nemours & Co., Instrument Products
Division, Wilmington DE 19898

Perkin-Elmer Corporation, Instrument Division, Main
Avenue, Norwalk CT 06852

Fisher Scientific Co., 711 Forbes Ave., Pittsburgh PA
15219

4 PROCEDURE.

4.1 Prepare the instrument for operation using the proce-
dures established by the manufacturer. Purge the instrument
with a dry inert gas using a flow rate of at least
20 mL/minute.

4.2 Calibrate instrument in accordance with manufacturer’s
instructions using at least three high purity standards in the
temperature range of interest from the following list:

Temperature, C Material
-38.9 Mercury
29.8 Gallium (Caution: Toxic)
156.6 Indium
2319 Tin
3273 Lead
419.5 Zinc

4.2.1 The calibration curve, once established, need only be
checked at one point daily to insure accuracy.

43 Weigh a 5 mg sample into a disposable aluminum
sample pan. Be sure that the bottom is as flat as possible. Use
an aluminum cover to enclose the sample and pan. Encapsu-
lation of the sample in the pan and cover, using the tools
offered by the instrument manufacturers, may be used but is
not required. Prepare a reference pan in a similar manner
using, if recommended by the instrument manufacturer, 5 mg
of glass beads or other inert material in place of the sample.

4.4 Place the sample and reference pans in the DSC cell in
their respective holders.

4.5 Select an instrument Y-axis sensitivity which will keep
the melting endotherm on scale. This will depend on the
crystallinity and heat of fusion of the sample. For example,
for 5 mg samples of high density polyethylene and nylon 66,
the full scale sensitivities would be 10 mcal/s and 2 mcal/s,
respectively.

4.6 Select an instrument X-axis sensitivity which will allow
the accurate determination of the melting point, normally
10 C/minute.

4.7 Starting at room temperature, heat the sample and
reference in the DSC cell to 10 C above the melting
endotherm. Then cool the sample and reference in the DSC
cell at 5 C/min. to a point at least 20 C below the
crystallization exotherm. This may require subambient opera-
tion. These scans may be recorded or simply observed
depending on whether or not the initial thermal history of the
sample is of interest.

4.8 Now reheat the sample at 10 C/min. to a point 10 C
above the melting point, recording the resulting curve.
Determine the melting point from the vertex of the endother-
mic peak. Apply any necessary correction from the tempera-
ture calibration curve. The melting point may be reported to
the nearest tenth of a degree centigrade.

49 Allow the DSC cell containing the sample and reference
pans to cool in preparation for the next determination.

5 PRECISION. Triplicate determinations of the melting
points of semicrystalline polymers carried out by individual
members of the Thermal Analysis Task Force of the GM
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Materials Analysis Committee following this procedure had
an average standard deviation of 0.40 C and an average range
of 0.72 C. Interlaboratory comparison among the five mem-

bers of the Task Force had an average standard deviation of
0.93 C and an average range of 3.00 C.

APPENDIX A
GUIDE FOR EFFECTIVE USE OF GM9094P

A1 GENERAL. In order to obtain the greatest accuracy
and reproducibility in temperature measurements using DSC
instrumentation, while minimizing the analysis time per
sample, consideration must be given to the following five
factors: (1) calibration of the instrument, (2) sample size, (3)
thermal history of the sample, (4) temperature programming
rates, and (5) determination of the melting point from the
DSC curve.

(1) Calibration of the Instrument. For precise temperature
measurement, it is necessary to calibrate currently available
DSC instrumentation. Calibration is most conveniently car-
ried out by melting pure standards with sharply defined
melting points using the same temperature scanning rate to be
used for the samples of interest. The standards recommended
by most instrument manufacturers and other authors are
shown in Table 1. The melting point of these pure materials is
taken from the DSC curve as the “extrapolated onset
temperature” as shown in Figure 1. A typical temperature
calibration curve for a commercial DSC instrument is shown
in Figure 2.

(2) Sample Size. In order to minimize the thermal lag
associated with large sample masses, the smallest sample size
within the limitations of instrument sensitivity should be
used. For semicrystalline polymers using modern instrumen-
tation, a sample size of 5 mg or less is recommended.

(3) Thermal History of the Sample. Although the crystalliza-
bility of a polymer is determined by its molecular structure,
the degree of crystallinity and the crystallite size distribution
can vary considerably, depending on the previous thermal
history of the sample. Thus to obtain the greatest accuracy
and precision in melting point measurements, the thermal
history of the sample should be controlled by the analyst.
This is easily accomplished by preliminary treatment in the
DSC apparatus in which the sample is heated to 10 C above
its melting point (to “erase” previous thermal history) and
then cooled at a linear rate to some temperature well below its
crystallization exotherm. Of course, these preliminary heating
and cooling curves can be recorded when the initial thermal
history of the sample is of interest.

TABLE 1 - MATERIALS USED FOR
CALIBRATING DSC

Temper- Melting (M) | Enthalpy
ature Material or Change
C Inversion (I){ (cal/g)
-38.9 | Mercury M 2.74
29.8 Gallium M 19.9
51.5 o-Nitratoluene M -
(see NOTE 1)
69.4 Stearic Acid M 47.6
80.2 Napthalene M -
(see NOTE 1)
122.4 Benzoic Acid M 339
(see NOTE 1)
125.2 Ammonium Nitrate I 12.6
169.6 Ammonium Nitrate M 16.2
151.4 Adipic Acid M -
(see NOTE 1)
156.6 Indium M 6.79
183.0 Anisic Acid M -
(see NOTE D)
209.0 | 2-Chloroanthraquinone M -
(see NOTE 1)
231.9 Tin M 14.2
245.3 Carbazole M -
(see NOTE 1)
273.0 Sodium Nitrate I 9.5
284.6 Anthraquinone M -
(see NOTE 1)
3275 Lead M 5.89
419.5 Zinc M -
585.0 Potassium Sulfate I 12.3

NOTE 1: Available from Fisher Scientific, Fairlawn NJ.

(4) Temperature Programming Rates. The choice of the
temperature programming rates is governed by several fac-
tors. To insure thermodynamic equilibrium, as slow a heating
rate as possible (< = 5 C/min.) should be used. However,
shorter analysis time and greater sensitivity require a high
heating rate (== 20 C/min.). A heating rate of 10 C/min.
is a good compromise between these conflicting demands. The
choice of the cooling rate is limited by instrumental consider-
ations. Commercially available instrumentation is limited to a
maximum cooling rate of 5 C/min. unless an external cooling
device (using liquid nitrogen or carbon dioxide) is used.
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