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Preface

This applications booklet provides an introduction to the thermal analysis of elastomers
with a large number of practical examples. The main techniques used for sample measurement
are thermogravimetric analysis (TGA), differential scanning calorimetry (DSC) and dynamic
mechanical analysis (DMA). In particular cases, thermomechanical analysis ( TMA) and
combined techniques (TGA gas analysis) have also been employed.

In practice, thermal analysis is widely used for qualitative analyses. In fact however, the
interpretation of the results and the final conclusions that can be drawn are greatly improved
when quantitative measurements and evaluations are performed. We have therefore focused our
attention on quantitative thermal analysis and outlined the basic principles for performing
reliable measurements. The influence of experimental conditions on the measurement results is
also covered.

Besides elementary considerations, a number of complex analyses and relationships are
discussed.

I hope that the applications described in this book will find wide interest and stimulate new
ideas both for experts and for newcomers to this rather complex but immensely interesting field.

I would like to thank Dr. Claus Wrana (Bayer AG, Leverkusen) in particular for making
the samples available and for many discussions. I also thank Willi Weber (Huber and Suhner
AG, Pfaffikon) for supplying the measurement data for Sections 4. 3.1 and 4. 7. 1 and Christian
Krebs (Uetendorf) for assistance in procuring samples.

Furthermore I would like to thank all my colleagues at METTLER TOLEDO,
Schwerzenbach, Switzerland for their help and motivation: above all Dr. Markus Schubnell (for
measurements on filled SBR and MS measurements ), Cyril Darribére ( for FTIR
measurements), Dr. Rudolf Riesen (for TMA measurements and helpful discussions), Georg
Widmann and Dr. Dudley May for proofreading the original German manuscript. 1 also owe my
thanks to Dr. Dudley May for translating the German text into English and for many helpful

suggestions.

Dr. Jirgen E. K. Schawe
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1 #I94#Eie Intfroduction to Thermal Analysis
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Thermal analysis is the name given to a group of techniques that are
used to measure the physical and chemical properties of materials as a
function of temperature. In all these methods, the sample is subjected
to a heating, cooling or isothermal temperature program.

The measurements can be performed in different atmospheres.
Usually either an inert atmosphere (nitrogen, argon, helium) or
an oxidative atmosphere (air, oxygen) is used. In some cases,
the gases are switched from one atmosphere to another during
Another parameter sometimes selectively

the measurement.

varied is the gas pressure.

11 ZL;HFBEHPE(DSC) Differential Scanning Calorimetry

£ DSC il & A X FIEHS Y
T B AR A L AR . R
S A 7 S FF W9 (B2 A TR B9
Wi, X R HER o A EE T B
1 4 F0 1R R A

DSC FH T I & 3% fn 9 3 % 28 (3
TR 7E G5 AR R L EY
B & R4k 2 B X A A RN
FIT K15 1 {5 8 R AEHE i i P BE 70
. Mok, A DSC B I & i fn
PO B AL AR IR R A R A
4 5 B X R I PR RE

1.1.1

H# DSC R LR IR B2 7 » B i
M e (B B2 #3R) LUE E 3
IR BRI, A AT E R .
AL 2 FF SRR P BOE T —
BER—TZEBMNEF. nEH
DSC i tn & 1. 1 fras. Wik JF
Bh i 2R B AR AL R B TR0 IR B
“BEtmg” (D, EZBEEXE R
255 R B IR AR R AR 4R FHEAR
K. 8RS A& I P iRE
B R IR . 8 SR RN R
FRE G B2 0BT R G R G R

In DSC, the heat flow to and from the sample is measured
relative to an inert reference material. The sample and reference
materials are contained in separate but identical crucibles. This
arrangement effectively compensates for thermal losses and the
influence of the crucible.

DSC is used to measure thermal events such as physical transitions
(glass transition, crystallization, melting, vaporization of volatile
compounds) and chemical reactions. The information obtained
characterizes the sample with regard to its thermal behavior and
composition. In addition, with DSC it is also possible to measure
quantities such as the heat capacity, glass transition temperature,

melting temperature and degree of crystallinity.

# # DSC Conventional DSC

Conventional DSC employs a linear temperature program. The sample
and reference material (or just an empty crucible) are either heated or
cooled at a constant rate. Isothermal measurements can also be
performed. Often several partial programs or segments are joined
together to form a complete program. A schematic DSC curve is
displayed in Figure 1. 1. The change in the curve at the beginning of
the measurement is due to the initial “startup deflection” (1). In this
transient region, the conditions are suddenly changed from an
isothermal to a linear heating mode. After the start up deflection, the
sample is heated at the rate set for the measurement. The magnitude
of the startup deflection depends on the heat capacity of the sample

and the heating rate used. At a glass transition, the heat capacity of
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Heat flow

the sample increases and an endothermic step (2) is observed. A
crystallization process (3) gives rise to an exothermic peak; the area
of the peak corresponds to the enthalpy of crystallization. The melting
of crystallites results in an endothermic peak (4). Chemical reactions
give exothermic or endothermic peaks depending on the type of
reaction involved. If volatile substances such as solvents are present in
the sample, endothermic peaks (5) are observed due to vaporization;
the sample consequently suffers a loss in mass. Further information
on such peaks can be obtained by weighing the sample before and after
the measurement and by using different types of crucibles. In contrast
to open crucibles, the use of hermetically sealed crucibles prevents
higher
decomposition begins (6). The type of purge gas used in the

vaporization of the sample. Finally, at temperatures,
experiment often has a major influence on the reactions involved.

Transitions and reactions can be distinguished by measuring the same
sample a second time after the sample has been cooled; chemical
reactions are irreversible; crystalline materials however melt then

crystallize again on cooling or on heating a second time.

1.1
Fig. 1.1

Temperature
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Schematic DSC curve: 1 initial startup deflection; 2 glass transition; 3 crystallization;

4 melting; 5 vaporization; 6 decomposition.
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;B EEH % DSC  Temperature-modulated DSC

Alternating DSC (ADSC) is a particular type of temperature —
modulated DSC. In contrast to conventional DSC, the temperature
program is overlaid with a small periodic temperature change. The

temperature program is characterized by the underlying heating rate,
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the temperature amplitude and the duration of the periodically changing
temperature (Fig. 1. 2). With quasi-isothermal measurements, the

underlying heating rate can also be zero.
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Fig. 1.2 Typical ADSC temperature program: f, is the underlying heating rate,

Ta

the temperature amplitude, ¢, period.
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Fig. 1.3 Separation of the measured ADSC curve into the underlying and the periodic signal components.
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As a result of temperature modulation, the measured heat flow
changes periodically. This can be separated into two parts as
shown in Figure 1. 3. Signal averaging yields the underlying
signal (total heat flow), which corresponds to the conventional
DSC curve. As additional information, one also obtains the
periodic signal component. This is characterized by the amplitude
of the heat flow and the phase shift between the actual
(modulated) heating rate and the heat flow. The heat capacity
(complex heat capacity) can then be determined from the

amplitude and the phase shift. One advantage of this technique is




