
Thermal Analysis

This option gives you three 
evaluations (ADSC, Fourier analysis
and steady state ADSC) with which
you can analyse periodic signals. 

Periodic curves are obtained by modulation of the temperature program. The
modulation technology provides new data which are particularly welcome in
plastics and food technology and in the chemical and pharmaceutical industries.

General advantages with ADSC
• Better resolution with no sensitivity loss thanks to smaller mean heating 

rate and higher modulated heating rate.
• Separation of superimposed effects; for example the cp change and the

exothermic peak during cold crystallisation are fully separated.
• Determination of the specific heat capacity under quasi isothermal condi-

tions, for example during chemical reaction. 

Introduction and definitions
Thermal effects which react to rapid changes in the heat rate are referred to as «reversing» effects. The reversing heat
flow is almost always linked to the sensible heat of the test sample (heat capacity). The expression «reversing» 
is not synonymous with «thermo-dynamically reversible».  Reversing effects are largely due to cp modification of
the test sample.
Modulation of the heating rate generates the reversing heat flow. Due to the modulated heating rate, locally much
higher than the mean heating rate, small reversing effects can also be measured as the higher heating rate acts as
an amplifier (high sensitivity). 
The specific heat cp can be computed from the reversing heat flow. The difference between this specific heat 
and that of the classic «sapphire method» with constant heating rate is due to the latent heat. This is only incorporated
in the result in the sapphire method where the cp may be negative during an exothermic chemical reaction.
The mean ADSC heating rate, analogous to the classic DSC, generates the «total heat flow» (mean value of the 
modulated heat flow). As the mean heating rate selected is low, close events are well separated (high resolution).
If the reversing flow is subtracted from the total heat flow the value for the non-reversing heat flow or 
«kinetic component» is obtained.
The heat flow of the non-reversing effects is (almost) independent of local fluctuations in the heating rate. 
This includes temperature induced processes such as the cold crystallisation of amorphous materials or chemical
reactions.
The phase difference between the modulated heat rate and the modulated heat flow changes during the thermal
effects. This depends, among other factors, on the heat conductivity of the test sample.

Overview:
Total heat flow = Mean value of the modulated heat flow
reversing heat flow = Amplitude of the modulated heat flow (in-phase component)
non-reversing effects = total heat flow - reversing heat flow

ADSC

Sinus modulated temperature program with the resulting heat flow



The Sinus Modulated ADSC
A modulation component is superimposed on the constant heat rate:
For a sinus modulation: �(t) = �mean + A� sin �t
�: heat rate; �mean : mean heat rate; A� : modulation amplitude of the heat rate, 
�: cycle frequency = 2�/p; p: period; t: time.
By choice of a sufficiently high mean heating rate it can be assured, if neces-
sary, that the temperature never drops. In this specific case where � is 
always greater than or equal to 0:

�mean ≥ A� = AT 2 �/ p 
AT: amplitude of temperature

The specific heat cp is computed as follows:
AHF 1
A� m 

AHF: amplitude of heat flow 
A� : amplitude of heating rate 
m : mass of test sample

Fourier Analysis:
Every periodic signal can be presented as superposition of harmonic 
oscillations:

A0

2 
�i = 2�i/p

The offset (A0/2 and C0/2 respectively) is the mean value of the signal 
during a period and corresponds precisely to the heat flow. Ci is the amplitude 
from which the reversing heat flow is computed.

The ADSC Evaluation
The ADSC evaluation computes the total heat flow, the reversing heat flow
and the non-reversing heat flow. The reversing heat flow is also converted
to specific heat capacity and broken down using the phase difference into
an inphase-component and an outphase-component.
To ensure precision of specific heat and phase shift, a calibration measure-
ment is essential.

Steady State Evaluation
A saw tooth temperature program comprises a series of linear heat and
cold segments.
In the steady state (dynamic stationary state), for the blank curve subtracted
heat flow HF

1st. heat phase (h): HFh = m  cp �h + HFnr

2nd. cool phase (c): HFc = m  cp �c + HFnr

The absolute value of both heat rates may differ. The «cool phase» may be e.g. isothermal  (�c = 0). HFnr is the
possible non-reversing heat flow.
The reversing component corresponds to the difference between the two heat flows in the steady state. The specific
heat follows:

HFh - HFc

m (�h - �c)
The non-reversing component of the heat flow HFnr is:

HFnr = 1/2 (HFh + HFc - m cp (�h + �c))   
The advantage of saw tooth curves are mainly in fields of application requiring isothermal steps such as the 
safety clarification of chemical processes, isothermal step purity analyses and measurements in the context of
crystal segregation.
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Thermal Analysis

Examples of Applications

ADSC of amorphous sugar
Measurement conditions: mean heating rate 2 K/min,
sinus amplitude 1 K, period 1 min.
Preparation of sample: sugar pre-melted in DSC crucible
and immediately shock cooled on an aluminium sheet to
preserve the amorphous form.
The ADSC measurement curve display already shows
certain thermal effects. On the reversing curve the effects
associated with the cp changes which appear more clearly
in the cp temperature function shown below it.
The non-reversing effects are the enthalpy relaxation on vi-
trification and the cold crystallisation.

ADSC of nickel
Measurement conditions: mean heating rate 1 K/min,
sinus amplitude 1 K, period 1 min.
Nickel is ferro-magnetic at room temperature. The 
ferromagnetic property is lost when heated in excess of
the Curie temperature. A cp anomaly occurs at the 
transition point.
As the ADSC measurement shows there is also a 
corresponding anomaly in that phase.

Conductor board with high fusion temperature
Measurement conditions: mean heating rate 2 K/min,
sinus amplitude 1 K, period 2 mins.
Neither the reversing DSC curve nor the cp temperature
function permit precise identification of the vitrification
point. In contrast the phase shows the delay at 198°C
which is typical for this transition. Vitrification at 198°C
was confirmed by TMA measurement.



Separation of two effects of mixing PPA/PC
Measurement conditions: mean heating rate 2 K/min, 
sinus amplitude 1 K, period 1 min.
The non-reversing heat flow shows above all the 
cold crystallisation of the PPA. Both vitrification points
are on the reversing curve! These are also visible on 
the lowest curve. With the classic DSC the PC vitrification
disappears under cold crystallisation.

Measuring specific heat with the ADSC
Measurement conditions: mean heating rate 1 K/min, 
sinus amplitude 1 K, period 1 mins. 
The three measurements shown on the left must be taken
for the quantitative cp values. The literature values for
sapphire are inset for comparative purposes. In contrast
to the classic Cp measurement with DSC, the ADSC 
also provides correct results for the chemical reactions. 

ADSC saw tooth curve for polyethylene PE-LLD
Measurement conditions: �h = 3K/min for 1 min,
�c = 0 K/min for 2 mins corresponding to a mean rate
of 1 K/min, an amplitude of 1 K and a period of 3 mins.
Presentation (from bottom to top): temperature 
programme, readings curve and non-reversing heat flow
(steady state evaluation). The individual endothermal 
peaks comprise the sensible and the latent heat for the
3 K rise in temperature. In the fusion range of 
this polymer the curve «overpeaks» due to a certain
exothermal crystallisation of freshly melted parts
(crystal segregation).

Examples of Applications
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