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Figure 1. Modulated heating rate with a period of 60 s and amplitudes of 0.1, 0.3 and 0.5
K (underlying heating rate: 2 K/min).
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the sum of all heat flows occurring at any point in temperature or time. An example of
such a DSC experiment i1s shown in Figure 1 for a sample of Polyethylene Terephthalate
(PET) that had been quench-cooled from a temperature above its melting point.

Sample PET, Quenched
Sze: 16 0000mg
Method Heat@20
Comment: Heatg20
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https://www.tainstruments.com/pdf/literature/TP_006_MDSC_num_1_MDSC.pdf

Sample: Quenched PET
10,1000 g
Wisthad: MDISC 42440604
0 AZALADGD (Heat Cnly)

Temperalure Change During MDSC Experiment

Average Temperalure Change
Programmed at 4C/min

Modulated Temperature Change
Programmed With a Sinusoldal
Oscillation of +- 0.42C every 40 seconds
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Sample: Quenched PET

Siza. 10,1000 mg

Mathod: B 24002

Comment MOSC, 42480604 {Heat Oy

Derivalive of Linear Temperature
Change During MDSC Experiment
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Detivative of Modulated Temperature
Change During MDSC Experiment
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Sample: Quenched FET

Sizer 101000 mg

Method: MOSC 42404003

Comment MOSC 42440634 (Heat Only)
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Applying simultaneous heating rates (linear and modulated) provides further
information on sample heat capacity or structure. The equation that describes the heat
flow signal from a DSC or MDSC" experiment shows the benefit of this technique.

E='de—T+f(T,t)

Where: dt dt

dH is the Total Heat Flow due to the underlying or linear heating rate. It 1s

dt equivalent to standard DSC at the same average heating rate

Cp 1s the Heat Capacity Component of the Total heat flow and is calculated
from just the heat flow that responds to the modulated heating rate

dT s the measured heating rate, which has both a linear and sinusoidal
dt  (modulated) component

f({Tx)  1sthe Kinetic Component of the Total heat flow and 15 calculated from the
difference between the Total signal and Heat Capacity Component.

Cp % 15 the Reversing Heat Flow Component of the Total Heat Flow




onreversing signal (brown) shows just the kinetic processes of enthalpic
recovery at Tg, cold crystallization and crystal perfection. (Obtained by mod DSC)
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TMDSC signal (before conversion) j
Total heat flow
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https://hha.hitachi-hightech.com/en/blogs-events/blogs/2022/11/30/what-is-temperature-modulated-dsc/

Zpracovani tmDSC signalu pro
quasi isotermni tmDSC

EE priumérna hodnota signalu béhem periody (odpovida celkovému signalu

klasické DSC)
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tmDSC uréi: Coe™ Kde C,je modul a ¢ fazovy uhel
C, Je reverzibilni signal tmDSC 11



Mid. 480.9°C
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(heating rate: 5 K/
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TM-DSC measurement on sapphire (heating

rate: 5 K/min, period: 60 s, amplitude: 0.5

K) blue: sapphire as sample, red: sapphire
as standard
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Exparimental values:

1251 J/(g'K) 1.267 JI(g'K)
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Detaily tmDSC:
http://www.anasys.co.uk/library/dsc4.htm

shttp://www.anasys.co.uk/library/dsc5.htm

@http://www.americanlaboratory.com/914-
Application-Notes/18836-A-Multifrequency-
Temperature-Modulated-Technigue-For-DSC/

shttp://lwww.azom.com/article.aspx?ArticlelD=

4982
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