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Differential Scanning Calorimeter DSC 5+ 2

▪ FlexMode , choose power compensation 

or heat flux mode

▪ Power compensation measurement mode

▪ MultiStar sensor with 136 

thermocouples 

▪ Patented electrical heat flow adjustment 

▪ Unrivalled modular concept 

▪ FlexCal adjustment and calibration 

▪ Innovative robot with gas-purged sample 

chamber 



Heat Flux DSC or Power Compensated DSC

3

Journal of the American Ceramic Society 38 (1955) 281-284 Analytical Chemistry 36 (1964) 1233-1238

Heat Flux DSC Power Compensated DSC

ReferenceSample

DSC 3+

TGA/DSC 3+

Flash DSC 2+



Sensor Evolution 4
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DSC Sensor

Power Compensation and Heat Flux

Differential Scanning Calorimeter DSC 5+ 5

The robust, chemically-resistant, 

ceramic surface of the sensor 

means that measurements can be 

run at high temperatures and in 

aggressive atmospheres without 

any risk of corrosion. 

▪ FlexMode : Choose between 

power compensation and heat flux 

mode depending on measurement 

requirements.

▪ Power compensation mode has a 

very short signal-time constant, 

providing excellent resolution and 

therefore the ability to separate 

close-lying thermal effects.

▪ Heat flux mode has extremely low 

levels of noise which provides the 

highest sensitivity for the detection 

of weak effects or transitions.



DSC Sensor

Power Compensation and Heat Flux

Differential Scanning Calorimeter DSC 5+ 6

▪ The innovative multi-layer design of 

the MMS 1 sensor includes:

- 136 thermocouples in 2 layers to 

measure the heat flow (Au/AuPd)

- 2 heaters for power compensation

- Absolute sample and reference 

temperature sensors 



A Better DSC: Enthalpy Reproducibility

Enthalpy reproducibility - DSC 3+: 1.1%; DSC 5+: <0.2%

▪ Polymorphy studies in pharma need a high enthalpy reproducibility.

▪ Important to achieve that: 

- optimal furnace lid construction (avoid thermal leakages)

- excellent placing precison (sample changer, diameter MultiStar)

- best thermal contact pan to sensor (cleaning)
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A Better DSC: TAWN Sensitivity

DSC 5+ has even a 18% higher sensitivity than DSC 3+ with HSS sensor.
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A Better DSC: TAWN Resolution DSC 3+ and 5+ 
Results

Factor 2 better

9

For internal use - Confidential



Electrical Adjustment

Pulses every 50 K, benefits: whole temperature range accessible, no sample 

preaparation, no operator bias
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Electrical heat flow adjustment

▪
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A Better DSC: cp Accuracy

Real measurements show an accuracy of better than 1% (DSC 3+: ~5%).
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Summary 13

▪Excellent baseline repeatability

▪ Intracooler / LN2 combi cooler

▪Exchangable reference  crucible

▪Exchangable reference  crucible

▪ 4 gases

▪Power compensation or heat flux mode

▪Electric HF adjustment, calibration with CRM's



Reality 14
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Sensitivity 15
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Polymorphic case study 16
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Metastable Phases in 
Bulk Metal glasses BMG 

Alloys

Jürgen E.K. Schawe

Mettler-Toledo GmbH





Flash DSC 2+ 19

Sensor UFS1: -95 °C .. 520 °C

▪ Typical heating rates: 0.1 .. 20,000 K/s

▪ Typical cooling rates: 0.1 .. 4,000 K/s

Sensor UFH1: -95 °C..1000 °C

▪ Typical heating rates: 0.1 .. 60,000 K/s

▪ Typical cooling rates: 0.1 .. 40,000 K/s



20Polymorphism
https://upload.wikimedia.org/wikipedia/commons/thumb/5/51/Otto_Lehmann.jpg/220px-Otto_Lehmann.jpg

Physical polymer (Enantiotropy): 

Transition of a stable modification in a stable modification

Physical metamere (Monotropy):

Possible coexistence of a metastable and a stable modification

https://de.wikipedia.org/wiki/Datei:Otto_Lehmann.jpg


21Polymorphism

MonotropyEnantiotropy



22Ostwald's step rule

Monotropy



23Polymorphism of Sulfapyridine
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25Glass Formation

1903

The glass formation dependence on nucleation 

and crystal growth.

The cooling rate is the important property to form 

a glass.

At sufficient fast cooling all or the most materials 

can form a (partial) glass.

 



Tammann's approach to form a glass from 1903
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27The First Metallic Glass

Pol Duwez



Properties of Metallic Glass
28

http://www.its.caltech.edu/~vitreloy/development.htm



Bulk Metallic Glass (BMG)
29

I. Gallino (Flash DSC Meeting 2017)



Processing of BMG
30

Materials Processing Handbook, J.R. Groza et al. (Ed.), CRC Press (2007), chap. 17 



Processing of BMG
31

Materials Processing Handbook, J.R. Groza et al. (Ed.), CRC Press (2007), chap. 17 



Behavior of Metallic Glasses
32

Materials Processing Handbook, J.R. Groza et al. (Ed.), CRC Press (2007), chap. 17 



Advantage: No crystal grains
33

Materials Processing Handbook, J.R. Groza et al. (Ed.), CRC Press (2007), chap. 17 
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35BMG: Au70Cu5.5Ag7.5Si17



36DSC Curves and Structure

S. Pogatscher et al 

J.Physics: Cond. Matter, 30 (2018) 234002
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7
Temperature program

J.E.K. Schawe, J.F. Löffler, Acta Mater. 226 (2022) 117630
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Cooling rate: generate CHG

Heating rate: prevent 

crystallization of CHG to 

study nucleation 

37
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8
Annealing at 138 °C of CHG

Enthalpy relaxation

200s …2000 s: no change

> 2000 s: nucleation

Crystallization
Structural improvement

J.E.K. Schawe, J.F. Löffler, Acta Mater. 226 (2022) 117630

38
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39

N. Sohrabi, J.E.K. Schawe, J. Jhabvala, J.F. Löffler, R.E. Logé

Critical crystallization properties of an industrial-grade Zr-based metallic 

glass

Scripta Materialia, 199 (2021) 113861

Cooling of Zr59.3Cu28.8Al10.4Nb1.5 



40

N. Sohrabi, J.E.K. Schawe, J. Jhabvala, J.F. Löffler, R.E. Logé

Critical crystallization properties of an industrial-grade Zr-based metallic 

glass

Scripta Materialia, 199 (2021) 113861

Heating of Zr59.3Cu28.8Al10.4Nb1.5 



TTT-diagram of Zr59.3Cu28.8Al10.4Nb1.5 41

N. Sohrabi, J.E.K. Schawe, J. Jhabvala, J.F. Löffler, R.E. Logé, Scripta Materialia, 199 (2021) 113861
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Hvala

Köszönöm
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