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Analyse	thermique	
	

Différents	appareils	/	mesures	
	
§ 	Calorimètre:	mesure	chaleur	
§ 	DifferenSal	thermal	analysis	(DTA):	mesure	température	
§ 	AdiabaSc	scanning	calorimetry	(ASC):	mesure	température	
§ 	DifferenSal	scanning	calorimetry	(DSC):	mesure	variaSon	de	flux	

§ 	méthode	T	–	history...	

§ 	Thermo-gravimétrie	
§ 	Analyse	thermo-mécanique…	

Différents	modes	d’u)lisa)on	
§ 	dynamique	
§ 	isotherme	(step)	

	
	

Caractérisa)on	par	DSC:	défauts	intrinsèques	et	apports	de	la	modélisa)on	
Généralités	

16/03/2017	



4	

DSC	
	
	
	
	
	
	
	
§ 	Deux	types:			

§  Heat	flux	(ex:	DSC131	de	Setaram)	
§  Power	compensaSon	(ex:	Pyris	Diamond	de	Perkin	–	Elmer)	

	
§ 	ImposiSon	d’une	sollicitaSon	thermique	
§ 	Mesure	d’un	flux	de	chaleur	

§ 	ObtenSon	d’un	thermogramme	(courbe	DSC)	
§  Mode	dynamique	
§  Mode	isotherme	(step)	
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1. Introduction1

The calorimetry is an usual technique which permits to analyze a physical or chemical2

phenomena by the release or the absorption of thermal energy. This paper is restrictive to3

the transformation solid ! liquid and more particularly to the melting. We will present4

different cases as those of pure substances and binary solutions.5

We intend, first, to recall the classical procedure to determine the temperature range of6

transformation of the energy involved. The main principle is to consider the temperature7

inside the sample as homogeneous and at a value practically equal to the programmed tem-8

perature. The difference between these two temperatures being, for a given heating rate, a9

constant and small correction justified by only the thermal resistance between the metallic10

pan and the plate [1].11

For many years [2, 3, 4, 5], we have explained that, at the time of the melting, the tem-12

perature inside the sample is not at all homogeneous. We will recall also our model. It13

will be particularly highlighted that the thermograms, even they are expressed versus the14

programmed temperature, they are curves versus time. n.b. : dire quelque part que l’on va15

comparer avec les droites, pentes. . .16

2. Homogeneous model17

In such a case, schematically depicted in figure 1, it is supposed that the whole sample18

and the reference, and the corresponding metallic cells, may be represented by an unique19

temperature, being respectively TS and TR [1, 6, 8].20

Tplt

RS RR

TS TR

Figure 1: Schematic representation of the calorimeter with the homogeneous model (n.b. : the gap between
the cells and the plates is only here to highlight the existence of thermal resistances and is obviously not
physical).

.

Within this assumption, the heat flux measured corresponds to [1]:21

�(t) =
Tplt � TS

RS| {z }
�S

� Tplt � TR

RR| {z }
�R

(1)

4

0pltT t Tβ= + ( )tφ
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Figure 14 a.Zerms to describe a measured curve and its characteristic times, 
illustrated by the example of a DSC curve with peak. Corresponding 
characteristic temperatures are assigned to the characteristic times. (Subscripts: 
st start, end end of temperature program). 
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DSC	
	

Mode	dynamique	
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DSC	
	

Mode	isotherme	
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DSC	
	

Informa)ons	liminaires	
§ 	Signal	temporel		
	
§ 	Méthode	relaSve:			

§  Forte	influence	échanSllon(s)	calibraSon	
§  DéfiniSon	lignes	de	base	/	zéro	

	
§ 	Résultats	dépendants:			

§  Masse	
§  Vitesse	de	chauffe/refroidissement	
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Interpréta)on	

	
	



9	16/03/2017	Caractérisa)on	par	DSC:	défauts	intrinsèques	et	apports	de	la	modélisa)on	
Interpréta5on	

Grandeurs	iden)fiables	
	
§ 	Températures	

§  TransiSons	de	premipremière	ère	espèce:	Tonset	
§  TransiSons	de	seconde	espèce:	Tsolidus	

	
§ 	Grandeurs	énergéSques	

§  Capacités	calorifiques	(i.e.	dans	les	zones	sensibles)	
§  Chaleur	latente	(i.e.	variaSons	d’enthalpie)	
§  Enthalpie	(en	mode	isotherme)	
	
	

	
§ 	Données	courante:	la	température	de	fusion	et	la	chaleur	latente	
Implicitement,	on	considère	donc	un	corps	pur...	
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Fig. 1. Experimental thermogram of a pure substance (water).
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Fig. 2. Comparison of the enthalpy profile obtained by a direct integration of the
thermogram for a heating rate of 5 K min−1 (dotted red) and 2 K min−1 (dashed blue)
with the exact enthalpy (black line) for a pure substance (water). (For interpretation
of  the references to color in this figure legend, the reader is referred to the web
version of this article.)

the enthalpy should be discontinuous for a pure substance1 but
is instead smeared on several degrees (implicitly implying than
water melts between 0 ◦C and 7 ◦C for the higher rate and between
0 ◦C and 2 ◦C for the lower one). It is worth highlighting here
that this error will always be present, even at low heating rates,
since the thermogram has always a non-zero width and there-
fore cannot correctly describe a Dirac function. Usually, one seems
to accept such an approximation as long as the error is below
0.5 K [10].

1 It also means than the derivative of the enthalpy is here a Dirac function, which
was  not present in the DSC curve.
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Fig. 3. Experimental thermogram of a binary solution (H2O/NH4Cl, x = 0.48%).
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Fig. 4. Experimental thermogram of a binary solution (H2O/NH4Cl, x = 9.02%).

Let us now deal with a binary solution, e.g. a H2O/NH4Cl sample
with a solute mass fraction x = 2.98%. This test is performed with
a 11.9 mg  sample still heated at a heating rate  ̌ = 5 K min−1. The
experimental thermogram is shown in Fig. 3. Usually, the eutec-
tic temperature is obtained thanks to the onset temperature of
the first peak, as for a pure substance. Then, an analog method,
based on graphical projections on the baseline, is applied to the
second peak in order to obtain the so-called liquidus temperature.
Yet, this method leads to wrong estimations when the two  peaks
are closed together, as in the case of Fig. 4 where a greater mass
fraction was  considered. Moreover, the raw determination of the
enthalpy from the experimental thermogram still lead to spurious
results [8],  as shown in Figs. 5 and 6. In the first case, of a low
concentration, the integrated profile is much more spread than the
exact enthalpy and an offset of the liquidus temperature (i.e. end
of the melting) of 2–5 ◦C is observed. Generally, the corresponding
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Erreur	(très)	courante	
	

Enthalpies:	h=h(β)	
	
§ 	Incohérence	thermodynamique…	
§ 	Variable	d’état	indépendante	du		
chemin	suivi	
	
§ 	spécialistes	obSennent	des	valeurs	
éloignées	de	celles	avancées	par	les		
fournisseurs	(#10–	47%)		
[Lazaro2006,	Barreneche2013,		
Lazaro2016]	
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Inconnues	sur	certains	paramètres	
	

Mode	step	
	
§ 	Paramétrage	et	influence	des	différents	steps:	

§  Intervalle	de	température	
§  Vitesse	de	chauffe	

§ 	Influence	du	bruit	sur	le	signal	
§ 	Stabilité	des	condiSons	opératoires	(cycle	complet	#	jour)	
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Modélisa)on	
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Analyse	théorique	
	

Comportement	de	la	cellule	
	
§ 	Présence	de	transferts	thermiques	pendant	le	changement	de	phase	

Erreur	commise	
	
§ 	Hypothèse	de	suite	d’état	à	l’équilibre	fausse	lors	de	la	transiSon		
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Modélisa)on	/	Simula)on	
	

Solu)on	
	
§ 	Prendre	en	compte	les	phénomènes	de	transferts	thermiques	
§ 	Bilan	d’énergie	complet	du	système	en	régime	instaSonnaire	
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Modélisa)on	/	Simula)on	
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Résultats	
	

Influence	des	paramètres	de	base	
	
§ 	masse	
§ 	vitesse	
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Résultats	
	

Challenge	des	méthodes	usuelles	
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Résultats	
	

Challenge	des	méthodes	usuelles	
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Figure 8: Thermogram (red) and baseline (blue) for the water–L case.
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Résultats	
	

Challenge	des	méthodes	usuelles	
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Iden)fica)on:	méthodes	inverses	
	

	

	
	

Combinaison	exp./num.	
	
§ 	Mesure	du	flux	de	chaleur	en	foncSon	du	temps	
§ 	ModélisaSon	et	simulaSon	de	la	cellule	sollicitée	

Couplage	
§ 	DéfiniSon	d’un	critère	de	comparaison		
(foncSon	objecSf)	
§ 	ModificaSon	des	paramètres	d’entrée,	dont	les	
paramètres	thermodynamiques,	pour	minimiser	la	
foncSon	objecSf	

§  Simplex...	
§  Algorithmes	généSques	
	
	

Mesure	

Modèle	Direct	

Thermo	

Réponse	

Système	réel	

Algorithme	
d’inversion	
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Conclusion	
	

Méthode	pra)que	
	
§ 	InformaSons	parcellaires	
§ 	Biais	de	mesure	courant	
§ 	InterprétaSon	erronée	(très)	répandue	

Numérique	indispensable	
	
§ 	Meilleure	compréhension	des	phénomènes	impliqués,	et	de	leurs	conséquences	
§ 	Challenge	et	amélioraSon	des	méthodes	usuelles	
§ 	Aide	à	la	mise	en	place	de	nouvelles	méthodes	et/ou	protocoles	
§ 	CaractérisaSon	plus	poussée	

§  Thermodynamique	consistante	
§  Tout	type	de	loi	d’état	
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That’s	all	folks	
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Erwin	FRANQUET	
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Limite « vitesse nulle » 
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