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A study has been carried out of the influence of sample dilution, the nature of the gas 
atmosphere, and the static or flowing conditions of this, on the DTA curves resulting 
from the thermal decomposition of solids. The results obtained seem to indicate that 
only the reversible reactions of solid thermal decomposition are seriously affected by 
such factors. 

Differential thermal analysis has been widely used in the study of the kinetic 
and thermodynamic aspects of  decomposition reactions of  solids. A serious draw- 
back to this technique is the lack of  reproducibility of  the DTA curves provided 
by the literature [1] for analogous substances. According to the Committee of  
Standardization of the International Confederation for Thermal Analysis (ICTA). 
the discrepancies must in great part  stem from variations in the experimental 
conditions from one publication to another. This is difficult to establish, how- 
ever, because of the lack of experimental detail that has so far characterized the 
D T A  literature. 

Investigation of the influence of the experimental conditions on the DTA curves 
of  solids is therefore of  great interest. Studies of  the effect of  dilution of the sample 
on its DTA curve were carried out earlier [2, 3], and it was concluded that dilu- 
tion affects only the D T A  peaks due to thermal decomposition reactions, causing 
a lowering of the peak temperature. Warne and Mackenzie [3], studying the ther- 
mal decomposition of  alkaline-earth carbonates, think that such a phenomenon 
could be explained by the effect of dilution on the CO 2 pressure around the sample 
of  the CO2 resulting from decomposition of the salt. 

In the present paper, a simultaneous study has been carried out of the effects 
exerted on the DTA curves of  reversible and irreversible decompositions of  solids, 
by the dilution of the sample and by the nature and flow rate of  the gas flowing 
over the sample. 

* New address: Departamento de Quimica, Universidad de Santander, Santander, Spain 

1" J. Thermal Anal. 9, 1976 



4 C R I A D O ,  T R I L L O :  E F F E C T  OF D I L U E N T  A N D  A T M O S P H E R E . , .  

Experimental 

Materials. CaCO3 (d'Hemio A, R . )and  Ni(COOH)2-2 H20 (Probus A. R.), 
previously dehydrated at 130 ~ , were used. 

Differential thermal analysis. An AMINCO 4.4442 A thermoanalyzer, provided 
with a 1000 ~ furnace, nichrome sample holders and chromel-alumel thermocou- 
pies, were used. The heating rate was 16~ and all experiments were performed 
with A1203 as reference material. Sample and reference weights were about 200 rag. 

Static and dynamic atmospheres were used at a total pressure of 1 atm. When 
flowing gases were required, a flow rate of 60 cmZ/min over both sample and 
reference was used. 

The sensitivity measurement of the difference of temperature, AT, between 
the sample holders is given on the plots of the D TA  curves. 

Results and discussion 

The thermal decompositions of CaCOz and Ni(COOH)2 were studied by DTA: 

CaCO 3 ~ CaO + CO2 

Ni(COOH)2 -~ Ni + 2 CO2 + H2 

The stoichiometry of the nickel formate decomposition was established by anal- 
ysis of the gaseous and solid products by gas chromatography and X-ray diffrac- 
tion, respectively. The mechanism of this reaction was studied previously [4] 
under a N~ atmosphere in order to avoid oxidation of nickel. The kinetic data 
were not affected at all by variation of the pressure at which the experiments 
were performed. Analogous conclusions have been drawn for the thermal de- 
compositions of  other transition metal formates [4 -6 ] .  

In contrast, it is well known [7] that the thermal decomposition of CaCO3 is 
greatly influenced by the pressure of the surrounding atmosphere. 

DTA curves obtained in a static atmosphere of  air for CaCO3 samples (undiluted 
or diluted with 95 wt% A1203) are included in Fig. 1, together with those obtained 
~asing helium and nitrogen flows of 60 cm3/min over undiluted samples. 

This figure shows the marked influence of dilution on the DTA peak tempera- 
ture of CaCO3, that moves from 935 to 830 ~ 

Sample dilution exerts a considerably greater influence than elution with a ni- 
trogen flow. However, with helium as flowing gas, the DTA peak is shifted to a 
considerably lower temperature, as shown in the same figure. 

Figure 2 presents the DTA curves for Ni(COOH)2 in a N2 static atmosphere, 
and under flowing N2 and He at 60 cm3/min. It can be seen that the DTA peak tem- 
perature does not change, in spite of the different experimental conditions em- 
ployed. Dilution of the sample does not influence the peak temperature in this 
case [8]. 
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The previous results for the irreversible thermal decomposition of Ni(COOH)z 
and for the reversible decomposition of CaCO~ suggest that sample dilution, the 
nature of the flowing gas, and the static or dynamic conditions of this, do not 
change the temperature at which the DTA peak appears in the case of irreversible 
reactions, though this is not true in the case of reversible reactions such as CaCO 3 
decomposition. 
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Fig. 1. DTA curves (l 6~ for CaCO a, undiluted (a, c, d) and diluted with 95 wt % AlzO 3 (b). 
Surrounding atmosphere: a, and b, static air; c, flowing N 2 at 60 cm3/min; d, flowing He at 

60 cm3/rnin 

The shifting of the CaCO3 DTA curves could be explained by considering that 
the temperature range at which they appear decreases when the effectivity of the 
experimental conditions is increased by removal of the CO2 generated during the 
salt decomposition. 

If such an interpretation were correct, nitrogen would be a much poorer carrier 
gas than helium. This behavior could easily be explained, bearing in mind that 
the diffusivity of  a gas increases w~th decreasing molecular we/ght. Homogeneous 
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H e - C O 2  mixtures could therefore be obtained more quickly than N , , -CO2  ones~ 
and thus CO., would be more effectively removed by helium. 

An alternative explanation for the shifting of the CaCO3 DTA peak would 
take into account the much higher thermal conductivity of helium compared with 
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Fig. 2. DTA curves (16~ for undiluted Ni(COOH)2 under different surrounding atmo- 
spheres: a, flowing He at 60 cm3/min; b, static N~; c, flowing N2 at 60 cm3/min 

that of  nitrogen. However, this interpretation can be ruled out by the unchanged 
temperatures of  the DTA peaks for Ni(COOH)2 in Fig. 2, which seem to indicate 
that the nature of  the flowing gas does not influence this process. 
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R~SUMt~ - -  On a 6tudi6 l'influence de la dilution de l '6chantillon, de la nature de l 'atmosph6re 
ainsi que le fait que celle-ci soit statique ou dynamique, sur les courbes ATD r6sultant de la 
d6composition thermique des corps solides. Les r6sultats obtenus indiquent que de tels facteurs 
n' influencent de fagon s6rieuse que les r6actions r6versibles de ddcomposition. 

ZUSAMMENFASSUNO -- ES wurde der Einflug der Verdtinnung der Probe, der Beschaffenheit 
der Gasatmosphfire und seiner statischen oder Str6mungsbedingungen auf die DTA-Kurven  
der thermischen Zersetzung yon Festk6rpern untersucht. Die Ergebnisse deuten darauf  hin, 
dab nur die reversiblen Reaktionen der thermischen Zersetzung von Festk6rpern durch solche 
Faktoren starker beeinfluBt werden. 

Pe3roMe - -  l - IpoBe~eHo H3y~erme B~H~HHa p a 3 6 a B n e H u ~  0 6 p a 3 ~ a  B 3aBI4CI4MOCTH OT n p H p o ~ b r  

r a30BO~ aTMOCqbepbI, a TaKzce ee  CTaTH~ecKrIe CBO~CTBa ~ ye~oBrr  a ee  CTaTn~ecK~e CBORCTBa 
n y c a o B n ~  ee  Te~leh~I n a  r p a B b i e  ) I T A  TepMHqecl<oro pa3JIo~ei~Hn TBep~blX TeJI. l q o a y ~ e n n b ~ e  
pe3y~bTaT~I,  CO Bce~ o~eBr~HOCTbtO, yKa3t, IBarOT Ha TO, qTO TOYII~KO 0 6 p a T n M ~ e  peaKt~HH Tep-  

MI~qeCKOFO p a 3 ~ o ~ e n H a  TBep~bIX TeYI B 3HaqI~TeYlbnOffI CTe~IeHH 3aTpaI'~IBatOTC~ TaK~MH qbaK- 

TOpaMn. 
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