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ABSTRACT

The variation of the enthalpies of transition (AH,,) for Na,SO,, K,SO,, BaCO,
and SrCO, and of the enthalpy of decomposition of Mn,0; to Mn3O, with tempera-
ture have been studied using tabulated data® and the techniques of DTA, TG and
DTG.

The decomposition enthalpies of Mn,O, are estimated for two temperature
ranges of reaction with the aid of kinetic conversion factors determined empincally
from both TG curves and DTA peak areas. A quantitative evaluation of AH,, for
BaCO3; made by two methods suggests a difference of ca. 109/ between the exothermal
and endothermal peak areas.

INTRODUCTION

In determining unknown reaction enthalpies (AH) by the technique of quantita-
tive DTA! these enthalpics arc gencrally correlated to the areas of the DTA peaks.
The temperature dependence of the peak areas requires calibrating of the DTA
cells used.

The compounds employed as calibration standards are frequently those under-
going a reversible transition (L(s) =2 H(s)) or decomposition (A(s) = B(s) + C(g)).
These reactions usually occur over a range of temperature. Since the enthalpies of
formation for the products and the reactants in general vary differently with tempera-
ture the calibration values of AH obtained from the DTA peaks may be considerably
at variance with the reversible AH values at the equilibrium temperature of transition
(T,,) or those of decomposition at constant temperature and pressure.

Barshad? proposed that an empirical value may be assigned to the enthalpies
of decomposition reactions such that the reaction enthalpy at this temperature equals
that determined from DTA.

The aim of the present study is to estimate in general the magnitude of these
enthalpy variations using the recently tabulated AH data® and attempt to determine
the enthalpies of some reactions using the DTA- or combined TG-DTG-DTA-
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technique. Thc mctlons studied are the transitions of Na,S0,, K,SO,, BaCO; and-
SrCO; and the decomposition reaction of Mn,0; to Mn;30,.

THEORETICAL CONSIDERATIONS

The enthalpy change for a reaction occurring over a temperature range at
constant pressuze may be written in an integral form as

(T) ) aT ™

AH = f (an) — A (50

where T, — temperature of the observable onset of reaction; 7, = temperature of the
completion of reaction; A H(T),AH(T) = enthalpies of formation of the products
and the reactants, resp., as functions of temperature; a(7) = Kkinetic conversion
factor (varying between 0 and 1) for the reaction as a function of temperature.

To evaluate this integral exactly the enthalpies may for instance be expressed
analytically and 2(7) obtained from the reaction mechanism if this is known. For
practical purposes, the integral may, without substantial loss of accuracy, be replaced
by the summation over a number of temperature intervals so that

AH = Z; [AHLT) — AH(T)] - [«(T; + AT) — «(T})] 2
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Fig. 1. The enthalpies of formation of Mn203 and MnsOjy as functions of temperature.
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where T, and T, are identical to 7, and 7> in eqn. (1), respectively and T; is a mean
value of two adjacent temperatures.

Over a limited temperature range, the enthalpies may often be given in the
form AH(T) = aT - b, where a and b are constants or, determined directly from a plot
such as shown in Fig. 1 for the system Mn,0,-Mn;O,.

For the transition reactions only the DTA curve is usually available. When
the DTA peak can be correlated to the reaction kinetics the 2(7;) factors may be
estimated approximately using the frequently employed relation' between the heat
released during a reaction and the corresponding area of the DTA peak. One obtains
then

T]:. T(T)YAT
A= )
J: TAT)T

where T, = differential temperature as a function of temperature.

A certain error is introduced by the fact that the DTA peak is used simultane-
ously to determine the «(T;) factors and to evaluating the variation of the total
enthalpy change with temperature. This error may be minimized considerably when
the DTA peak is subdivided into a sufficient number of temperature intervals (about
10 in practice). -

The decomposition reactions can be followed by the combined DTA-TG-DTG
measurements. This offers advantages over the transition reactions in that

the «(T;) factors may be determined unequivocally from the TG curve,

the amount of the. compound which gives rise to the observable heat effect
during the reaction can be found (in the case of low enthalpy values) and

comparison of the form and maxima of the DTG and DTA peaks may reveal
whether or not the DTA curve is representative of the kinetics of the reaction studied.

EXPERIMENTAL

A microthermobalance (Mettler)* was employed and DTA or TG-DTG-DTA
curves were recorded simultaneously as a function of time and temperature. In
studying the decomposition of Mn,O; to Mn;O_; the samples were heated continu-
ously over the temperature range of the reaction as indicated in Fig. 2. Sample weights
were ca. 300 mg and crucibles of S-platinum and sintered alumina were employed.
The transition reactions were investigated using both small and larger samples 30-60
and 400-600 mg, respectively. The runs were made in S-platinum crucibles and both
the exothermal and endothermal transitions were recorded.

The other characteristic parameters of the runs were as follows: sensitivity of
the measurements: DTA, 50 gV; TG, 5 x 10~2 mg; DTG, 10 mg min—"; Pt-Rh



232

G
16

DIG
DTA

DIG

DTA

(b)

Fig 2. The thermograms obtained for the reaction of Mn=0Os to Mn1Oy4 in air in (a) sintered alumina,
(b) S-platinum crucibles.

thermocouples; temperature control: 4-1.5°C; heating (cooling) rate: 10°C min—*;
gas atmospheres employed: air, air 4 5 vol.%, CO, in the case of carbonates; gas
flow: ca- 6 1 h—'. For the reaction of Mn,O; to Mn;O, the «(T;) factors were deter-
mined using the DTA peaks as well as the TG curves corresponding to the temperature
range of the DTA peaks.

RESULTS AND DISCUSSION

The thermograms obtained for the decomposition of Mn,0; to Mn,O, are
shown in Fig. 2 for the samples run in platinum and alumina crucibles. It may be
noted that generally the departure from the DTA baseline is not observable until
ca. 1-2% of Mn,O, has reacted. Similarly, this baseline has been approached when
about 98-99 %, of Mn,O, has been converted into Mn;O,. The DTA peak area seems
thus to be relatable to only 96-98 9 of this reaction at the DTA sensitivity selected.

As indicated in Fig- 2 the maximum of the DTA peak is shifted towards higher
tempcrature by about 3°C from the maximum of the DTG peak in the case of a2lumina
crucibles. Since the hot junction of the thermoelement touches the surface of the
crucible, this shift is probably mainly due to a temperature gradient (V7T) through the
crucible wall. : , v

In order to determine the AH values for the reaction 3Mn,O; £ 2Mn,0, +
40, the a(T;) factors were evaluated using both the TG curves and the DTA peaks
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Fig- 3. The kinetic conversion factors (a(7})) as functions of temperature (75) obtained from TG
and DTA curves for the reaction of Mn2Q3 to MnaOj using (a) S-platinum and (b) sintered alumina
crucibles.

in the manner previously mentioned. Figure 3 shows these factors obtained for Pt
and Al,O; crucibles as a function of temperature. It is scen that the factors obtained
from DTA peaks are shifted relative to those from the TG curves towards lower
values over almost the whole temperature range. The shift is as expected larger for
the Al,O; than for the Pt crucibles. The occurrence of the shift for the Pt crucibles
seems to reveal the presence of a certain VI through the sample even when the
maxima of the DTA and DTG curves appear to coincide.

The AH values calculated (eqn 2) for this reaction when observed in the range
890-985°C are, in the case of Al,O; crucibles, equal to 17.69 kcal and 17.63 kcal
per 3 mole Mn,O; when using the a(T;) factors from TG and DTA curves, respec-
tively. For Pt crucibles (910-990°C) these values are 17.40 kcal and 17.35 kcal per
3 mole Mn,0;.

The enthalpies evaluated from the DTA peaks appear to be only slightly lower
compared to those obtained using the TG curves even in the case of Al,O; crucibles.
This suggests that DTA peak areas may be used as well to obtain these reaction
enthalpies with satisfactory accuracy. The differences between the AH values for the
above different temperature ranges illustrate the marked dependence of these enthal-
pies on temperature.

The plots of the enthalpies of formation® (AH(7)) against temperature for the
salts studied have been extrapolated in the range of ca. = 100 K beyond the equilib-
rium temperatures of transition and expressed in terms of relation AH(T) = aT + b.
Table 1 shows the values of the constants a and b obtained for this temperature range.
In Table 2 the observed temperatures of departure from the DTA baseline (7;)
and the observed maximal temperatures of approach to the DTA baseline (T) are
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TABLE 1

THE VALUES OF CONSTANTS @ AND b OF THE RELATION AH(T) = aT -+ b FOR THE ENTHALPIES OF FORMA-
TION AT TEMPERATURES Ter + 100 K FOR THE VARIOUS SALTS USED

L = low temperature form, H = high temperature form.

NasSO0;s K250, BaCOs SrCOs

L H L H L H L H
a x 10®
(kcal deg™}) 3.72 439 4.69 4.59 315 371 3.01 3.40
(kcal) 343.17 344.20 360.07 357.07 30292 30442 306.17 306.10
TABLE 2

THE TEMPERATUIES OF OBSERVABLE DEPARTURE (73) FROM AND OF APPROACH (72) TO THE DTA BASELINE
FOR THE VARIOUS SALTS USED

Salt Endo Exo

71 (°C) T=(°C) T1(°C) T2 (°C)
Na250, 235 315 230 190
K250 580 645 580 530
BaCO; 810 885 790 720
SrCOs 930 995 930 880
TABLE 3

THE YALUES OF MOLAR TRANSITION ENTHALPIES (kcal mol—?) FROM THE LITERATURES AT Ty AND THOSE
CALCULATED USING THE CONSTANTS IN TABLE 1 FOR THE TEMPERATURE VALUES 72 IN TABLE 2

Salt Na=SOs K2SOs BaCOs SrCOs
AA(Tw) 2.58 2.14 4.5(0) 4.7(0)
SA(Tz,en00) 291 2.09 498 5.01
AA(Tz,ex0) 2.08 : 220 4.06 456

given approximately for the larger samples. The maximal temperatures are chosen
to illustrate the magnitude of temperature range obtainable for these transitions.

A comparison of the DTA peaks for the smaller and larger samples shows a
shift to higher temperatures by 2-5°C of the peak maxima for the larger ones. This
indicates the presence of a certain V7 within the larger samples. In the above de-
composition reaction a shift of this magnitude is generated when using Al,O;
crucibles. It is shown that this introduces only 2 minor error in evaluating the reaction
enthalpy. ,

The literature values® of molar transition cathalpics (AH,,) at 7,, and those
calculated at temperatures 7 in Table 2 are shown in Table 3 for the respective salts.
They give a measure of the type and extent of the variation of these enthalpies with



235

temperature. The effect of temperature seems to be strong particularly for AH, (BaCO,)
since the H-form of BaCQ; is subject to a considerable “supercooling™.

The quantitative evaluation of AH,, for BaCO; has been made (eqns 2 and 3)
assuming that the obtained DTA peaks may be taken as approximately representative
of the conversion kinetics of this transition. For the endothermal and exothermal
transitions of the larger samples (Table 2) the values calculated are 4.75 and 4.25
kcal mol—!, respectively. Provided that the reference value® is correct numerically
the exothermal peak area then ought to be about 909 of the endothermal one. This
compares reasonably well with the value of 929/ determined for the DTA peaks
obtained experimentally. The error in the area determination has been about 39/.

Considering the transition enthalpies in Table 3, it may be anticipated that
simply taking the arithmetrical mean of the appropriate values ought also to provide
quite satisfactory values of AH(T,,) or the exothermal and endothermal transition
enthalpies for calibration.

ACKNOWLEDGEMENTS

I am indebted to Professor Nils-Gosta Vannerberg for many informative
discussions and to Dr. John Wood for revising the English text.

This work has been made in connection with a research project on nitrides in
steel supported financially by the Swedish Board for Technical Development (Contr.
no. EKB-U-287-76/77).

REFERENCES

W. W. Wendlandt, Thermal Methods of Analysis, 2nd ed., Wiley, New York, 1974, pp. 134-308.
L Barshad, Am. Mineral., 37 (1952) 667. )

I. Barin and O. Knacke, Thermochemical Properties of Inorganic Substances, Springer-Verlag,
Berlin, 1973.

H. G. Wiedemann, Chem_-Ing.-Techn., 36 (1964) 1105

B WN-



