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The activation energy for thermal dehydroxylation in vacuum of alkaline-earth
hydroxides has been calculated from thermogravimetric data. The experimental results
of Mg(OH), Ca(OH), and Sr(OH), are in agreement with an unimolecular decay law
and their activation energies are similar to the values of enthalpies of decomposition. In
contrast, as the dehydroxylation process of Ba(OH), takes place in liquid phase and
the BaO does not dissolve into the molten Ba(OH),, a kinetic of zero order describes the
reaction rate and the activation energy is lower than the enthalpy of decomposition.

The kinetic mechanism of thermal decomposition of both synthetic Mg(OH),
and natural brucite has received extensive attention [1—4]. However, though
thermal decomposition of the other alkaline-earth hydroxides has been studied
[5—8], these studies have been fundamentally guided to determine the stability
and identification of the new phases formed during the dehydration processes,
while nobody seems to have treated the kinetics aspects of these processes, per-
forming calculations about the kinetic parameters.

The kinetic of thermal dehydroxylation of alkaline-earth hydroxides has been
studied here, using thermogravimetric methods at programmed temperature.
These methods have been widely used in literature [9— 11] and have the advantage
over the isothermal one that using a single TG curve the kinetic parameters of
solid thermal decomposition can be determined.

Experimental

Materials. — The brucite sample came from a pencatite rock and its chemical
analysis was: SiO, 1.73%; Fe,03 3.27%; CaO 16.70%,; MgO 33.43%; loss on
ignition 30.13%;,. From these data and taking into account that X-ray diagram
showed that calcium and magnesium were found as calcite, dolomite and brucite,
the percentage of these minerals in the brucite sample were calculated as: brucite
45.849;; dolomite 5.6%; calcite 26.20%,.

Provided that the decomposition temperatures of calcite and dolomite are higher
than that of brucite, its TG curve is not influenced by the decomposition of those
species, being possible the kinetic study of the brucite diagram.
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Sample of Ca(OH),, Sr(OH),.8H,0O and Ba(OH),.8H,0 were from Merck
(Darmstadt). The latter two were heated at 300° for twenty-four hours to dehy-
drate them. Thermogravimetric studies were carried out using these dehydrated
alkaline-earth hydroxides.

Method. — Experiments were performed at a vacuum of 10-* torr, using
a CAHN Electrobalance, model RG, and heating rate of 11°C/min.

Results and discussion

Kinetic studies of the thermal decomposition of Mg(OH), from isothermal data
have been performed using the general equation:

&k f) = A T f) M
where « is the decomposed fraction of solid after a time #, f(«) a function depending
on the mechanism of decomposition and A4 and E the preexponential factor and
the activation energy, respectively. In these studies f(x) has been taken as (1 — )7,
where n is the reaction order, having only theoretical meaning for 0, 1/2, 2/3,
and 1 [12]. The first three values are referred to as a phase-boundary controlled
process and the latter as an unimolecular decay law.

On the other hand, the kinetic decomposition parameters in non-isothermal
conditions can be calculated from the expression:

o T
= L = _A_ -E[RT § 2
F(o) af(l—oc)“ OJ 5 e T 2

where f is the heating rate. An integration method of equation (2) has been devel-
oped by Coats and Redfern [13], using an approximate integration of the expo-
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Fig. 1. TG curves of alkaline-earth hydroxides.
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nential integral. Though other integral methods of Eq. (2) have been described
in literature [9], in a recent paper [14] we have shown the Coats —Redfern’s
method to be more reliable than those so that we shall make use of it to analyse
the thermogravimetric data of dehydroxylation of alkaline-earth hydroxides.

Figure 1 and 2 show the TG curve of the alkaline-earth hydroxides under
vacuum,
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Fig. 2. TG curves for Ba(OH),

While the maximum reaction rate of Mg(OH),, Ca(OH), and Sr(OH), is reached
when the decomposed fraction of the reactant, o,,,, has a value between 0.5—0.6,
the reaction rate of thermal dehydroxylation of Ba(OH), does not reach a maxi-
mum, but increases continually till the decomposed fraction is near unity. The
value of o, has been used to predict the decomposition mechanism of the solid
and several equations have been deduced to relate such a parameter with the reac-
tion order [15]. Then, as this analysis procedure of the shape characteristics of
the TG curves leads to analogous results applying to Mg(OH),, Ca(OH), and
Sr(OH),, their thermogravimetric data might be fitted to the same equation, but
a different mechanism could describe the thermal dehydroxylation of Ba(OH),.
It is known both St(OH),, and Ba(OH), have low melting points, and an extensive
range of values has been reported in literature [16]. From simultaneous DTA and
TG curves, we have obtained about 480 and 360° for the melting point of Sr(OH),
and Ba(OH), respectively [17]. Thus, thermal dehydroxylation of Sr(OH), and,
certainly, Mg(OH), and Ca(OH), would take place in solid phase while Ba(OH),
decomposition should occur in liquid phase. This different behaviour might
be suitable to explain the change of the shape characteristics that the TG curve
of Ba(OH),, included in Fig. 2, seems to show as regards the curves included in
Fig. 1.
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As mentioned above, the isothermal dehydroxylation of Mg(OH), has been
shown to proceed according to the Eq. (1), and values of n equal to 1/2, 2/3,
and 1 have been used [1—3]. Sharp and Brindley [18] have concluded that the
same experimental data can be described assuming different mechanisms which
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Fig. 3. Plotof 1 — (1 —a)' " vs. Log1/(1 —a). orn=1/2 @ n = 2/3

lead to a little change in the activation energy. However, this conclusion should
be taken with a great caution because the range of « used by these authors in the
determination of k (constant rate) was only 0.0—0.4 for n = 1/2 and 2/3, and
0.1—0.5 for n = 1. In Fig. 3 the functions F(x), obtained by integrating the left
hand side of the Eq. (2), are plotted against F(x) for » = 1, also proceeding
in the same way. It has been taken values of « at interval of 0.05 from « = 0.1
to o = 0.9. As shown in this Figure, an excellent linearity is obtained from o = 0.1
to « = 0.5, suggesting that the three reaction orders could describe the reaction
mechanism. Therefore, it is necessary to analyse the complete reaction to ensure
which mechanism governs the process.

The best linearity for the thermogravimetric data of Mg(OH),, from Fig. 1,
and applying the Coats and Redfern’s equations, was obtained for n = 1 (see
Fig. 4), while other significant values of n 0, 1/2 and 2/3 gave pronounced curves.
This result is in agreement with the value of o,, 0.54 from the TG curves [15]
and suggests that the decomposition of Mg(OH), is reasonably represented as a
random nucleation process with one nucleus on the individual particles and the
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rate of reaction proportional to the amount of the undecomposed substance. The
activation energy calculated from the slope of the best straight line was 21 Kcal/
mole. This value lies near the one of 20 Kcal/mole proposed by Sharp [19] for
the dehydroxylation of pure Mg(OH), in vacuum and suggests that the impurities
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Fig. 4. Data of decomposition of Mg(OH), analysed using different reaction mechanism
on=1,en=2/3; an=12; An=0
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Fig. 5. Kinetic study of decomposition of Ca(OH), and Sr(OH), after the unimolecular decay
law. o Sr(OH),; e Ca(OH),
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of the brucite studied here have no influence on its decomposition activation
energy.

The thermogravimetric data of Ca(OH), and Sr(OH), were also analysed with
the Coats and Redfern’s equations, using different values of n; in both cases the
best straight line was obtained for n = 1. The calculated activation energies were
28 and 30 Kcal/mole for Ca(OH), and Sr(OH), respectively (see Fig. 5).
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Fig. 6. Data of decomposition of Ba(OH), analysed using different reaction mechanisms.
en=0Arn=1,0on=2

Table 1
Calculated activation energies and enthalpies of dehydroxylation of alkaline-earth
hydroxides
Compound ‘ Range of « ‘ E, Kcal/mole 4n°, i(:e)ﬂ/mole
Mg(OH), 0.2—-0.9 21 19.4
Ca(OH), 0.1—0.9 28 26.8
Sr(OH), 0.2—-0.9 30 30.4
Ba(OH), (*) | 0.1—09 15 30.5

(+) Ref. (23).
(*) AH® for the reaction Ba(OH), (1) = BaO (s) + H,O (g).

Kinetic analysis of Ba(OH),, making use of the values of « taken from the TG
curves included in Fig. 2, is shown in Fig. 6. As a melting process takes place
before the thermal decomposition, the interface boundary disappears and two or
three mechanisms can be expected, namely: zero, first and second order [20].

The best linearity is obtained for a mechanism of zero order, Fig. 6, being the
rate of the reaction independent of the amount of Ba(OH), undecomposed. These
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experimental results are best explained as follows. The oxide formed during the
decomposition does not dissolve in the residual liquid phase, and the “concentra-
tion” of the reactant holds constant during the decomposition process. The cal-
culated activation energy for the dehydroxylation of Ba(OH), was only 15
Kcal/mole, notably lower than the activation energy of the other alkaline-earth
hydroxides.

Many authors [21—23] have found an approximate agreement comparing
experimental values of activation energy and enthalpy for the decomposition of
many solids. Table 1 contains the activation energy calculated in this paper for
the dehydroxylation of alkaline-earth hydroxides and the values of the enthalpy
of the same reaction.

This table shows that, in the case of Mg(OH),, Ca(OH), and Sr(OH),, there is
a good agreement between these energetic parameters, taking into account both
experimental error and the enthalpy of reaction is referred to the standard condi-
tions. In a recent study of the decomposition mechanism of CaCO,, Hills [24]
has concluded that the activation energy is equal to the enthalpy of decomposition
as the reaction rate is controlled by the rate of heat transfer towards the reaction
interface. Then, these ideas could also be applied to the mechanism of dehydroxy-
lation of Mg(OH),, Ca(OH), and Sr(OH),. Nevertheless, the dehydroxylation of
Ba(OH),, as it takes place in liquid phase, this has an effect on the kinetic of
decomposition, leading to an important decrease in the activation energy with
regards to the enthalpy of decomposition.
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REsuME — L’énergie d’activation de la déshydroxylation sous vide des hydroxydes des métaux
alcalins est calculée & partir des données thermogravimétriques. Les résultats expérimentaux
obtenus avec Mg(OH),, Ca(OH), et Sr(OH), sont en accord avec une loi de décomposition
unimoléculaire et les énergies d’activation correspondantes sont du méme ordre de grandeur
que les enthalpies de décomposition. Par contre, du fait que la déshydroxylation de Ba(OH),
a lieu en phase liquide et que BaO ne se dissout pas dans Ba(OH), fondu, la vitesse de la réac-
tion est décrite par une cinétique d’ordre zéro et I’énergie d’activation est plus faible que I’en-
thalpie de décomposition.

ZUSAMMENFASSUNG — Die Aktivierungsenergie zur thermischen Dehydroxilierung von Erd-
alkali-Hydroxiden im Vakuum wurde aus thermogravimetrischen Daten errechnet. Die Ver-
suchsergebnisse beziiglich Mg(OH),, Ca(OH), und Sr(OH), sind mit einem unimolekularen
Zersetzungsgesetz in Ubereinstimmung und die entsprechenden Aktivierungsenergien sind
den Werten der Zersetzungsenthalpien dhnlich. Im Gegensatz hierzu wird im Falle von
Ba(OH),, da der Dehydroxylierungsvorgang in der fliisssigen Phase stattfindet und das BaO
sich nicht im geschmolzenen Ba(OH), 16st, die Reaktionsgeschwindigkeit durch eine Kinetik
nullter Ordnung beschrieben und die Aktivierungsenergie liegt hierbei niedriger als die Zer-
setzungsenthalpie.

Peztome — U3 TepMOrpaBUMETPAYECKUX TAHHBIX BRIYHCICHA AKTHBAIIMOHHAS SHEPTHS TepMMU-
YeCKOro ASrHAPOKCHIIMPOBAHAA B BAKyyMe THAPOOKHUCEH IIeIOYH03EMENBHBIX METAIIIIOB. DKCIe-
puMeHTa bHbIe pe3ynabTaThl i Mg(OH),, Ca(OH), u Sr(OH), HaXOAATCA B COINIACHH ¢ MOHO-
MOJIEKYTIAPHBIM 3AKOHOM DPA3IIOKEHASA B HX SHEPTHH aKTHBIMH TOA00HH 3HAYCHAAM SHTAITBIMA
pasiioxeHus. B mpOTHBOIIONOKHOCTE 3TOMY, IOCKONIBKY IIPOolece Aeruapokcunuposannsa Ba(OH),
npoTeKaeT B xuIKOH (aze i BaO me pacTBOPAETCS B PACIUIABJICHHON THAPOOKHCH Oapwmsi, CKO-
POCTb peakMK OIKCHIBAESTCS HYJCBBLIM MMOPAIKOM W 3HEPIHs aKTUBALUYU HIKE, YeM DHTaNbIH
DPAa3IOXCHUS,
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