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Abstract

The application of the third-law method to the determination ofEtgarameters in cases of free-surface decomposition of Mg®@
BaSQ in vacuum and investigation of the effect of oxygen in reactor atmosphere on the rate of,Mg&@nposition allowed to support
the dissociative evaporation mechanism of decomposition of these sulfates with releasing of atomic oxygen as one of the primary products.
The experimental values of tiieparameter for MgS@and BaSQ are equal to 335.% 1.7 and 41H- 4 kJ mol . The serious difference in
decomposition temperatures in vacuum (about 1000 and 1400 K) akghrameters for these two sulfates is connected with the difference in
transfer of condensation energy of oxides to the reactants. In cases of,Mg88aSQ, the values of parameter are 0.42 and 0. Dependence
of the t parameter on the ratio of the equivalent pressure to the saturation pressure of corresponding metal oxide has been revealed from a
comparison ot parameters reported in the literature for eight different reactants. This correlation is of prime consideration for understanding
of the mechanism of consumption of the condensation energy by the reactant.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction Mohazzabi and Seardy] used a mass spectrometer to deter-
mine if SG; was present in the product, and, on this ground,
Thermal decomposition of metal sulfates is one of in- came to conclusion that the decomposition process should
dustrial processes for obtaining sulfur dioxide and different be described as
metal oxides. Therefore, the investigation of kinetics and 1
mechanism of this reaction is of obvious practical and theo- BaSQ, — BaO(s)+ S&; + 302 (3

retical interest. Most of the investigations of the sulfate de- o, the basis of thermodynamic analysis of the literature data,
composition were carrlgd out before 195{(])53].. This can L'vov and Novichikhin[8] and L'vov [9] have proposed the
be seen from a comparison of data reported in monographsyissociative evaporation scheme of BaS®d MgSQ de-

[2,3]. Decomposition of MgS@and BaSQ@, which is the o mposition up to gaseous oxides, Sd atomic oxygen:
object of this work, was studied id—7]. Preliminary con-

clusions about the mechanism of Mg$@nd BaSQ de- BaSQ, — BaO(g) + SG; + O 4)
composition has been made also in recent publicafi93.
The most common interpretation of sulfate decomposition MgSQ, — MgO (@) | +5& +0 ®)

reaction includes a two-step procgs6]: with the simultaneous condensation of low-volatility oxide

MgSO, — MgO (s) + SOs (1) MgO.
The purpose of this work consists in further investigation
SO; — SO, + 302 2 of kinetics of proposed reactions (4) and (5) with application

of two new techniques based on the third-law method of de-
* Corresponding author. Tek:7-812-552-7741; termination of thee parameter and'on the retardation effect
fax: +7-812-247-4384. of the excess of primary product in reactor atmosphere on
E-mail address: borislvov@rambler.ru (B.V. L'vov). the rate of decomposition. These techniques were described
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in detail elsewhergl0-14]. Therefore, only some final rela- ration mode, the partial pressuPg can be expressd@] as
tionships describing dependence of the retardation effect on

the partial pressure of gaseous product and equations neces- Kp\YY [ MA\Y? ([ MA /%

sary for the experimental determination of tHgarameter A=d (T) (M_B> (M_c>

by the third-law method will be presented below. 4 (Ma b2V [ ppa N\ /2
Fv\ Mg Mc
i Ay ST ArH?
2. Theoreﬂca] X exp_r Texp<_ r T) (8)
VR vRT

The main concept in the physical approg@happlied in
this work to the interpretation of kinetics consists of the be- Where

lief that the decomposition of reactants into primary gaseous p. _ ja o pb o ¢ 9)
species proceeds under equilibrium conditions but the ori-
gin and composition of these primary products might differ , — 5 +p 4 ¢ (10)

from those at equilibrium. In the case of sulfates, this dif-
ference consists in the decomposition of MS@Gto atomic and
oxygen and low-volatility gaseous molecules of MO, which
subsequently condense with the formation of solid MO.
The equilibrium character of decomposition reactions has
received recently10] a strong confirmation. The mean ra-
tio of the initial temperature of decompositiofy, to the E
parameter for 100 different substances (8.6.4 kJ mol1)

Here AfH7 and Ar S5 are, respectively, the changes of the
enthalpy and entropy in reaction (6).
If the partial pressurePy of the gaseous component B
taken from the literature practically coincides with the value greatly exceeds the equivalent pre_s_s!%geof th_e same com-
ponent released in the decomposition and if, in addition to

1 ; i .
(3'6# 0.2lImol™) predicted from eq”"'bT'“m thermody that, the magnitude afj remains constant in the process of
namics. The great advantage of the physical approach reIa_decomposition we call such an evaporation mode isobaric
tive to the standard (chemical one) consists of the possibility In this case: ' '

for the quantitative description of the decomposition process

using the laws of chemical thermodynamics. This possibil- gL/ @te) M\ 2@+ 1 M\ /2@
ity will be used in this work for the theoretical calculation Py = ’;f (—) = o (—)
. . . P /(a+c) Mc )24 /(a+c) Mc
and experimental determination of tBeparameter. B B
o] A HO
o7 rilp
2.1. Decomposition rate X exp(a + C)Rexp <_ (a+ c)RT) (12)

In the case of a compound S decomposed into gaseoudn order to take into account the partial transfer of the energy
products A, B and C with simultaneous condensation of released in the condensation of low-volatility product A to

low-volatility species A, i.e.: the reactant, we introduce into calculations of the enthalpy of
decomposition reaction (6) an additional term\c H%.(A),

S(s)— aA(9) | +bB(9)+ cC(9) (6) where the coefficient corresponds to the fraction of the
condensation energy transferred to the reactant. Thus, we

the flux of each product, which ultimately determines the rate ;
of decomposition, can be expressed through the so-calledc@n Write
equivalent partial pressuiReq (atm) of this product corre-

sponding to the hypothetical equilibrium of reaction (6) in ArHr =aAtHy (A) +bAtHy (B) + cAtHT (C)

the form: — AtHT (S)+ taAcHY (A) (13)
YMPgq .
J= o575 (7) For equal temperatures of the solid phases, one may expect
(2zMRT)Y/ S .
equipartition of energy between the two phases, i.e-
where M is the molar mass of product. Herg = 0.50. For some of the substances investigated up to now, the

101325 Paatm! is the conversion factor from atmospheres conditiont = 0.50 is found to be valid. At the same time
to pascals. This relationship is usually called the Hertz— for MgCO;s, SrCG; and BaCQ, t is equal to 0.47, 0.42 and

Langmuir equation. 0.10[13].

The magnitudes of thermodynamic functions (the entropy
2.2. Equilibrium pressure of product for dissociative and enthalpy) for the components of decomposition reac-
evaporation tions and for the reactions as a whole (marked by bold) at

different temperatures are listed Tables 1 and 2. A pos-
In the absence of reaction products in the reactor atmo-sible error (S.D.) in these calculations af /75 values is
sphere, the situation corresponding to &éyaimolar evapo- within 6 kJ mol .
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Table 1
Thermodynamic functions for MgSOdecompositior{15]

Functior? Temperature (K)
1000 1100 1200

9. (MgOg) 262.7 268.0 272.8
S% (MgOs) 82.2 87.1 91.6
55 (SG) 305.5 310.7 315.6
5% (02) 2435 246.8 249.9
53 (0) 186.7 188.7 190.5
S (MgSQy) 241.1 255.8 269.6
ArST 513.8 £ 3 5116 £ 3 509.3 £ 3
A SGlv 1713+ 1 1705+ 1 169.8 + 1
AtHS (MgOg) 72.1 77.6 83.2
AtHZ (MgOs) —559.2 —554.1 —548.9
AcHS (MgO) —631.3 —631.7 —632.1
AtHS (SOp) —249.4 —243.9 —238.4
AtHS (O2) 31.4 34.9 38.4
AtHY (0) 268.4 270.5 272.5
AtHS (MgSQy) —-1171.5 —1156.1 —1140.2
ArHSP 9975+ 6 995.0 + 6 9920+ 6
ArHOT/vb 3325+ 2 3317+ 2 330.7 £ 2

& All 55 values are in Jmoft K-1 and allA #5 values are in kI mot.

The uncertainties indicated here and in the text correspond to the S.D.

b At ¢ = 0.42 (seeSection 4.1on choosing this magnitude).

2.3. The third-law method for the experimental
determination of the E parameter

The third-law method is based on the direct application

of the basic equation of chemical thermodynamics:

Table 2
Thermodynamic functions for BagSQlecompositior{15]

Functior? Temperature (K)
1400 1428 142% 1500

55 (BaQy) 290.8 291.4 2914 293.4
57 (BaQy) 155.1 156.0 156.0 159.2
55 (02) 2554 256.0 256.0 258.0
55 (0) 193.7 194.0 194.0 195.1
55 (SG) 324.2 325.1 325.1 328.1
57 (BasQ) 350.5 353.5 360.5 369.5
ArST 4582+ 3 4570+ 3 4500+3 4471+3
A STy 1527+ 1 1523+1 150.0+1 1490+ 1
AtHF (BaQy) —76.4 —75.5 —75.5 —72.7
At HY (BaGy) —475.9 —474.5 —474.5 —469.8
AcHS (BaO) —399.5 —398.9 —398.9 —-397.1
AtHS (O2) 45.6 46.5 46.5 49.3
AtHY (O) 276.7 277.2 277.2 278.8
AtHS (SOp) —227.2 —225.9 —225.9 —-2215
AtH% (BaSQ) —1264.2 —1260.0 —1250.0 —1236.9
AHSC 12373+ 6 12358+ 6 12258+ 6 12215+ 6
ArHGIWE 4124+ 2 4119+ 2 4086+ 2 407.2+2

2 All §5 values are in Jmoft K-1 and allA #5 values are in kI mot.

The uncertainties indicated here and in the text correspond to the S.D.
b T = 1423K corresponds to the point af— B phase transformation

of BaSQ,.
¢ At T = 0 (seeSection 4.1on choosing this magnitude).

ArHS = T(ArS5 — RINKp) (14)

where as before\;S7 is the entropy change andp the
equilibrium constant for the reaction (6). Taking into account
Egs. (8), (10), (11) and (14 the case of decomposition of
sulfates in vacuum (the equimolar mode) can be reduced to
the equation:

E® = T(3(ArS7) — RIn Peg) (15)

The equivalent pressure of the gaseous product (B or C)
is related to the total absolute rate of decompositidn,
(kgm—2s~1), by the Hertz—Langmuir equation (7) rewritten
as

€a— 2y Mg + Mc

The factor 2 in denominator and additional factor in brackets
are installed in this equation to take into account the fact
that theJ value actually includes the flows of two gaseous
products (B and C) with the different molar masses.

As can be seen from the analysis of results reported in
[15] for several tens of substances, the data calculated by
the third-law method are in general the order of magni-
tude more precise than those calculated by the second-law
method. This is mainly connected with the systematic and
random errors in the determination of the true temperature
of reactant (for example, because of the self-cooling effect).
Instead of a proportional dependence of the erron il
determination on the error df in the case of the third-law
method, the error il\ H7. determination is proportional to
the error in the slope of the plot in the case of the second-law
and Arrhenius-plots methodi$0]. For illustration, afin =
900 andTmax = 1000 K, the error in 10K (Fax = 990 K)
results in the error im\ H7. calculation about 9% instead of
only 1% in case of the third-law method appliedTatay.

3. Experimental

The experiments were carried out with a Netzsch STA 429
instrument on the TG and DSC measuring head. The actual
measured quantities were the mass change of the sample per
time unit, AnVAt, and the absolute crucible temperature. An
open alumina crucible 5.7 mm inner diameter and 4.0 mm
high was used as a sample container. The reacting materials
were rhombic crystals of natural barite and high purity pow-
ders of anhydrous magnesium and barium sulfates. A pow-
der sample (20 mg) introduced into a crucible was leveled
and pressed manually (about 1 kg mfinto a flat pellet.

The total (outer) surface area of pellet was calculated taking
into account the crucible diameter and the width of pellet
(estimated from the sample mass and the apparent density
of powder measured separately). The surface area of crys-
tal was evaluated from the known mass and the density of
barite (4500 kg m®3) taking into account a real shape of the
crystal.
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In experiments on determination of theparameter, the  this case, only relative losses of mass over 100 min were
sample chamber was evacuated to a residual pressure abouheasured under isothermal conditions. The purpose of
n x 10~8atm with the use of rotation and oil-diffusion these experiments was to prove the absence of any signif-
pumps. All measurements have been conducted at contin-cant retardation effect of £on the decomposition rate (in
uous pumping under isothermal conditions. The heating comparison with that in nitrogen).
rate of the sample from the room temperature to interme-
diate one (20K lower than the desired temperature) was
10Kmin~! and from intermediate to the desired temper- 4. Results and discussion
ature was 2 Kminl. At the beginning of each measuring
cycle, the system was heated at the temperature choserd.l. Interpretation of decomposition kinetics on the basis
usually during 10 min, to reach a constant rate of the de- of vacuum experiments
composition. The changes of the mass and surface area of
crystals and powders during this period were taken into Experimental conditions and results of determination of
account. A decrease of the surface area, as was checkethe E parameter for MgS@and BaSQ@ decomposition in
experimentally, was proportional tol — )% where o vacuum by the third-law method are presentedémle 3.
is the decomposition degree. Temperature was measureds expected, the reproducibility of determinations of Ehe
with Pt—Pt10%Rh thermocouple placed with its junction parameter is very high. If one compares the kinetic param-
immediately below the crucible. Temperature variations in eters for these two sulfates, serious differences in the de-
the process of mass-change measurements (usually, duringomposition temperatures and tBeparameters stand out.
20-30min) did not exceed0.2K. A single measurement The decomposition temperature for BaSi® about 400 K
of the decomposition rate took entirely about 2—3 h. higher and théE parameter is 80 kJ mot higher than these

The absolute value of the decomposition rate for powder parameters for MgS® This is difficult to understand be-
samples of MgS® was estimated using the method pro- cause the enthalpies for dissociative evaporation for both
posed in our previous woif 2]. It consists in the evaluation  sulfates (without taking into account the condensation en-
of the absolute decomposition rate of a powder sample (re-ergy transfer to the reactant orat= 0) are approximately
duced to the unit of the outer surface area of a pellet formed equal: 1263 and 1237 kJ mdi (seeTables 1 and 2). The
by the powder sample in a cylindrical crucible). The value only explanation of this difference in the framework of a
received is lowered by the correction (empirical) factor and physical approach is to propose that the value pfiram-
then used for the calculation of the parameter by the eter for these sulfates is different. In case of BaSis
third-law method. The value of this factg2.8 4= 0.4), as value should be equal to zete = 0). Then the theoretical
was shown in[12—-14], does not depend on the tempera- values of theE parameter at 1397 and 1427K (412.4 and
ture, residual pressure of gas in the reactor, grain size and408.6 kJ mot?) are the most close to experiment (415.8 and
mass of a powder sample. This is not the case for BaSO 407.6 kJmot?). The discrepancy is lower than 1%. Any in-
Due to the high saturation pressure of BaO vapor, which crease of the parameter may only enlarge the discrepancy.
is comparable with the equivalent pressure (see below), theAt first glance, this explanation may seem to be strange be-
decomposition of particles in inner parts of powder sam- cause solid BaO is the real product of Baiecomposition.
ple is blocked and decomposition occurs only on the outer However, if we compare the saturation pressure of BaO va-
surface of the sample. In this case, the correction factor por at 1397 K (1.4« 10~8 atm) with the equivalent pressure
should be omitted. To support this statement, a comparative(2.7 x 10-8atm), it can be seen that these values are very

experiment with BaS@crystal has been performed. close. Under this condition, the transfer of the condensation
The experiments on the retardation effect of oxygen on energy to the reactant, as might be expected, is inefficient.
the decomposition of MgSQwere carried out in two dif- In case of MgSQ@, the difference between the equiva-

ferent gases: nitrogen and air at atmospheric pressure. Irlent pressure and the saturation pressure of MgO vapor at

Table 3
Experimental conditions and results of determination of Ehearameter for sulfate decomposition in vacuum by the third-law method
Sulfate  Sample T (K) mo S am? S AMVAE  Jeon® Pegq (atm) (A SS1v) E

(mg) (mn?d) (mmd)  (ngshH  (kgm2sh (@mortk—1)  (kImol?l)
MgSOs  Powder  1005.8  20.0 61.78 0.0464  59.86 0.117 60807 3.75x 10°° 171.3 3345
MgSO;  Powder 10055 20.0 61.78 0.0225  60.85 0.089 502207 2.80x 10°° 1713 336.9
BaSQ Powder  1396.9 20.0 57.30 0.1513  51.37 0.216 42006 2.66x 108 1527 415.9
BaSQ  Powder 13963 200 57.30 0.0948  53.62 0.227 4230% 268x 108 1527 415.6
BaSQ Crystal 14266  20.2 18.66 0.0359 18.21 0.232 12105 812x 108  150.0 407.6

@ The decomposition degree by the time of measurement.
b The surface area by the time of measurement calculated by the equatienSo(1 — am)?/3.
¢ Jeor = (Am/ADI2.8%, for MgSOy and Jeor = (Am/ADISy, for BaSQ.
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Table 4
Kinetics of isothermal decomposition of Mgg@n atmosphere of nitrogen and air at 1202 K

Atmosphere Consecutive run of the relative loss of mass per each 10 min (%) Overall loss over
100 min (%}

Nitrogen 0.71 0.87 0.88 0.91 0.92 0.93 0.94 0.96 0.97 0.97 9.06

Nitrogen 0.83 0.88 0.88 0.93 0.94 0.95 0.96 0.98 0.98 1.02 9.35

Air 0.84 0.90 0.89 0.89 0.89 0.88 0.90 0.91 0.90 0.97 8.97

Air 0.78 0.87 0.89 0.86 0.90 0.90 0.89 0.89 0.91 0.88 8.69

a Averaged loss ratio: nitroggair = (9.06+ 9.35)/(8.97+ 8.69) = 1.042.

1000K reaches 15 orders of magnitude, so that efficiency sition. As follows fromEgs. (8)—(12), the ratio of the equi-
of transfer of the condensation energy to MgS® ex- librium pressures in nitrogen and air, which corresponds to
pected to be high. The best correlation between experimentalthe ratio of decomposition rates, in case of MgStecom-
(335.7+ 1.7 kI mot 1) and theoretical (338 + 2 kJ mot1) position is equal to
values of theE parameter is observed at= 0.42. This pe (PL)025
magnitude is lower than the value 0.50 observed for CaCO —’i* = 1.20% (18)
[11] and MgCa(CQ)2 [12] but higher than the value af Py Kp
(0.10) for decomposition of BaCQ_13]. Thgrefore, it must If we install into Eq. (18) P4 = 0.21 andKp = 1.707x
not be ruled out that the composition of primary products of _ 5 5. 1 .

. X . . X 10~ 13 atn?5 valid for reaction (17) af’” = 1202 K, we ob-
decomposition differs from that in reaction (5). In particular, . e ni ~
) . tain the valueP; / P, = 15.4. As can be seen froifable 4,
it can be proposed that all or a part of oxygen in the process CATA o .
of MgSQ, decomposition is released as @nd the value of the actual ratio of the decomposition rates is equal to 1.04.

The absence of any significant retardation effect efdd

T parameter is actually _Iower than 0.42. For example BEhe the rate of MgS@ decomposition means that the release of
parameter for the reaction . . .
oxygen in the process of decomposition occurs in the form

MgSQO, — MgO(s) | +SO, + %02 a7) of O atoms in accord with reaction (5). A residual difference

N (4%) in the decomposition rates can be related with higher
under condition oft = 0.28 should be equal to 3338 value of the coefficient of diffusion of gaseous specieslSO
2kJmotL. This value is also in agreement with the exper- in nitrogen compared to that in dit6].
imental (335.7 1.7 kJmot!) value. Therefore, additional
experiments are necessary to prove the absence of moleculas.3, The literature data on decomposition kinetics of
oxygen in primary products of MgSQdecomposition. MgSO,4 and BaSO,

The literature data on the parameter for decomposition
of MgSO, and BaSQ are presented ifiable 5. (For com-

To check this statement, we measured the decompositionpleteness, the results obtained in this work are included.)
rate of MgSQ in two gases: nitrogen and air at 1202 K and The results reported in woifk] seem to be the least reliable.
1latm pressure (seBable 4). The only difference between The decomposition temperature was about 100 K higher than
these gases is the presence in air of about 212lfQhe in other works[5,6] and only three points were used for
decomposition proceeds in accord with reaction (17), the plotting the Arrhenius graph. The value obtained for pure
presence of @should seriously reduce the rate of decompo- MgSQ, (661.1kJ mot?) is unrealistically high. In case of

4.2. Decomposition of MgSOy in nitrogen and air

Table 5

Experimental conditions and kinetic characteristics for the decomposition of Mg and Ba sulfates (overall data)

Reactant Sample Atmosphere Temperature (K) Point number Method E (kJmol 1) Reference
MgSOy Powder N flow 1293-1333 3 Arrhenius plots 661.1, 3694 [4]
MgSOs Powder Air 1164-1245 5 Arrhenius plots 343.1 10 [5]
MgSOy Powder Air 1193-1353 7 Arrhenius plots 311. A 13 [6]
MgSOs Powder Vacuum 1006 2 Third-law 335.7+ 1.7 This work
BaSQ Crystal Vacuum 1422-1540 42 Second-law 383.5 8.4 [7]

BasSQ Crystal Vacuum 1450 1 Third-law 409.7 [7]

BasQ Powder Vacuum 1397 2 Third-law 415.8+ 0.2 This work
BaSQ Crystal Vacuum 1427 1 Third-law 407.6 This work

@ For pure MgSQ and MgSQ + 5% FeOs, respectively.

b The “apparent enthalpy of activation” for reaction (3): 5% 12.6 kJ (mol BaSQ@)~! [7] is related to 1 mol of gaseous products.
¢ Calculated in this work on the basis of data reportedi7in Peq = 1.15x 107 atm atT = 1450K (ArSiase/v =149.7J moft K1),
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Fig. 1. Dependence of parameter on the ratio of the equivalent pressure of metal oxide to its saturation pressure at decomposition temperature.

mixture of MgSQ with 5% FeOs, the value of theE pa-
rameter (369.4 kJ mot) is more reasonable. Of two other
works[5,6], the result reported ifb] is probably more reli-

4.4. Dependence of T parameter on condensation
conditions of low-volatile product

able because of lower temperatures used in experiment. This The availability of the reliable values of parameters

resultis in a good agreement with our data (only 2% higher).

The value of theE parameter for BaSpdecomposition
calculated by the second-law meth{@d is probably under-

obtained recently in cases of decomposition of different
reactants for alkaline earth metals made it possible to cor-
relate these values with the conditions of condensation of

estimated because of the self-cooling effect. This is obvious low-volatility oxides for these metals. Of several possible
from a comparison of the results calculated by the third-law parameters, we used the ratio of the equivalent pressure
and second-law methods. The similar discrepancy has beerto the saturation pressure of corresponding metal oxide
observed in cases of determination of thg@arameter for (Peq/Psap as a criterion responsible for this correlation. As
calcite[11], dolomite[12] and witherite (BaCg) [13]. At can be seen from the data presentedable 6and espe-
the same time, the value calculated by the third-law method cially from Fig. 1, there is a rather monotonous increase
(409.7 kamot?) is in excellent agreement with the theo- of t parameter with log (B/Psap. This correlation is not
retical value (408.1 2kJmot 1) at 1450K (se€Table 2) only of practical importance but is of prime consideration
and with our results: 407.6 and 415.7 kJ moht 1427 and for understanding of the mechanism of consumption of the
1397 K, respectively. condensation energy by the reactant. This problem calls for
further experimental and theoretical investigation.

Table 6
Dependence ofr parameter on the ratio of the equivalent pressure of
metal oxide to its saturation pressure at decomposition temperature

5. Conclusions

The application of the third-law method to the determi-

Reactant T (K) l0g(Peq/Psad T parameter Reference . .

_ nation of theE parameters in cases of free-surface decom-
BasQ 1400 0.5 0 This work position of MgSQ and BaSQ in vacuum and investigation
BaCQ; 1077 47 0.10 [13] f the effect of ) tor at h the rate of
MgSOs 1000 152 0.42 This work of the effect of oxygen in reactor atmosphere on the rate o
SICos 008 16.5 0.42 [13] MgSO, decomposition allowed to support the dissociative
CaCQ 800 27.0 0.50 [13] evaporation mechanism of decomposition of these sulfates
MgCa(CQy)2 812 278 0.50 (13] with releasing of atomic oxygen as one of the primary prod-
MgCOs 670 322 0.47 (13] ucts. The experimental (averaged) and theoretical values of
Mg(OH), 600 375 0.61 [17]

the E parameter, which can be recommended as the most
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Table 7 [5] W.E. Brownell, Reactions between alkaline-earth sulfates and crys-
The ultimate experimentaland theoretical values of the parameter tobalite, J. Am. Ceram. Soc. 46 (1963) 125-128.
— - [6] S.F. Hulbert, Effect of processing parameters on the kinetics of
Decomposition reaction T (K) T E (kymol™) decomposition of magnesium sulphate, Mater. Sci. Ing. 2 (1967/1968)
Experiment  Theory 262-268.
[7] P. Mohazzabi, A.W. Searcy, Kinetics and thermodynamics of de-
MgSQ, — MgO(9) | 1200 042 330t 16 331+ 2 composition of barium sulfates, J. Chem. Soc., Faraday Trans. | 72
+5G;+0 (1976) 291-295.
Baséloj B‘an(g) \: 1425 0 411+ 4 409+ 2 [8] B.V. L'vov, A.V. Novichikhin, Quantitative interpretation of the evap-
+SO +

2 The most reliable data from the literatujg-7] and this work are

oration coefficients for the decomposition or sublimation of some
substances in vacuo, Thermochim. Acta 290 (1997) 239-251.

averaged. [9] B.V. L'vov, The physical approach to the interpretation of the kinetics
and mechanisms of thermal decomposition of solids: the state of the
art, Thermochim. Acta 373 (2) (2001) 97-124.
[10] B.V. L'vov, The interrelation between the temperature of solid de-
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