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Abstract

Computer simulation of the layer-by-layer distribution of temperature and dehydration rate J in powdered Li2SO4�H2O

monohydrate as functions of the partial pressure Pw of water vapor reveals a substantial self-cooling of the sample. The

anomalous course of the J�f(Pw) curve with increasing Pw, which manifests itself in the appearance of a maximum in the

curve (the Topley±Smith effect), originates from the competition of the depressing action of H2O vapor on the dehydration

rate with increasing heat transfer from the furnace to the sample. The model accounts for the main features of the Topley±

Smith effect, namely, the falloff of decomposition rate for low Pw and the minimum in the J�f(Pw) curve, the variation of the

value of Pw corresponding to the maximum of the curve within two orders of magnitude for different hydrates, and the

enhancement of the effect with increasing decomposition temperature and decreasing grain size of the powder sample.
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1. Introduction

Anomalous variation of the rate of dehydration (J)

of crystalline hydrates with increasing water-vapor

pressure (Pw) was discovered by Topley and Smith

(T±S) in 1931 [1] in a study of the rate of dehydration

of MnC2O4�2H2O. An excellent description of the

essence and possible mechanisms of this effect can

be found in Ref. [2]. In the time elapsed thereafter, the

T±S effect was observed in a score of different crystal-

line hydrates [3±17] (see Table 1). The most sizable

contribution to its investigation is due to Frost et al.

[5±8] in the 1950 s and to Bertrand et al. [11±13] in the

1970 s. Nevertheless, there is still no universally

accepted explanation of the nature of this phenomenon

which would account for the shape of the J�f(Pw)

curve and for the speci®c features of its manifestation

under variation of the measurement conditions,

namely, dehydration temperature, sample mass, pow-

der grain size, the presence in the reactor of foreign

gases, etc. Out of the four or ®ve different mechanisms

proposed by various researchers, one most frequently

invokes recrystallization of the product in the presence

of H2O put forward by Volmer and Seydel [4]. This

mechanism assumes, in the course of recrystallization,

the formation of additional channels, cracks and pores

between the product particles, which favor evolution

of water vapor from the reaction region and, as a

consequence, an increase of the decomposition rate.

The model proposed by Bertrand et al. [3], which is

based on assuming a spatial thermal gradient in the
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reaction zone, did not receive as much recognition. In

this model, the anomalous increase of the rate of

decomposition with Pw is ascribed to the increasing

rate of heat transfer from the heater to the reactant,

whose temperature is lower as a result of the self-

cooling effect. The mechanism was convincingly

supported by model calculations and experiments with

an evaporator±condenser system using ethanol and

water for illustration. In these experiments, the tem-

perature of the evaporating liquid was found to be

much lower than that of the evaporator. In case of

ethanol, e.g. the difference from the thermostat tem-

perature (300 K) was as high as 45 K or 15%. For

reasons which remain unclear, this model did not

enjoy further development in the subsequent 20 years

of investigation of the T±S effect. One may only

conjecture that the existence of an enormous differ-

ence in temperature between a crystalline hydrate

sample and the heater was considered by many

researchers to be just impossible.

Presently, the situation has changed. It was shown

[18] that the heating of powder samples being decom-

posed in vacuum is extremely nonuniform, so that the

ratio of the temperatures of the heater and the inner-

most layer in the powder sample may be as high as 1.5

or even more. The nonuniformity of heating increases

with the number of layers n of the powder sample and

decomposition temperature. For instance, in the case

of Mg(OH)2, decomposing at a heater temperature of

600 K, the calculated temperature of the innermost

Table 1

The Topley±Smith effect studies

Reactant Product T/8C Diameter of grains/ Pw/Torr Ref. and year

mm
min max

of publication

MnC2O4�2H2O MnC2O4 76 0.1 1.0 [1] (1931)

MnC2O4�2H2O MnC2O4 76 88 0.125 0.96 [3] (1935)

MnC2O4�2H2O MnC2O4 60 0.061 0.26 [4] (1937)

ZnSO4�6H2O ZnSO4�H2O 45 310±420 0.8 1.55 [5] (1951)

CuSO4�5H2O CuSO4�H2O 40 310±420 0.3 3.4 [6] (1953)

MnSO4�4H2O MnSO4�H2O 40 310±420 1.1 3.0 [7] (1955)

ZnSO4�7H2O ZnSO4�H2O 40 310±420 1.5 a 4.0 a [7] (1955)

FeSO4�7H2O FeSO4�H2O 60 310±420 6 8 [7] (1955)

Ni(NO3)2�7H2O Ni(NO3)2�2H2O 50 310±420 2.5 2.9 [7] (1955)

MgSO4�7H2O MgSO4�H2O 40 310±420 5 7 [7] (1955)

NiSO4�6H2O NiSO4�H2O Ðb 310±420 Ðb Ðb [7] (1955)

MgSO4�7H2O MgSO4�H2O 40 310±420 4 15 [8] (1956)

CoCl2�6H2O CoCl2�H2O 30 310±420 Ð 0.7 [8] (1956)

CaSO4�0.5H2O CaSO4 140 64±75 5 17 [9] (1970)

CaC2O4�H2O CaC2O4 120 120±150 0.5 1 [10] (1970)

CuSO4�5H2O CuSO4�H2O 31 0.4 1.3 [11] (1972)

Li2SO4�H2O Li2SO4 86 90±100 1.7 2 [12] (1974)

MgSO4�4H2O MgSO4�2H2O 86 <63 8 30 [12] (1974)

CuSO4�5H2O CuSO4�3H2O 52 63±90 1 6 [12] (1974)

CuSO4�3H2O CuSO4�H2O 54 <40 0.2 3 [12] (1974)

NaB4O5(OH)4�8H2O NaB4O5(OH)4 38 63±90 5 12 [12] (1974)

CuSO4�5H2O CuSO4�3H2O 45 15±20 1 3 [13] (1978)

MgC2O4�2H2O MgC2O4 114 120±150 0.5 2 [14] (1978)

Zn(HCO2)2�2H2O Zn(HCO2)2 100 160±250 Ð 0.7 [15] (1989)

Er(HCO2)2�2H2O Er(HCO2)2 124 250±310 Ð 0.5 [16] (1992)

BaCl2�2H2O BaCl2�H2O 44 53±63 0.7 c 1.2 c [17] (1995)

a Two minima and two maxima were observed: at 0.2 and 0.7, and 1.5 and 4.0 Torr.
b Similar to MgSO4�7H2O [7].
c Our estimation based on the original data of Ref. [17].
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powder layer is 480 K for n�100 layers and 387 K for

n�104, whereas for the heater temperature of 500 K

the corresponding values are, respectively, 473 K and

the same 387 K.

In view of the above, as well as taking into account

the scheme developed in Ref. [18] for calculating the

rate of decomposition of a nonuniformly heated pow-

der sample in vacuum, we have attempted to carry out

a theoretical calculation of the J�f(Pw) relation using

for illustration the dehydration mechanism proposed

[19] for Li2SO4�H2O.

2. Theoretical

2.1. Pressure dependence of heat flux

The heat expended in decomposing a powder sam-

ple in a stationary regime is compensated by the

radiation emitted by the heater and powder grains

and through heat transfer by the gas molecules.

According to the Stefan±Boltzmann law, radiative

heat transfer depends only on the temperature of

the surfaces involved and does not depend on the

gas pressure in the reactor. At low pressures, the heat

¯ux Jq transported by gas molecules is proportional to

the number of molecular collisions with the surface

and the temperature difference �T between the adja-

cent powder layers:

Jq � PCv�T

�2�MRT�1=2
(1)

where Cv is the molar heat capacity at constant

volume,  the coef®cient of conversion from atmo-

spheres to pascals, M the molar mass of the gas and R

the gas constant.

The heat ¯ux continues to grow with pressure until

the mean free path � becomes equal to the separation

between the powder grain layers [20]. Further growth

of P no more affects Jq. The quantity � can be derived

from the equation

� � 1

4
���
2
p

�r2N
(2)

where r and N are the radius of molecules and their

number in 1 m3, respectively, [20].

The magnitude of r is about the same for the H2O

and N2 molecules, namely 1.75�10ÿ10 m [20].

Expressing N through pressure (in atm) and gas tem-

perature and inserting the value of r in Eq. (2), we

arrive at

� � 2:5� 10ÿ10T=P (3)

For instance, for T�400 K and P�10ÿ2 atm,

��1�10ÿ5 m�10 mm.

2.2. Modeling of temperature distribution

In simulating the temperature distribution inside a

powder sample, we used the same approach as before

[18]. The sample was considered as consisting of

horizontal layers of material of thickness equal to

the powder grain diameter. Thus, simulation of the

temperature distribution inside a powder sample can

be reduced to modeling the vertical temperature dis-

tribution between layers of this substance. If the

furnace temperature is the same on top and at the

bottom of the sample, the analysis can be limited to

considering only one half of such a multilayered

sample, from the central, 0th or 1st layer, to the

outermost nth layer.

Disregarding heat conduction through point con-

tacts among the grains and assuming a steady-state

decomposition, we can write for an ith layer the

following equality between the amount of heat

expended for the decomposition, radiation and heat

transfer through water vapor and residual air and that

received in the form of radiation and heat transfer from

the adjacent (iÿ1)th and (i�1)th layers:

2AT
ÿ1=2
i

P2
w

4
� B exp

E

Ti

� �1=2

ÿPW

2

" #
� 2CT4

i � DwT
ÿ1=2
i Pw�Ti ÿ Tiÿ1�

� DaT
ÿ1=2
i Pa�Ti ÿ Tiÿ1�

� C�T4
iÿ1 � T4

i�1� � DwT
ÿ1=2
i Pw�Ti�1 ÿ Ti�

� DaT
ÿ1=2
i Pa�Ti�1 ÿ Ti� (4)

where

A � �H0
T

�2�MpR�1=2
(5)

B � exp
�S0

T

R
(6)
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C � "� (7)

Dw � Cvw

�2�MwR�1=2
(8)

Da � Cva

�2�MaR�1=2
(9)

and

E � ÿ�H0
T

R
(10)

Here �H0
T and �S0

T are, respectively, the changes of

the enthalpy and entropy in the decomposition pro-

cess, Pw and Pa the external pressure of the water and

air, Mp, Mw, Ma the molar masses of the product, water

and air, Cvs and Cva the molar heat capacities of water

and air, " the emittance of the grain surface and � the

Stefan±Boltzmann constant. The expression in square

brackets corresponds to the partial pressure of the

product for comparable values of external and internal

partial pressures of water [18].

Eq. (4) can be conveniently recast in the form

C�T4
i�1 ÿ 2T4

i � T4
iÿ1� � �DwPw � DaPa�

� T
ÿ1=2
i �Ti�1 ÿ 2Ti � Tiÿ1�

� 2AT
ÿ1=2
i

P2
w

4
� B exp

E

Ti

� �1=2

ÿPw

2

" #
(11)

For the central (i�0 or i�1), the coldest layer, one

should write the following additional boundary con-

dition

Ti�1 � Tiÿ1 (12)

if the total number of layers is odd (nt�2n�1), or

Ti � Tiÿ1 (13)

if it is even (nt�2n). Thus, Eq. (11) takes on the form

C�T4
1 ÿ T4

0 � � �DwPw � DaPa�Tÿ1=2
1 �T1 ÿ T0�

� AT
ÿ1=2
0

P2
w

4
� B exp

E

Ti

� �1=2

ÿPw

2

" #
(14)

for the case (12), and

C�T4
2 ÿ T4

1 � � �DwPw � DaPa�Tÿ1=2
1 �T2 ÿ T1�

� 2AT
ÿ1=2
1

P2
w

4
� B exp

E

Ti

� �1=2

ÿPw

2

" #
(15)

for the case (13). Eqs. (14) and (15) permit one to

determine the temperature of the layer adjacent to the

coldest layer, if the temperature of the latter is pre-

scribed arbitrarily (T0 or T1). The temperatures of all

the other layers can be sequentially calculated from

Eq. (11), with due account of the fact that the tem-

perature of the (n�1)st layer should coincide with that

of the furnace. To do this, one should vary T0 or T1

appropriately while keeping the other conditions con-

stant.

2.3. Simulation of J�f(Pw) curve

The calculations were completed by constructing

J�f(Pw) curves, which relate the rate of dehydration of

Li2SO4�H2O to the external partial pressure of water

with the other variable parameters, namely, furnace

temperature, partial pressure of residual gas (air) and

the number of layers in the powder sample.

The resultant decomposition rate was calculated

using the Hertz±Knudsen±Langmuir equation while

taking into account the layer-by-layer distribution of

temperature Ti:

J�Mr

Pn
i�1 T

ÿ1=2
i ��P2

w=4�B exp�E=Ti��1=2ÿPw=2�
�2�MpR�1=2

(16)

where Mr is the molar mass of the reactant and the

bracketed expression corresponds, as before, to the

partial pressure of the product for comparable values

of the external and internal partial pressures of water

[18].

The decrease in the rate of decomposition under

nonuniform heating of the powder (Jn) relative to the

rate found under uniform heating of the powder (Ju) up

to the furnace temperature was calculated using the

obvious relationship

Jn

Ju

�
Pn

i�1 T
ÿ1=2
i ��P2

w=4� B exp�E=Ti��1=2 ÿ Pw=2�
nT
ÿ1=2
f ��P2

w=4� B exp�E=Tf��1=2 ÿ Pw=2�
(17)

2.4. Selection of initial parameters

Table 2 lists all the data required to calculate the

temperature and rate of the following reaction

Li2SO4 � H2O�s� ! Li2SO4�g� � H2O (18)
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The enthalpy of reaction (18) is given while taking

into account the partial transfer of the energy released

in Li2SO4(g) condensation to the reactant at ��0.6

[19]. By analogy with MgO [18], the value of " was

taken equal to 0.62. The values of Cvw and Cva were

chosen in accordance with the experimental data

presented in Ref. [20].

2.5. Computer program

The program is written in Visual Basic for Win-

dows. The ¯ow chart of the calculation algorithm is

shown in Fig. 1. After putting in the calculation

parameters, namely, the furnace temperature Tf, total

number of layers n, water-vapor pressure Pw, foreign-

gas pressure Pa, the parameters derived from funda-

mental constants, A, B, C, D and E and the temperature

of the ®rst layer, which in the initial stage was taken

equal to Tf/2, the temperature of the second layer was

calculated by the iterative procedure, using Eq. (15).

The variable parameter was T2, the ®rst approximation

being T2�T1. The iterations are continued until the

difference between the left, L, and the right, R, parts of

Eq. (15) in absolute value become <10ÿ9. Next, the

temperatures of all subsequent layers, T3 to Tn�1, were

calculated in a similar way, using Eq. (11). The initial

temperature of each subsequent layer Ti�1 was taken

equal to that of the preceding layer, Ti. After terminat-

ing the calculations, the temperature of the (n�1)th

layer was compared with that of the furnace. If the

condition |TfÿTn�1|�0.01 was met, the calculation

was considered completed, otherwise the temperature

of the ®rst layer was either reduced (for Tf<Tn�1) or

increased (for Tf>Tn�1), and the calculations resumed.

The temperature T1 was varied in steps of 10m, with m

reduced by unity on each reversal of the TfÿTn�1

difference in sign. The ®rst approximation was m�2.

If calculations were performed for different water-

vapor pressures (Pstart 6�Pend), the above procedure was

repeated for each new value of Pw, which was varied

from Pstart�10ÿ5 atm to Pend�10ÿ2 atm with an expo-

nent step of 0.02. The results were displayed on the

monitor in the form of graphs and tables with their

subsequent recording on the disk.

3. Results and discussion

The above program and the parameters listed in

Table 2 were used to perform extensive calculations of

the temperature and rate of dehydration of

Li2SO4�H2O as functions of the number of layers of

a powder sample, furnace temperature, and partial

pressures of water vapor and residual air. The main

results of these calculations are presented below in the

form of graphs and tables.

Although the presence of water vapor or air sig-

ni®cantly reduces the self-cooling compared to the

vacuum conditions, it does not provide isothermal

conditions for decomposition. This is clearly seen

from Figs. 2 and 3, which show the layer-by-layer

temperature distribution in powder sample against Pw

Table 2

Parameters used in the calculations

Parameter Symbol Value

Molar mass of Li2SO4�H2O Mr 0.124 kg molÿ1

Molar mass of Li2SO4 Mp 0.106 kg molÿ1

Molar mass of H2O Mw 0.018 kg molÿ1

Molar mass of air (N2) Ma 0.028 kg molÿ1

Enthalpy of reaction (18) �H0
298 193.8 kJ molÿ1

Entropy of reaction (18) �S0
298 350.5 J molÿ1 Kÿ1

Molar heat capacity of air Cva 20.8 J molÿ1 Kÿ1

Molar heat capacity of H2O vapor Cvw 27.4 J molÿ1 Kÿ1

Gas constant R 8.3145 J molÿ1 Kÿ1

Stefan±Boltzmann constant � 5.6705�10ÿ8 W mÿ2 Kÿ4

Emittance " 0.62

Pressure conversion factor  101325 Pa atmÿ1

B.V. L'vov et al. / Thermochimica Acta 315 (1998) 169±179 173



Fig. 1. Flow chart of the calculation program.
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and Pa for n�10 (Fig. 2) and as functions of n and Tf

for Pw�2�10ÿ3 (Fig. 3). The nonuniformity of pow-

der heating grows with n and Tf. In the presence of air,

the temperature nonuniformity turns out to be much

larger than that in water vapor (Fig. 2), since H2O

reduces the rate of decomposition of the hydrate and,

hence, the sample self-cooling.

To illustrate the effect of self-cooling on the rate of

decomposition, Table 3 lists the calculated decrease of

the rate of dehydration of Li2SO4�H2O relative to the

rate under isothermal conditions for different n and Tf.

The value of Pw was chosen as 0.002 atm, which

approximately corresponds to the maximum in the

experimental J�f(Pw) curve for Li2SO4�H2O [9]. We

see, however, that even in this case the reduction in

rate of decomposition is quite noticeable, particularly

for large n and Tf.

Consider now the shape of the J�f(Pw) curves, a

problem of primary importance in our study. In full

agreement with experimental observations, the

increase of Pw from 10ÿ5 to 10ÿ2 atm results, contrary

to the monotonic decrease of rate of dehydration

expected to occur in these conditions [19], in its

growth and the appearance of a maximum in the

J�f(Pw) curves. This is due to an increase of heat

transfer by H2O vapor and a decrease of the self-

cooling effect. The T±S effect becomes more pro-

nounced as Tf and n become larger (see Figs. 4 and 5),

Fig. 2. Calculated temperature distribution for a Li2SO4�4H2O

powder at Tf�370 K and n�10 for the different values of (*) Pw

and (&) Pa.

Fig. 3. Calculated temperature distribution for a Li2SO4�H2O

powder at 350 and 380 K furnace temperatures and

Pw�2�10ÿ3 atm for different number of layers: 10, 100 and 1000.

Table 3

Reduction in rate of decomposition of Li2SO4�H2O as a result of

self-cooling effect at Pw�0.002 atm (calculated in accordance with

Eq. (17))

n Jn/Ju

350 K 360 K 370 K 380 K

1 0.996 0.982 0.911 0.700

10 0.827 0.521 0.245 0.098

100 0.167 0.066 0.026 0.010
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which is likewise in agreement with experiment

[12,13], in particular, with the enhancement of the

T±S effect with decreasing grain size [13]. Never-

theless, a comparison of the calculated J�f(Pw) curves

in Figs. 4 and 5 with experimental relations found for

Li2SO4�H2O [12] reveals substantial differences in

their shapes. First, the initial part of the experimental

curves exhibits a decrease in the rate of dehydration

with increasing Pw and the formation of a minimum.

Second, the falloff of the dehydration rate after the

maximum occurs much faster than it does in the

calculated relations, so that the maximum in the

experimental J�f(Pw) curves turns out to be sharper.

The reason for the ®rst of the two above-mentioned

differences lies most probably in the presence of

residual air in the reaction system, which takes part

in heat transfer and reduces the self-cooling effect. In

this case, addition of H2O vapor for Pw<Pa should

result only in a decrease of the rate of dehydration.

This is supported by the curves in Fig. 6, which were

calculated for the same temperature of 380 K as those

in Fig. 5, but with inclusion of air present at pressures

of 10ÿ4, 3�10ÿ4 and 10ÿ3 atm. At the same time, it

should be pointed out that there is no such initial

decrease in the rate of dehydration for CoCl2�6H2O

[8], Zn(HCO2)2�2H2O [15] and Er(HCO2)2�2H2O

[16], so that the experimental J�f(Pw) curves resem-

ble, in this case, more the calculated curves in Figs. 4

and 5 than those in Fig. 6.

The most probable reason for the second of the

above-mentioned discrepancies lies in that an increase

in Pw acts on heat transport only to a certain extent,

where the mean free path of molecules (�max) at the

maximum of the J�f(Pw) curve becomes equal to the

distance between the powder grain layers. This dis-

tance can be taken as about equal to half the grain

diameter, d/2, whence

�max � d=2 (19)

Fig. 7 displays J�f(Pw) graphs plotted on logarithmic

Fig. 4. Rate of decomposition of a Li2SO4�H2O powder (n�10) as

a function of partial pressure of water at different furnace

temperatures.

Fig. 5. Rates of decomposition of a Li2SO4�H2O single crystal

(n�1) and powders (n�2, 10 and 100) as functions of partial

pressure of water at Tf�380 K.
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and linear scales, which were calculated for Pa�10ÿ3

atm and take into account the increase of heat transfer

by water vapor up to Pw�2�10ÿ3 atm (1.52 Torr).

Above 2�10ÿ3 atm, heat transfer is assumed to be

constant. When this is taken into account, the falloff

after the maximum becomes sharper, and the maxi-

mum, more pronounced. (In real conditions, the bound-

ary corresponding to maximum heat transfer can be

fairly diffuse because of the polydisperse nature of the

powder and the dependence of this critical value of Pw

on temperature. This can be seen from relation (3).)

The foregoing mechanism, responsible for the maxi-

mum, permits one to explain the fairly broad variation

in the values of (Pw)max, which correspond to the

maxima in the J�f(Pw) curves, observed for different

crystalline hydrates and, in some cases, also the differ-

ences between the values of (Pw)max found for the same

crystalline hydrate (see Table 1). To the extreme values

of (Pw)max, which are 0.26 Torr for MnC2O4�2H2O [4]

and 30 Torr for MgSO4�4H2O [12], correspond, accord-

ing to Eq. (3), the values of �max and, hence, of grain

radius d/2, respectively, equal to 240 and 2.3 mm. In

many cases, the values of �max, calculated using

Eq. (3), agree fairly satisfactorily (within a factor of

two) with the average grain radii quoted in the corre-

sponding publications {for MnC2O4�2H2O see Ref. [3],

for CoCl2�6H2O see Ref. [8], for CaC2O4�H2O see Ref.

[10], for LiSO4�H2O see Ref. [12], for CuSO4�3H2O see

Ref. [12], for CuSO4�5H2O see Ref. [13], for

MgC2O4�2H2O see Ref. [14], for Zn(HCO2)2�2H2O

see Ref. [15], for Er(HCO2)2�2H2O see Ref. [16] and

for BaCl2�2H2O see Ref. [17]}. At the same time, the

calculations were found to disagree strongly with

experiment in some cases. For ZnSO4�6H2O [5],

CuSO4�5H2O [6], MnSO4�4H2O [7], ZnSO4�7H2O

[7], FeSO4�7H2O [7], Ni(NO3)2�7H2O [7],

MgSO4�7H2O [7,8], MgSO4�4H2O [12] and

NaB4O5(OH)4�8H2O [12], the calculated values of �max

were found to lie below the grain radius by an order of

magnitude. This is possibly due to the fact that the sizes

quoted in the papers related to the starting, nondecom-

posed powder grains. As a result of formation of smaller

particles in the course of decomposition (a few tenths of

a mm in size [21]), the distance between grains in the

reactant-product mixture decreases.

4. Conclusions

Calculations of the self-cooling effect have shown

that, even in the presence of foreign gases, self-cooling

can bring about a substantial reduction in the rate of

decomposition compared to its value expected for

isothermal conditions. For powders, this effect should

be more pronounced than for single crystals. These

conclusions should be taken into account in choosing

experimental conditions of kinetic measurements and

interpreting the results obtained.

Simulation of the dependence of the rate of dehydra-

tion J on water-vapor pressure has shown that the

anomalous behavior of the J�f(Pw) relation with

increasing Pw, which consists in the appearance of a

maximum in the curve, is actually the result of compe-

tition between the depressing in¯uence of water vapor

on dehydration, on the one hand, and the increasing

heat transfer from the furnace to the sample by water

vapor, on the other, in the presence of intense self-

cooling. The value of Pw, corresponding to the maxi-

Fig. 6. Rate of decomposition of Li2SO4�H2O powder (n�10) as a

function of partial pressure of water at Tf�380 K for different partial

pressures of air.
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mum in J in the curve, is determined by the powder

grain size. The initial fall in the J�f(Pw) curve observed

at small Pw is most probably due to the presence of

residual air in the reaction system, which reduces the

contribution of water vapor to heat transfer for Pw<Pa.

The calculations offer an explanation for other experi-

mentally observed features of the T±S effect as well, in

particular, for the enhancement of the effect with

increasing decomposition temperature and decreasing

powder grain size.

Among the problems, that still await solution, is how

the T±S effect in¯uences the coef®cient � [19]. To ®nd

an answer, one should ®rst explain the mechanism of

the partial transfer of the energy released in condensa-

tion of a non-volatile product. Simulation of the T±S

effect for crystalline hydrates containing several water

molecules would undoubtedly be of considerable inter-

est. Among experimental studies, essential for further

development of the theory, is the investigation of the

dependence of the maximum in the J�f(Pw) relation on

experimental conditions, as well as observation of this

effect in other compounds, for instance hydroxides.
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