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SUMMARY 

An equation is derived which describes the non-isothermal mass-loss kinetics 
of a deaquation reaction which occurs near the boihng Point of water_ The equation is 
tested using published experimental mass-loss data for the deaquation of BaCI, - 2Hz0 
and BaBr, - 2H,O. 

IXXRODUCTION 

The thermal deaquation reactions of BaC12 - 2H20 and BaBr, - 2H20 have been 
investigated by a number of workers ‘-” For both sahs, the first water molecule is _ 

evolved near the boiiing point of water. It has been established that the mono-hydrate 
salts coexist with liquid water (saturated salt solution) over a narrow temperature 
range following the reIease of the first water of hydration2.“. It may therefore be 
expected that the mass-loss kinetics for the evolution of the water is controlled by the 
vaporization of the liquid water at its boiling point. The water is probably present 
in the sample as a thin fiIm covering the sohd salt particles. In this investigation, non- 
isothermal kinetic equations for the vaporization of thin layers of water at the boiling 
Point of water were derived and tested experimentally by studying the deaquation 
reactions of BaCI, - 2Hz0 and BaBr, - 2Hz0. 

THEORiXICAL CONSIDERATIOXS 

Liquid water, which is released in a non-isothermal deaquation reaction near 
its boiling point, will vaporize and maintain a constant temperature. Consider a thin 
layer of water coating the solid particles at the boiling point of the soIution in a 
furnace whose temperature is increasing in a linear manner. The heat change of the 
water in time, dt, due to heat transfer from the timace should be proportional to the 
heat difference between the water and the furnace, d T, and to the surface area of the 
water. For water distributed as a thin film, the surface area of the water is approxi- 
mately proportional to the number of moles, q, of water present. The heat content 
change due to the vaporization of the water in time, dt, is AHdq, where AH is the 

*Presented before the Third Annual Meeting of the North American Thermal Analysis Society in 
Waco, Texas, on February 7-8, 1972. 
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enthalpy of vaporization of water and dq is the number of moles of water evoived in 

time, dt. Hence, the total heat content change of the sohxtion, dq, in time, dt, is 

dq = rdT,drtdHdq (I) 

where 7 is a constant of proportionality. At any time during the vaporization of the 

water the total heat content of the soIution is given by 

q = C,T,ti (2) 

where C, is the heat capacity of the soIution at constant pressure and TB is the 
boiIing point of the saturated aqueous solution. Differentiation of Eqn. (2) gives 

dq = C,T,dq (3) 

Equating Eqns. (1) and (3) gives 

C,T,dq = yATidt+AHdq (4) 

The temperature difference, d T, is given by 

dT= T,-T, (5) 

where T, is the linearly increasing furnace temperature which increases according to 

d& -B Tf- (6) 

where j? is the heating rate. 

Rearranging, and defining zero time as the time at which Tf = TB, Eqn. (7) may 

be inte_grated to give 

j-;;dT, = pJ;dt (7) 

Tr = ptfTB 

Therefore, 

AT= Bt 

(8) 

3Zqn_ (4) may therefore be written as 

(C&-4H)dq = j$tqdt 

or, on r earran,tig and integrating making use of the condition that q = q0 where 

f = 0, the folIowing equation is obtained 

InJ- = In= = 
yj3t’ 

tl0 (C,T,-AH) 
(W 

where= = II.. 
‘lo 
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A pIot of III z VS. t2 shouid therefore be a straight line with a slope of 
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Fig. I. PIot of In r CS_ r2 for the deaquation of B&IL -2H=O. The furnace atmosphere was watcr- 
saturated nitrogen and the heating rate u-as 5’C/min. (Ref. IO). 

Fig- 2. Plot of hr z LX I’ for the deaquation reac:ion of BaBr2 - 2H10. The furnace atmosphere was 
water-saturated nitrogen and the heating rate was 5 ‘C;min. 

RESULTS 

Eqn. (10) was tested by the use of previousIy published TG data for BaCI, - 2H20 
and BaBr, - 2H,O in a water-vapor saturated nitrogen atmosphere and a heating rate 
of 5”C/min. A plot of In r XL t’ for the deaquation reaction of one water moIecuIe 
for BaCI, -2H,O is ilIustrated in Fig_ I, while that for BaBr, -2H,O is iIIustrated in 
Fig. 2_ As can be seen, in both cases the plots were linear untii near completion of the 
evolution of the water, at which time marked deviation from linearity occurred. This 

deviation probably occurs because, near the end of the reaction, there is onIy a small 
amount of water remaining in the sample and the temperature of the furnace is 
several degrees above the boiling point of the solution. Hence, the water probabIy 
vaporizes more rapidly than it can diffuse from the sample and the mass-loss rate is no 
longer controlled by the rate of vaporization of water. 

The vaIues of the slopes of the curves in Figs_ 1 and 2 may be used to calculate 
the values of the proportionaIity constant, 7. which is the only unknown parameter 
in Eqn. (10). 
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