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Table 1.Estimated parameters of the different models fitted to the sorption data for Azix and Hypril  

 

3.3. Isosteric heat of sorption and sorption entropy 

The results in Fig. 2 illustrate a progressive decrease in the net isosteric heat of sorption (net 
enthalpy) with increasing moisture content for both formulations. The values of net isosteric 
heat of sorption are high for equilibrium moisture content < 0.10 kg/kg and then decreased 
rapidly until equilibrium moisture contents reach respective values of 0.15 and     2 kg/kg d.b 
for Azix and Hypril, and then they decreased smoothly with increasing moisture content. 
Azix showed higher values of net isosteric heat than Hypril. This suggests that the energy to 
be supplied to dehydrate Azix would be higher than the energy needed to dehydrate Hypril. 
The differential entropy as a function of moisture content, illustrated by Fig. 3, shows the 
same tendency as the net isosteric heat. The sorption entropy of Azix exhibited higher 
magnitude than that of Hypril. 

  

Models Constants Azix Hypril 
50 60 70 50 60 70 

 
GAB (Berg and Bruin 1981) 
𝑤𝑤 = 𝐴𝐴 + 𝐵𝐵𝑎𝑎𝑤𝑤 + 𝐶𝐶𝑎𝑎𝑤𝑤

2 + 𝐷𝐷𝐷𝐷𝑤𝑤
3  

C 136.10 5778.0 122.40 9.5030 2.0670 1.0010 
K 0.5872 0.5540 0.3592 0.9173 0.8944 0.7963 
wm 0.0201 0.0153 0.0258 0.0413 0.0504 0.1133 
SSE 4.25e-5 3.12e-5 1.87e-5 2.88e-3 0.0106 0.0044 
R2 0.9615 0.9282 0.9541 0.9868 0.9481 0.9773 
RMSE 2.30e-3 1.97e-3 1.53e-3 0.0189 0.0364 0.0236 

 
Peleg (Peleg, 1993) 

𝑤𝑤 = 𝐴𝐴(𝑎𝑎𝑤𝑤)𝐵𝐵 + 𝐶𝐶(𝑎𝑎𝑤𝑤)𝐷𝐷 

A -2.0400 -246.6 -11.09 0.08489 3.4720 0.4728 
B 0.8992 1.1900 0.8758 0.4787 3.6130 3.0790 
C 2.0840 246.60 11.130 0.4059 -3.0510 -0.0481 
D 0.8883 1.1900 0.8727 8.5820 3.5340 3.1430 
SSE 2.39e-4 3.00e-3 1.39e-4 7.42e-4 0.0183 8.80e-3 
R2 0.7837 -5.903 0.6594 0.9966 0.9102 0.9554 
RMSE 5.84e-3 0.0207 4.46e-3 0.0103 0.0512 0.0354 

 
 
 
Adam 
and Shove 
(Chirife and Iglesias 1978) 
𝑤𝑤 = 𝐴𝐴 + 𝐵𝐵𝑎𝑎𝑤𝑤 + 𝐶𝐶𝑎𝑎𝑤𝑤

2 + 𝐷𝐷𝐷𝐷𝑤𝑤
3  

A 0.0151 0.0181 0.0177 -0.0367 -0.0316 -0.0023 
B 0.03983 0.0114 0.0432 0.8998 0.7664 0.4558 
C -0.04789 0.0369 -0.0484 -2.5500 -2.1730 -1.2620 
D 0.04141 0.0093 0.0273 2.1510 1.8690 1.2490 
SSE 4.234e-5 2.63e-5 1.75e-5 0.0045 0.0110 1.46e-3 
R2 0.9617 0.9395 0.9571 0.9792 0.9460 0.9926 
RMSE 2.45e-3 1.94e-3 1.58e-3 0.0254 0.0397 0.0144 

 
Modified Henderson 
 (Thompson et al. 1968) 

𝑤𝑤 = �−
ln (1 − 𝑎𝑎𝑤𝑤)
𝐴𝐴(𝑇𝑇 + 𝐵𝐵)

�
1

𝐶𝐶�

 

A 465.20 3141.0 3621.0 0.0298 0.0239 0.0312 
B 231.80 2820.0 3289.0 -90.94 -80.630 -120.5 
C 3.6430 4.3260 4.7900 0.7836 0.6787 0.8895 
SSE 5.08e-5 5.22e-5 2.95e-5 4.26e-3 7.94e-3 3.32e-3 
R2 0.9315 0.7856 0.9076 0.9461 0.9216 0.9692 
RMSE 2.69e-3 0.0027 0.0020 0.02469 0.03368 0.0218 

 
Oswin  (Oswin 1946) 

𝑤𝑤 = �−
ln (1 − 𝑎𝑎𝑤𝑤)
𝐴𝐴(𝑇𝑇 + 𝐵𝐵)

�
1

𝐶𝐶�

 

A 0.0282 0.0216 0.0296 0.0611 0.0521 0.0813 
B 5.6320 8.0180 8.9340 1.6370 1.5120 1.8020 
SSE 4.083e-5 4.12e-5 3.17e-5 1.05e-3 3.77e-3 2.38e-3 
R2 0.9450 0.8307 0.9006 0.9867 0.9628 0.9780 
RMSE 2.26e-3 0.0022 1.99e-3 1.14e-2 0.0217 0.0172 
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3.4. Integral enthalpy and entropy  

The variations in net integral enthalpy with the moisture content for Azix and Hypril are 
shown in Fig. 3.  On the whole range of equilibrium moisture content, the integral enthalpy 
of both products decreases as a function of equilibrium moisture content  until  reaching 
minimum values then  they remains constant. 

 

Fig. 3a  Net integral enthalpy of Azix formulation 

 

Fig. 3b Net integral enthalpy of Hypril  

Formulation 

Variations of the net integral entropy (Fig.4) of Azix and Hypril showed different trends. 
Values decreased with equilibruim moisture content for Hypril and increased for Azix. The 
better conditions to assure stability to the powders during storage [7] are those corresponding 
to lower entropy values. 
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Fig. 2a  Net isosteric heat of Azix and Hypril 
formulations 

Fig. 2b  Sorption entropy of Azix 
and Hypril formulations 
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Fig. 4a  Net integral entropy of Azix formulation Fig. 4b  Net integral entropy of Hypril 
formulation 

4. Conclusions  

This study affords an understanding of the sorption isotherms and the thermodynamic 
properties of two powders with different compositions. The obtained results suggest that the 
two products could be dehydrated at lower temperature (50°C) since the isotherms of sorption 
are independent of temperature. Azix preparation seems to be less hygroscopic and more 
stable than Hypril preparation which requires less energy to be dehydrated.  
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