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ε(H2O) = f(T) at Pconst Divariant equilibria between 

water vapor and water molecules of solid 

MgSO4·6H2O        MgSO4·εH2O + (6- ε)H2O 
Isobaric of 1, 2, 5, et 10 mbar Equilibrium diagram P(T) 
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Okrimenko Larysa(1), Favergeon Loïc(1), Kuznik Frédéric(2), Johannes Kevyn(2), )  Pijolat Michèle(1)  

(1) École des Mines, SPIN-EMSE, CNRS:UMR5307 LGF, F-42023 Saint Etienne 
(2) L’Institut National des Sciences Appliquées de Lyon, CETHIL, (UMR 5008), F-69621, Villeurbanne 

Context 

Energy consumption for 

households in France [1] 

k
W

h
/m

o
n

th
 

Solar irradiation 

during seasons 
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Solution 

zeolite@ MgSO4 composite [2,3]: 

- Heat of hydration 

- Energy density 

- Sufficient power to a low energy 

building 

- Kinetic study of dehydration/hydration of MgSO4 

- Determination of reaction mechanisms 

- Analysis of coupled phenomena: kinetics (adsorption + 

chemical reaction) + mass and heat transfer in the 

zeolite@MgSO4 composite 

Objectifs 

Diffusion zone 

Reaction at surface 

Surface resistance 

Conclusions 

 MgSO4 hydrate is non-stoichiometric of water 

 Rate controlled by diffusional resistance through a thin film at the 

surface, diffusion coefficient is PH2O and T dependent 

 Activation energy EA=102.3 kJ.mol-1 

 Characterization of porous matrix and composites 

 Kinetic modeling zeolite@MgSO4 composite 
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Kinetics of dehydration 

Δ H⁰  = 67.3 kJ.mol-1 

Δ S⁰  = 107.3 J.mol-1.K-1 

𝜶𝜺 =
𝒎𝒕

𝒎∞
= 𝟏 − 𝒆𝒙𝒑 −

𝟑𝒌𝒕

𝒓𝟎

 

𝒌 =
𝑫

𝜹
 is mass transfer coefficient 

 𝑫 = 𝑫𝟎

𝝏 𝒍𝒏𝑷𝑯𝟐𝑶

𝝏 𝒍𝒏 𝑪
 is diffusion 

coefficient 

   𝜹 is thickness of film surface 

   r0 is spherical radius 

Surface resistance model 
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Experimental kinetic curves 

of dehydration MgSO4·6H2O  

Pressure and temperature dependence 

of mass transfer coefficient 

EA=102.3 kJ.mol-1 

k0=8,9.106 m.s-1 

Arrhenius law: 

Outlooks 
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t (s) 

2 mbar 40°C 3.5 mg

2 mbar 50°C 2.6 mg

2 mbar 60°C 3.2 mg

Influence of temperature 
Influence of water 

vapor pressure 

lnK = - 
∆𝐻⁰

𝑅𝑇
+ 

∆𝑆⁰

𝑅
 

van’t Hoff law: 

Shift between the supply and  

the demand of the solar energy  

ln 𝑘 = 𝑙𝑛 𝑘0 −
𝐸𝐴

𝑅𝑇
 

ε =n+
𝑝

γ1
γ2

𝑃𝑞

𝐾+
γ1
γ2

𝑃𝑞
 

Localized water 

molecules isotherm: 
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