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Water vapor adsorption-desorption test

The test apparatus was shown in Fig. S1. It was set up according to Japanese 

Industrial Standards (JIS A1470-1, 2008). The RH of 33%, 75% and 92% were 

controlled using MgCl2, NaCl and KNO3 saturated solution, respectively. The 

samples were covered with aluminium foil except their top surface, so that moisture 
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could only exit through the top surface. During the test process, the sample connected 

with a balance (AR124CN, OHAUS) and was placed in a test bottle, which was then 

placed in a constant temperature humidity chamber. A hygrothermograph 

(TH12R-EX, Miao xin Co., Ltd, China) was used to monitor the RH in the bottle. 

When the test starts, the variation of sample weight is recorded every 10 minutes. The 

moisture adsorption/desorption processes were executed for 24 h, respectively.

Figure S1. The test apparatus for measuring the water vapor adsorption-desorption content.

Figure S2. SEM images of Bio-HCM with 4.8 wt% CaCl2 (a) and elemental mapping for (b) Cl 

element and (c) Ca element.

Discussion on Kelvin’s capillary condensation and Arai’s correction equation1,2
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where R is the gas constant (=8.314 J·mol-1·K-1), T is the room temperature (=298 K), 

θ is the contact angle (assumed as zero), t is the liquid layer thickness that has already 

been adsorbed before capillary condensation, γ is the surface tension (72.8×10-3 N·m-1 

for purified water), and Vm is the molar volume of liquid adsorption (18.07×10-6 

m3·mol-1 for purified water). The surface tension (γ) of CaCl2 solutions were 

measured by drop-weight method. The saturated vapor pressure of CaCl2 solutions 

were shown in Fig. S3. The relations between pore diameter and relative water vapor 

pressure that generate capillary condensation can be calculated by equations (1) and 

(2) at room temperature.

Figure S3. (a) Relative humidity accompany with CaCl2 concentration and, (b) the schematic of 

measured apparatus.3 The results were p/p0 in equations (1) and (2).

Figure S4. Water vapor adsorption/desorption capabilities of Bio-HCM with 4.8 wt% CaCl2 at 
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different temperature.

Table S1. Compositions of raw sepiolite and AAS (wt%).
Composition SiO2 MgO CaO CaCO3 Na2O Al2O3 CaCl2 Ignition loss
Raw sepiolite 20.8 14.5 6.9 55.1 0.04 0.28 0 2.38

AAS 58.7 23.6 11.3 0.7 2.2 1.3 0.21 1.99

Table S2. Physical property of the Bio-HCM.
CaCl2 (wt%) 0 1.9 4.8 9.6 11.0
Specific surface 
area (m2·g-1)

37.6 27.3 19.3 8.2 6.5

Pore volume (cm3·g-1) 0.15 0.08 0.06 0.03 0.03

Average pore diameter (nm) 7.3 12 13.4 14 16.4

Table S3. Compositions of low-melting point waste glass (wt%).
Composition SiO2 ZnO Na2O TiO2 K2O Al2O3 BaO Ignition loss
Waste glass 54.8 24 8.4 3.6 2.4 3.4 2.1 1.3
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