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Supplementary Information 

 

Fig. S1. SEM images of Fe3O4/C particles prepared from 1 g of Fe3O4, 10 g of F127, 6 g of water, x 

g of FA and 1.4 g of hydrochloric acid, and y mL of ethanol: (a) x = 6, y = 25, (b) x= 6, y = 35, and 

(c) x = 7, y = 30. The length of scale bar on all images is 1 m. The SEM images reveal that these 

samples contain many small particles. 

The density is 1.56 g cm
-3

 for sample (a), 1.62 g cm
-3

 for sample (b), and 1.65 g cm
-3

 for sample (c). 

The densities of these samples are slightly greater than the density of the sample shown in Fig.1. On 
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the basis of the morphologies and densities, the sample shown in Fig.1 was chosen for solar 

evaporation tests. 

 

Fig. S2. Photos showing that Fe3O4/C particles are fully dispersed in water after addition of a small 

amount of polyvinylpyrrolidone as a dispersant (left), and the majority of Fe3O4/C particles still 

float on water after stirring overnight, and boiling and ultrasonication for hours (right).  
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Fig. S3. (a) TEM image of a representative Fe3O4/C particle, and (b-f) High-resolution TEM images 

of this particle in different areas: (b) point 1, (c) point 2, (d) point 3, (e) point 4, and (f) carbon edge. 

These images indicate that particles in points 1-4 are crystalline Fe3O4, and the carbon is 

amorphous.   
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Mathematical Modeling 

Governing Equation 

The salt water evaporation process using the floating porous material (packed Fe3O4/C particles) on 

the surface was modeled using the transient energy conservation over the solid and liquid phases. 

The geometry of the physical system consists of the porous materials and salt water shown in Fig. 

S4. 

 

 

 

 

 

 

 

  

Fig. S4. Geometry of the analysed physical system 

 

The solid phase was treated as the lumped geometry due to its very low Biot number (𝐵𝑖 ≤ 0.0083) 

and it was also assumed that the heat conduction mechanism could prevail the heat transfer inside 

the salt water phase. It was assumed that the air condition (temperature, pressure, and relative 

humidity), the solar irradiance, and the liquid-phase level are constant during the evaporation 

process. 

The governing equation for the solid material in the transient period depends on the values of the 

solid-phase and ambient temperatures (𝑇𝑠 and 𝑇𝑎)  and can be written as: 

𝐸𝑖𝑟 + 𝑎 1 − 𝜙  𝑇𝑎 −  𝑇𝑠 − 𝑁𝑤 . ∆𝐻𝑓𝑔 . 𝜙 − 𝑤 1 − 𝜙  𝑇𝑠 −  𝑇𝑠𝑤  − 𝜌𝑚 . 𝐶𝑝𝑚
. 𝑙𝑠 .

𝑑𝑇𝑠

𝑑𝜃
= 0          (if: 𝑇𝑠 ≤  𝑇𝑎)                    (1) 

𝐸𝑖𝑟 − 𝛿 𝜖. 𝑇𝑠
4 − 𝑇𝑎

4 − 𝑎 1 − 𝜙  𝑇𝑎 −  𝑇𝑠 − 𝑁𝑤 . ∆𝐻𝑓𝑔 . 𝜙 − 𝑠𝑤 1 − 𝜙  𝑇𝑠 −  𝑇 𝑠𝑤  − 𝜌𝑚 . 𝐶𝑝𝑚
. 𝑙𝑠 .

𝑑𝑇𝑠

𝑑𝜃
= 0 (if: 𝑇𝑠 >  𝑇𝑎)       (2) 
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The first four terms in equation (1) represent the absorbed solar irradiance energy, the energy 

obtained by convection, the energy loss by evaporation, and the energy transferred into the liquid-

phase. Equation (2) is valid at the solid temperature higher than the ambient temperature ( 𝑇𝑎) and 

compared to equation (1), it has an additional term for the radiation heat loss from surface of the 

solid phase. The last term in both equations stands for the transient temperature differential change 

in the porous solid phase. The initial condition for equations (1) and (2) can be expressed as: 

@ 𝜃 = 0: 𝑇𝑠 = 𝑇𝑠𝑤
𝑠𝑎𝑡                                                                                                                                    (3) 

This means the evaporation process starts at the uniform saturation temperature of salt water for 

both phases. 

The governing equation for the salt water phase in the transient period and the domain of 0 ≤ 𝑧 ≤ 𝑙𝑠𝑤  

was derived as: 

𝛼𝑠𝑤 .
𝜕2𝑇𝑠𝑤

𝜕𝑧2
−

𝜕𝑇𝑠𝑤

𝜕𝜃
= 0                                                                                                                                 (4) 

The first and second term in equation (4) represent the one dimensional conductive heat transfer 

term and the transient temperature differential change inside the liquid phase respectively. The 

initial and boundary conditions for equation (4) can be expressed as: 

@ 𝜃 = 0: 𝑇𝑠𝑤 = 𝑇𝑠𝑤
𝑠𝑎𝑡                                                                                                                                   (5) 

@ 𝑧 = 0, 𝑎𝑛𝑦 𝜃 > 0: −𝐾𝑠𝑤
𝜕𝑇𝑠𝑤

𝜕𝑧
= 𝑠𝑤 1 − 𝜙 (𝑇𝑠 −  𝑇𝑠𝑤 )                       (6) 

@ 𝑧 = 𝑙𝑠𝑤 , 𝑎𝑛𝑦 𝜃 > 0: 
𝜕𝑇𝑠𝑤

𝜕𝑧
= 0                                                                                                                    (7) 

Equations (5) to (6) represent the salt water saturation temperature for the liquid phase at the 

starting point of the evaporation process, the convective heat transfer mechanism in the solid-liquid 

interphase, and insulation condition at the bottom of the sea-water container respectively. 

Evaporation rate, interphase transport coefficients, and physical properties: 

The Newton’s law of mass transfer was used to calculate the evaporation flux from the surface of 

salt water into the porous-solid phase. The evaporation flux was expressed as: 
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𝑁𝑤 = 𝐾𝑌(𝑌𝑠𝑎𝑡 − 𝑌𝑎)                                                                                                                                 (8) 

In equation (8), the mass transfer coefficient (𝐾𝑌) in the porous-solid phase was obtained using 

Adrie et al.
1
, and Smolsky and Sergeyev

2
 dimensionless correlations for the capillary evaporation 

process at laminar and the turbulent regimes respectively. 

The interphase heat transfer coefficient for the motionless salt water (𝑤) and air (𝑎) were obtained 

using the Nusselt’s number correlation defined by Kimura et al.
3
, and Pop and Cheng

4
 respectively. 

Sharqawy et al
5
 polynomials were used to determine the physical properties of sea-water including 

the density, the specific-heat capacity, the thermal conductivity, the dynamic and kinematics 

viscosity, the saturation partial pressure, and the latent-heat of vaporization. The physical properties 

of the porous-solid material were calculated for the mixture using the porosity and the properties of 

the pure phases.
6
 

Method of solution 

Depending on the ambient and the solid phase temperature one of linear equation system 

comprising equations 1 and 4, or 2 and 4 should be solved simultaneously. Both ODEs and the PDE 

equations were solved numerically using finite difference method. For the non-homogeneous linear 

ODEs (equation 1 and 2), the Runge-Kutta method was used to obtain the solution. Repeated 

computations were performed until all calculated variables satisfied the convergence criteria. 

Symbols: 

𝛼𝑠𝑤 : sea-water heat diffusivity (dimensionless). 

𝐶𝑝𝑚
: specific heat capacity of the porous-solid material (J/Kg ºC). 

𝐸𝑖𝑟 : total solar irradiance received by solid materials (W/m2). 

𝑎: interphone heat transfer coefficient in air (W/m
2
 ºC). 

𝑠𝑤 : interphone heat transfer coefficient in sea-water (W/m
2
 ºC). 

𝐾𝑌: overall mass transfer coefficient in the gas phase (Kg dry air/m
2
.s). 

𝐾𝑠𝑤 : thermal conductivity of sea-water temperature (W/m ºC). 

𝑙𝑠, 𝑙𝑠𝑤 : thickness and depth of the porous-solid and sea water, respectively (m). 
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𝑁𝑤 : evaporation flux of sea-water (Kg/m
2
.s). 

𝑃𝑒: Peclet’s Number (dimensionless). 

𝑇𝑎: ambient (air) temperature (ºC). 

𝑇𝑠: porous-solid material temperature (ºC). 

𝑇𝑠𝑤 : sea-water temperature (ºC). 

𝑇𝑠𝑤
𝑠𝑎𝑡 : saturation temperature of sea-water (ºC). 

𝑌𝑎: absolute humidity of ambient air (Kg water/Kg dry air). 

𝑌𝑠𝑎𝑡 : saturated absolute humidity at the gas-liquid interface (Kg water/Kg dry air). 

𝑧: independent variable on z axis (m). 

Greek symbols: 

𝛿: Stefan-Boltzmann constant (5.67*10
-8

 W/m
2
.K

4
). 

∆𝐻𝑓𝑔 : latent heat of sea-water vaporization (J/Kg). 

𝜖: radiation emissivity of the porous-solid material (dimensionless). 

𝜃: time (S). 

𝜌𝑚 : density of the porous-solid material (Kg/m
3
). 

𝜙: open volumetric porosity of the porous-solid material (dimensionless). 
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Fig. S5. The surface and bottom temperatures of 5 g of salt water added with 0.045 g of Fe3O4/C 

particles change with time under the sunlight radiation. 
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