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1

2 Fig. S1 Photographs illustrating the influence of HDMS-treated SiO2 coating on the floating 

3 property of the evaporators. (a) sunken evaporator without HDMS-treated SiO2 coating. (b) 

4 floating evaporator with all the surface coated with HDMS-treated SiO2. Inset image showing 

5 the nonwetted bottom of the evaporator. (c) half-immersed Janus evaporator with fully wetted 

6 water supplying layer and hydrophobic solar absorption layer.
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2 Fig. S2 (a) Side view and (b) top view photographs of the Janus evaporator with different 

3 thicknesses.
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2 Fig. S3 IR images illustrating the influence of evaporator thickness on the heat 

3 localization performance with a solar irradiance of 1-sun.
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2 Fig. S4 Morphology characterization of the evaporator with random pore structure 

3 prepared by the conventional freezing method: (a) top view and (b) side view SEM 

4 images showing the high tortuosity pore structure of the evaporator; (c) magnified 

5 image showing the hybrid CNF/CNT network on the wall.
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2 Fig. S5 SEM images showing the different pore structures of (a) the Janus evaporator and (b) 

3 the CNT-GF evaporator. (c) time-dependent evaporation rate of the Janus evaporator with low 

4 tortuosity pore structure and the CNT-GF evaporator with high tortuosity pore structure.
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2 Fig. S6 (a) Reflectance spectrum of the CNF/CNT evaporator before and after testing in 3.5 

3 wt% NaCl solution with a solar irradiance of 1-sun for 6 hours. In set plot is the magnified 

4 image of the reflectance spectrum of the evaporator before solar desalination. The deposited 

5 salt at the surface of the evaporator significantly increased the light reflection ratio, leading to 

6 a deteriorated solar absorption; (b–c) photographs showing the salt deposition issues before 

7 and after the solar desalination test.
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2 Fig. S7 (a-b) Photographs of the CNT-GF evaporator before and after testing in 3.5 wt% NaCl 

3 solution with a solar irradiance of 1-sun for 6 hours. (c-d) Top-view and (e) side-view SEM 

4 images illustrating the salt clogging issues of the CNT-GF evaporator after solar desalination 

5 test.
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1 Note S1. Irradiation heat calculation of the evaporator with a surface of 43 oC.

2 The irradiation loss of the evaporator is calculated according to the Stefan-Boltzmann equation, 

3 as expressing,

4 Φ = 𝜀𝐴𝜎(𝑇4
𝑒 ‒ 𝑇4

𝑖)

5
𝑅𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 𝑙𝑜𝑠𝑠 =

Φ
𝐴𝐶𝑜𝑝𝑡𝑞𝑖

=
𝜀𝜎(𝑇4

𝑒 ‒ 𝑇4
𝑖)

𝐶𝑜𝑝𝑡𝑞𝑖

6 where  represents the heat flux,  represents the emissivity which is set to be 1 here,  Φ 𝜀 𝐴

7 represents the exposed area,  represents the Stefan-Boltzmann constant which is 5.67×10-8 J 𝜎

8 m-2 s-1 K-4,  and  are the stable surface temperature of the evaporator before (20 oC) and 𝑇𝑖 𝑇𝑒

9 after (43 oC) solar irradiation, respectively,  represent the optical concentration of the solar 𝐶𝑜𝑝𝑡

10 which is 1 here,  represent the nominal solar illumination (1 kW m-2). Therefore, the thermal 𝑞𝑖

11 irradiation loss of the Janus evaporator with a surface of 43 oC (1 sun) is calculated to be 

12 10.25%.



1 Note S2. Salt Excretion Rate of The Evaporator During Solar Desalination

2 Although the salt in the evaporator can be excreted via two mechanisms, diffusion and 

3 advection, we assumed that the salt excretion in our evaporator was mainly occurring by the 

4 diffusion mechanism due to the steady state of the bulk solution during solar desalination. 

5 According to Fick’s first law of diffusion, 

6
𝐹 =‒ 𝐷

𝑑𝜑
𝑑𝑥

7 where F represents the diffusion flux of salt and D represents the diffusion coefficient of NaCl 

8 in water which is 1.99 10-9 m2 s-1,  is the concentration gradient.×
𝑑𝜑
𝑑𝑥

9 As for the Janus evaporator, as shown in Fig. S8, the salt excretion rate  in the 𝐹𝑒𝑥𝑐.

10 evaporator can be expressed as follows:

11
𝐹𝑒𝑥𝑐. = 𝐷

𝜑𝑖 ‒ 𝜑𝑏

𝜏𝐿

12 where  and  represent the salt concentration at the evaporation interfaces (where we 𝜑𝑖 𝜑𝑏

13 assume saturation) and the bulk solution (Table S2), respectively;  represents the length that 𝜏𝐿

14 the salt needs to move from the evaporation interfaces to the bulk solution,  represents the 𝜏

15 tortuosity of the evaporator and  represents the projected salt transfer length along the 𝐿

16 thickness direction of the evaporator.

17 The salt generation rate  at the evaporation interface is calculated as follows:𝐹𝑔𝑒𝑛.

18
𝐹𝑔𝑒𝑛. = 𝐸 ×

𝜑𝑏

1 ‒ 𝜑𝑏

19 where  represents the steam generation rate at the evaporation interfaces, which we set to be 𝐸

20 1.24 kg m-2 s-1 for 1-sun.

21 Therefore, based on mass balance at the solar evaporation interfaces, in order to prevent 



1 salt deposition, requiring , which represents a maximum salt concentration of 11.6 𝐹𝑔𝑒𝑛. ≤ 𝐹𝑒𝑥𝑐.

2 wt% for the 9 mm Janus evaporator (Fig. S9).

3

4

5 Fig. S8 Schematic showing the structural characteristics of the Janus evaporator during solar 

6 desalination.



1

2 Fig. S9 Concentration dependent salt generation rate and excretion rate in the Janus evaporator 

3 under 1-sun irradiance. The salt concentration at the intersection point represents the maximum 

4 operation concentration (11.6 wt%) for the Janus evaporator without salt deposition based on 

5 the diffusion calculation.



1

2 Fig. S10 Photographs illustrating (a) the bleached softwood pulp used for CNF preparation, (b) 

3 the 2.0 wt% TEMPO-treated cellulose suspension and (c) the resultant 1.0 wt% CNF solution 

4 after homogenization.
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1 Table S1 Steam generation performance of our Janus evaporator compared to other recently 

2 reported steam generation devices.

Evaporator
Evaporation 

rate (kg m-2 h-

1)

Water 
salinity

Continuous 
operation 

time
Reference

Carbonized Bilayer Wood 1.08 0 wt% 1 h [1]
Plasmonic treated Wood ~0.95 3.6 wt% 8 h [2]
Wood based biomimetic 

system
1.27~1.38 3.5 wt% 10 h [3]

Janus membrane 1~1.15 20 wt% 1 h [4]
Graphite film 1.01 ~23 wt% 20 h [5]

Graphene/Carbon nanotube 
based evaporator

1.62 0 wt% 1 h [6]

Graphene foam 1.4 2.75 wt% 1.5 h [7]
3D solar evaporator 2.04 0 wt% ~12 h [8]

Carbon sponge 1.39 0 wt% 3 h [9]
TiOx-coated stainless steel 0.80 0 wt% 8.5 h [10]

Wood/CNT 1.23 3.5 wt% ~ 
12 wt% 100 h Ours
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1 Table S2 Properties of the NaCl solution at room temperature which was used for the salt 

2 excretion rate calculation.

Weight concentration
(wt%)

Volumetric concentration
(g l-1)

Density
(g cm-3)

1 10.1 1.005
2 20.3 1.013
3 30.6 1.020
4 41.1 1.027
5 51.7 1.034
6 62.5 1.041
7 73.4 1.049
8 84.5 1.056
9 95.6 1.063

10 107.1 1.071
11 118 1.078
12 130 1.086
13 142 1.093
14 154 1.101
15 166 1.109
16 179 1.116
17 191 1.124
18 204 1.132
19 217 1.140
20 230 1.148
21 243 1.156
22 256 1.164
23 270 1.172
24 283 1.180
25 297 1.189
26 311 1.197

26.4 318 1.200
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