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[bookmark: OLE_LINK564]Supplementary Note S1 Optimization of GO, CNT and PVA Concentrations
﻿A higher carbon nanofiller (GO and CNT) concentration in the aerogel can lead to better solar absorption, but inevitably reduce porosity which is undesirable for water uptake. Therefore, the weight ratio of carbon nanofillers to PVA was optimized to achieve a balance for a high evaporation rate. The SGA samples with different GO-CNT:PVA weight ratios of 0.025, 0.035, 0.05 and 0.075, designating as GO-CNT/PVA-0.025, GO-CNT/PVA-0.035, GO-CNT/PVA-0.05 and GO-CNT/PVA-0.075, respectively, were tested under one sun. The weight ratio of GO and CNT were kept the same at 3:7 for all compositions. The corresponding evaporation rates were 1.34, 1.71, 2.24, and 2.13 kg m-2 h-1, respectively (Fig. S4). The evaporation rate first increased to 2.24 kg m-2 h-1 at an optimal weight ratio of 0.05:1 before turning to decline. The difference in evaporation rate was attributed to the microstructure change caused by the change of GO-CNT/PVA ratio. As shown in Fig. S5, with the increasing GO-CNT:PVA ratio, the pores became increasingly smaller with less obvisouly pore alignment. Although the samples with different GO-CNT:PVA ratios were produced under the same freezing temperature (-80 °C) using the same mold, the lack of alignment at a high GO-CNT:PVA ratio of 0.075 was mainly due to the high viscosity of the solution, resisting the ice crystals to grow unidirectionally during freeze-casting and thus forming rather random pore structures. This means that the porosity for water transport was reduced with the increasing filler concentration, which caused the evaporation rate to decrease when the filler-to-PVA ratio exceeded 0.05:1. 
[bookmark: OLE_LINK944][bookmark: OLE_LINK945][bookmark: OLE_LINK845][bookmark: OLE_LINK846]The weight ratio of PVA/water in the solution was also optimized. The SGA samples with PVA/water weight ratios of 0.07, 0.10, and 0.12, designated as PVA/water-0.07, PVA/water-0.10, and PVA/water-0.12, respectively, were measured under one-sun illumination and the corresponding evaporation rates were shown in Fig. S6a. SGA with PVA/water-0.10 showed the highest evaporation rate of 2.24 kg m-2 h-1. Although increasing PVA concentration could increase the hydrophilicity for water uptake, it also led to the decrease of porosity and micropore size (Fig. S6b), in turn reducing the water transport through the aerogel network. Therefore, an optimal evaporative performance was achieved when the water uptake and porosity were in balance at the PVA/water weight ratio of 0.10.
Supplementary Note S2 Fitting Model of Salt Transport
The experimental data of surface salinity for three structures were fitted using the Fick’s second law:
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]			        (S1)
where c(x, t) is the concentration of salt and Ds,eff is the effective diffusion coefficient. Assuming the total amount of salt dripped into the water is constant, the solution to Equation S1 is
 			(S2)
where Q0 is the total amount of salt in the solution introduced on the sample surface.
[bookmark: OLE_LINK668][bookmark: OLE_LINK672]Supplementary Note S3 Numerical Model of Salt Transport
[bookmark: OLE_LINK2036][bookmark: OLE_LINK2037]The numerical modeling of salt transport was carried out using COMSOL Multiphysics software. Based on the geometry of three structures, a two-dimensional computing domain was constructed for SGA, SVA, and SRA, respectively (Fig. S13). To simulate the brine dripping process, a layer of 20 wt% brine was uniformly formed on the surface of the sample as the initial condition. The incompressible flow field was described by [S1]: 
	     (S3)
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]            (S4)
where , , , , , and  are the mass density, vector flow field, pressure, viscosity, temperature and gravitational acceleration, respectively.
The salt transport was determined using a time-dependent mass diffusion-convection model:
                  (S5)
where  is the concentration of the species and  is the diffusion coefficient. 
Supplementary Note S4 Heat Loss Analysis
The total heat loss power () during evaporation consists of three parts, namely, radiation, convection, and conduction:
	              (S6)
where the three terms at the right-hand side represent the power of radiation loss, convection loss, and conduction loss, respectively.
The heat loss contribution is calculated as the ratio of different heat loss components to the total heat loss. The detailed calculation of each heat loss component is provided in the following.
(1) Radiation loss
The radiation loss is calculated by
		        (S7)
[bookmark: OLE_LINK666][bookmark: OLE_LINK667]where  is the surface area (2 cm2), 𝜀 is the emissivity of SGA (95.7%), 𝜎 is the Stefan-Boltzmann constant (5.67×10-8 W m-2 K-4),  is the surface temperature of SGA (~40.5 °C), and  is the ambient temperature (~37.6 °C) measured by a thermocouple placed above the evaporation surface. For the calculation of radiation loss from theoretical model,  (42.1 °C) and  (22.5 °C) were the theoretical temperatures obtained by solving Equations (4) and (5).
(2) Convection loss
The convection loss is calculated by:
	           (S8)
where  is the convection heat transfer coefficient (~ 5 W m-2 K-1 for air under natural convection). Ts and T∞ were the same as those used in calculating the radiation loss.
(3) Conduction loss
[bookmark: OLE_LINK607]During the experiment, the conduction loss was calculated according to the temperature of the underlying bulk water as follows:
[bookmark: OLE_LINK660][bookmark: OLE_LINK661]                       (S9)
﻿where  is the specific heat capacity of water (4.2 J g-1 °C-1),  is the mass of bulk water (10 g),  is the change in underlying bulk water temperature before and after evaporation (~ 1.1 °C). 
For the theoretical model, the conduction loss is calculated as
                    (S10)
where  is the TC of water (0.6 W m-1 K-1),  is the shape factor relating to the vapor transport resistance due to evaporator geometry (0.02 m),  is the TC of evaporator (0.55 W m-1 K-1) and  is the thickness of evaporator (0.01 m).
Supplementary Note S5 Effect of TC on Evaporation Rate and Energy Efficiency
[bookmark: OLE_LINK653][bookmark: OLE_LINK654][bookmark: OLE_LINK657]The dominant role of thermal conduction in determining the heat loss and its effect on the evaporation rate and energy efficiency were evaluated based on the theoretical model given by Equations 4 and 5. Different kevap values were used as the inputs to obtain the surface temperature of SGA under steady state by solving Equations 4 and 5, and then the corresponding evaporation rates at different kevap were calculated using Equation 5. The evaporation rates were then normalized over that at kevap = 0 (i.e., no conduction loss) and plotted against kevap in Fig. 4f. 
The energy efficiency is calculated as
                    (S11)
where Qsun is the input solar power and Qloss is calculated according to Supplementary Note S4. Similar to evaporation rate, energy efficiencies at different kevap were calculated and normalized over that at at kevap = 0 (i.e., no conduction loss). The normalized energy efficiency is plotted against kevap in Fig. 4f.
Supplementary Note S6 Effect of Pore Channel Size on the Evaporation Rate and Salt Rejection
To understand the effect of pore channel size on the evaporation performance, we first prepared SVA samples with two typical widths between cell walls (Fig. S12a), 10 µm (SVA-10) and 30 µm (SVA-30) by using different freezing temperatures of -120 and -80 °C, respectively. The evaporation performance of SVA-10 and SVA-30 in a 20 wt% brine for 8 hours under one sun was shown in Fig. S19. The evaporation rate of SVA-10 in the initial evaporation stage was higher than that of SVA-30 as indicated by the faster water loss, which was attributed to the higher water transport rate of the former. However, as evaporation continued, salt precipitation was clearly observed on the evaporation surface of SVA-10 (inset of Fig. S19), resulting in gradually reduced evaporation rates. By contrast, SVA-30 showed consistent evaporation rate in the 8-hour test without salt accumulation (inset of Fig. S19). The better salt rejection performance of SVA-30 than SVA-10 was attributed to the wider channel width in the former which facilitate salt transport, giving rise to consistent evaporation performance in the long run. The above analysis indicates that although a wider channel width was inferior to the narrow one in the initial stage of evaporation due to the smaller capillary pressure, it performed more consistently than its narrow counterpart under extended period of evaporation because of the better salt rejection.
We also prepared SGA samples with different channel widths and compared their evaporation performance. Three SGA samples with different channel widths of 10 µm (SGA-10), 30 µm (SGA-30), and 50 µm (SGA-50) were prepared using different freezing temperatures of – 120, – 80, and – 30 ºC, respectively (Fig. S20). It is noted that the channel width here refers to the width between cell walls at the bottom of SGA. The evaporation performance was evaluated under one sun for 8 hours in a 20 wt% brine, as shown in Fig. S21. Compared to SGA-30, SGA-10 showed a higher evaporation rate of 2.21 kg m-2 h-1 at the initial 3 hours of evaporation, but the rate gradually decreased with the increasing operation time, primarily due to salt accumulation on the evaporation surface with narrow channel width in SGA-10. On the other hand, a large channel width in SGA-50 contributed to a stable evaporation for the entire 8 hours, but its excessively wide channels adversely affected the thermal localization, in turn resulting in a low evaporation rate of only 1.6 kg m-2 h-1. By contrast, the moderate channel width of ~30 µm in SGA-30 balanced the salt rejection and heat localization, giving rise to a stably high evaporation rate ~ 1.94 kg m-2 h-1 for 8 hours without salt accumulation. 
In summary, the above results elucidate the effect of channel width on evaporation rate and salt rejection. Narrow channels induced high capillary pressure for faster evaporation at the initial stage but impeded the salt transport under high-salinity conditions in the long run for deteriorated evaporation performance due to salt accumulation. Wide channels were preferred for avoiding salt accumulation, but they inevitably affected the heat localization, leading to low evaporation rate. Therefore, a moderate channel width was essential to balance the salt rejection and heat localization. In our case, a channel width of ~30 µm was found to be optimal and was used for SGA.
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[bookmark: OLE_LINK245]Fig. S1 Photographs showing the radial growth of ice crystals over time
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Fig. S2 a SGA of different sizes (top) and their applications for practical water production by placing multiple SGAs on the water surface (bottom). b Demonstration of buoyancy stability for SGAs with two different sizes, i.e., one of 1.0 by 2.5 cm and the other of 2.0 by 3.5 cm
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Fig. S3 a Photographs of SGA and hemispherical aerogel. b Evaporation performance of SGA and hemispherical aerogel
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Fig. S4 The mass changes of water during evaporation tests under one-sun illumination for SGA samples with different GO-CNT/PVA ratios
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Fig. S5 SEM images of SGA samples with different GO-CNT/PVA ratios
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Fig. S6 a The evaporation rates and b SEM images of SGA samples with different PVA/water ratios
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[bookmark: OLE_LINK63][bookmark: OLE_LINK64]Fig. S7 Raman spectra of GO, CNT, GO-CNT mixture, PVA powder and SGA. GO, CNT and GO-CNT mixture exhibited two characteristic peaks at 1348 and 1587 cm-1 corresponding to the D and G bands [S2]. For the pure PVA, a prominent peak at 2904 cm-1 was assigned to the stretching vibrations of -CH2 [S3]. The Raman spectra of SGA contained characteristic peaks of both GO-CNT and PVA, indicating the presence of GO, CNT, and PVA in SGA
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[bookmark: OLE_LINK608][bookmark: OLE_LINK609][bookmark: OLE_LINK870][bookmark: OLE_LINK1789][bookmark: OLE_LINK1790][bookmark: OLE_LINK867]Fig. S8 Demonstration of buoyant stability of a SGA with a hull-like, arched bottom and b aerogel with a rectangular shape. After a large displacement was applied, SGA was able to oscillate and eventually return to its stable position because the lower center of bouncy than the center of gravity. By contrast, the aerogel with a rectangular shape was flipped over by the same displacement, demonstrating the improved stability of the hull-like structure


[image: 图片包含 文本

描述已自动生成]
Fig. S9 a The cross-sectional SEM image of SGA showing the horizontal cell walls on the surface. b The surface SEM image of SGA showing the presence of micro-sized pores
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Fig. S10 The water contact angle on the bottom surface of the SGA
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Fig. S11 Cross-sectional SEM images of a SVA and b SRA at different magnifications
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Fig. S12 a SEM images and b water transport rates of SVA-10 and SVA-30
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[bookmark: OLE_LINK1335][bookmark: OLE_LINK1336][bookmark: OLE_LINK1323][bookmark: OLE_LINK1324][bookmark: OLE_LINK1325][bookmark: OLE_LINK1326]Fig. S13 The salinity distributions of three structures after dripping 1 mL 20 wt% brine under an isothermal condition
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Fig. S14 Solar absorption spectrum of the bottom surface of SGA
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Fig. S15 The densities of SRA, SVA and SGA in dry and wet states
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[bookmark: OLE_LINK1337][bookmark: OLE_LINK1338][bookmark: OLE_LINK1444]Fig. S16 Photographs showing a 0.5g NaCl placed on the surface of SGA before evaporation test and b complete dissolving of NaCl after 110 min of water evaporation under one-sun illumination
[image: 条形图

中度可信度描述已自动生成]
[bookmark: OLE_LINK1393][bookmark: OLE_LINK1394]Fig. S17 The evaporation rate under the dark condition and the equivalent enthalpy of pure water, SRA, SVA and SGA
[bookmark: OLE_LINK1391][bookmark: OLE_LINK1392][bookmark: OLE_LINK1395][bookmark: OLE_LINK1396][bookmark: OLE_LINK1397][bookmark: OLE_LINK1398][bookmark: OLE_LINK1399][bookmark: OLE_LINK1400][bookmark: OLE_LINK1401][bookmark: OLE_LINK1402]The dark evaporation tests were carried out using different samples and pure water with the same surface area. The sample were put into a container at room temperature and atmospheric pressure without illumination [S4]. Mass changes of SGA, SVA, SRA and pure water were measured using an electronic balance to obtain their dark evaporation rates. The equivalent enthalpy  of water in SGA, SVA and SRA was calculated by [S5]
                      (S12)
where is the evaporation enthalpy and  is the mass change of pure water;  and  are the equivalent evaporation enthalpy and mass changes of SGA, SVA and SRA. Compared to pure water, the aerogels exhibited lower evaporation enthalpy and higher dark evaporation rates. This is because the hydroxyl groups in the PVA networks could form strong hydrogen bonds with the water molecules, weakening the hydrogen bonds between the water molecules and causing the water molecules to escape more easily into the air [S6]. 
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Fig. S18 The mass change of SGA in a 20 wt% NaCl solution under one-sun illumination for 36 h
[image: ]
Fig. S19 The mass changes of SVA with different pore channel widths in a 20 wt% brine under one-sun illumination for 8 h. Insets show the salt accumulation on the surfaces of SVA-10 during the test while no salt accumulation observed for SVA-30
[image: ]
Fig. S20 SEM images showing channel widths of SGA-10, SGA-30, and SGA-50 freeze-cast at – 120, – 80, and – 30 ºC, respectively. Note that SGA-30 was the optimal one and designated as SGA in the main text
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Fig. S21 The changes in evaporation rates of three SGA samples in a 20 wt% brine under one-sun illumination for 8 h
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[bookmark: OLE_LINK604]Fig. S22 Solar absorption spectra of SGA before and after evaporation test
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Fig. S23 Long-term evaporation rates of SGA in a 3.5 wt% brine under one-sun illumination for 240 hours without interruption
[image: ]
[bookmark: OLE_LINK761][bookmark: OLE_LINK762][bookmark: OLE_LINK1038][bookmark: OLE_LINK1039]Fig. S24 a Photographs and dimensions of the custom-made water condensation device. An aluminum foil was used to cover the water surface between evaporators to avoid evaporation directly from water. b Photograph of the solar desalination setup. c The solar flux, temperature, and humidity during the test. d Photograph of collected fresh water in the beaker
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Fig. S25 a Tensile stress-strain curve and b compressive stress-strain curves of SGA
Supplementary Tables
[bookmark: OLE_LINK1403][bookmark: OLE_LINK1404][bookmark: OLE_LINK1389][bookmark: OLE_LINK1390]Table S1 Various constants and parameters used in the calculation of theoretical surface temperatures of SGA, SVA and SRA
	Constants

	Symbol
	Description
	Value

	
	Stefan-Boltzmann constant [W m-2 K-4]
	5.67×10-8

	
	Diffusivity of vapor in air [m2 s-1]
	3×10-5

	
	Molar mass of air [kg mol-1]
	18.015×10-3

	
	Convective heat transfer coefficient to ambient [W m-2 K-1]
	5

	
	Solar flux [W m-2]
	1000

	
	Far field ambient temperature [K]
	295.65

	
	Far field relative humidity
	1

	Parameters

	Symbol
	Description
	SGA
	SVA
	SRA

	L
	Length [m]
	0.01
	0.01
	0.01

	A
	Area of evaporator [m2]
	2×10-4
	2×10-4
	2×10-4

	
	Thickness [m]
	0.01
	0.01
	0.01

	
	Solar absorptance
	0.93
	0.92
	0.89

	
	Solar emissivity
	0.957
	0.985
	0.971

	
	Enthalpy of vaporization [J kg-1]
	1534×103
	1598×103
	1667×103

	
	Effective TC of evaporator [W m-1 K-1]
	0.55
	0.74
	0.63

	
	Shape factor [m]
	A/L
	A/L
	A/L





Table S2 The heat loss contributions of SGA calculated from theoretical model and experimental data 
	
	Radiation loss (%)
	Convection loss (%)
	Conduction loss (%)

	Theoretical model
	15.52
	12.54
	71.94

	Experimental data
	19.71
	14.71
	65.58


[bookmark: OLE_LINK1541][bookmark: OLE_LINK1542]Table S3 Comparison of evaporation performance under 1-sun in 20 wt% NaCl solution
	Structure
	Materials
	Evaporation rate (kg m-2 h-1)
	Energy efficiency (%)
	Refs

	Vertical structure
	﻿ CNTs/SiO2
	1.5
	85.4
	[S7]

	
	Attapulgite/cellulose/PVA/PPy
	1.28
	80
	[S8]

	
	﻿ PVA/polyacrylamide/MXene
	1.79
	60.7
	[S9]

	
	MXene
	1.46
	87
	[S10]

	
	Silica nanofibers
	1.25
	72
	[S11]

	
	Carbonized wood
	1.04
	75
	[S12]

	Random structure
	﻿Polymer foam/PPy
	1.41
	88
	[S13]

	
	Carbonized loofah
	1.45
	74.9
	[S14]

	Conical structure
	PVA/MXene fibre cloth
	1.95
	83.6
	[S15]

	
	SPI/HEC/epichlorohydrin/ CB
	3.53
	81.6
	[S4]

	Other structures
	[bookmark: OLE_LINK932][bookmark: OLE_LINK933]Resin/carbon nanofibers
	1.59
	80.5
	[S16]

	
	﻿Basswood/graphitic carbon
	1.3
	72
	[S17]

	
	﻿PDA/PEI/PPy/PI
	1.26
	77
	[S18]

	
	Resin/carbon nanoparticles
	~ 0.8
	57.8
	[S19]

	
	Janus wood
	1.2
	82
	[S20]

	Graded structure
	GO-CNT/PVA
	1.94
	81.7
	This work
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