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Heat localization behaviour of V-RGO foam with a compressive strain of 47.1% under 1
sun irradiation:
The conductive heat flux from the top evaporation surface of the foam to the bulk water
(Jeond) can be calculated using eq. S1:1
Jeond= Kk (AT/L) (S1)
Where « is the thermal conductivity of the V-RGO foam, which is ~3.2 mW m™ K™, AT/L
represents the temperature gradient along the vertical axis of the V-RGO foam (~420 K m™).
Thus, Jeond is approximately 1.34 W m2,
The conductive heat loss (Econd) can be calculated with eq. S2:*
Econd = Jeond XA (S2)
where A is the cross-sectional area of the conductive path (1.62x10~* m?). Thus, Econd is
approximately 2.18 <10~*W, which can be negligible.
The conductive loss efficiency (ncond) is calculated with eq. S3:2
Ncond = Jeind/Jin (S3)
where Jin is the energy put into the system (1 kW m2). Thus, ncond is 0.13%. Compared to

convection and radiation losses, the conductive heat loss can be ignored.’
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Figure S2. (a-d) SEM images of V-RGO foam at different magnifications.
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Figure S3. Pore size distribution of V-RGO foam calculated by a mercury intrusion

porosimetry method.
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Figure S4. Rapid water absorption of V-RGO foam.
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Figure S5. (a) Aqueous solution of methylene blue (MB) with a concentration of 50 ppm. (b)
Water wettability of the V-RGO foam indicates its hydrophilicity. (c, d) When a dry paper
touches the top surface of the V-RGO foam, it could be dyed and wetted quickly and absorb

water from the foam.

Figure S6. SEM images of cross-sections of freeze-dried V-RGO foam compressed at the stains

of (a) 11.8%, (b) 23.5%, (c) 35.3%, (d) 52.9%, and () 58.9%.
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Figure S7. Optical images of the surfaces of the V-RGO foams compressed at stains of (a)

11.8%, (b) 23.5%, (C) 35.3%, (d) 52.9%, and () 58.9%.
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Figure S8. Fitting curves of the energy region of O—H stretching mode in the Raman spectra
of (a) pure water, and the water in the V-RGO foams with different compressive strains of (b)

11.8%, (c) 23.5%, (d) 35.3%, (€) 52.9%, and (f) 58.9%.
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Figure S9. Fitting curves of the melting behavior of ice and water frozen in V-RGO with
compressive strains of 0%, 11.8%, 23.5%, 35.3%, 47.1%, 52.9%, 58.9% and 61.8%. On the
basis of the method reported by Yu et al,* the fractions of free water, intermediate water, and
bound water in V-RGO foams with compressive strains are measured by DSC. Figure S9 shows
the fitted curves of the melting behaviors of water frozen in V-RGO foams, which are used for

estimating the fractions of three types of water (Table S1).
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Figure S10. Schematic illustrating the three types of water in the V-RGO foam with
compressive strains of (a) 11.8%, (b) 23.5%, (c) 35.3%, (d) 52.9%, and (e) 58.9%, where FW,
IW and BW represent free water (blue), intermediate water (light blue), and bound water (red),

respectively.
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Figure S11. Plot of water evaporation rate versus time for RGO foam under 1-sun irradiation.
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Figure S12. Percentages to saturated water content (Qs) of RGO and V-RGO foams as a
function of time. The transport of water in the foam channels is achieved by capillary pumping,
and the diffusion of water in the molecular grids is enabled by the osmotic effect. Therefore,
water transport in the foam is evaluated by the dynamic analysis of swelling of the foam
network. In the design of water absorption experiment, Qs represents the water content of the
foam after saturation. We use a bibulous paper with strong capillary, to absorb the water from
the molecular meshes and micron channels in the saturated foam, and carefully control the water
content in the foam down to half of the original value (0.5 Qs), realizing a half-saturated state.
The swollen time from the half-saturated state to the saturated state reveals the water transport

behavior in the foam.
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Figure S13. Water evaporation rates of the V-RGO foam with a compressive strain of 47.1%

under 1, 3, 5, 7, and 10-sun irradiation.
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Figure S14. Solar steam generation rates of V-RGO foam with a compressive strain of 47.1%

under 1, 3, 5, 7 and 10-sun irradiation.
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Figure S15. Water evaporation rates of V-RGO foam with a compressive strain of 47.1% under

1-sun irradiation for 10 consecutive days (10 h/day).
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Figure S16. Water evaporation rates of V-RGO foam with a compressive strain of 47.1% in

dark.
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Figure S17. DSC curves of pure water and V-RGO foam. To measure the vaporization enthalpy,
the foam filled with water is placed in an open aluminum crucible and measured at a
temperature range from 30 to 135 °C under a nitrogen atmosphere (20 mL mint) with a heating
rate of 5 K min™t. DSC experiments exhibit a reduced vaporization enthalpy (1987 J g*) over
V-RGO foam compared with that of free evaporation water (2368 J g%), which is similar to
previous report.® Note that the actual evaporation process is a slight dehydration process, while
the DSC measurement is a complete dehydration process. So, the enthalpy calculated on the
basis of the DSC curves cannot be directly used for calculating the solar-thermal energy

conversion efficiency.®
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Figure S18. Transient state simulations of temperature distributions at (a) 60 s and (b) 600 s.
On the basis of the constraint of water in the RGO network and the convection in the vertical

channels, the heat transfer in the V-RGO foam can be described by eq. S4:7

IT(x,t)

Ein = pCp —-

+pCpv - VT(X, 1) +P[KFT(X, t)] (S4)

Where Ein is the thermal energy input from the solar-thermal energy conversion; X is the space
vector; and t is time; p is the mass density; Cp is the liquid thermal capacity; T (X, t) is the local
temperature; v and k are the fluid flow speed and the thermal conductivity of water medium,
respectively. As reported, the heat transfer model can be simplified as a semi-infinite medium
for the Cartesian coordinate system.® We use a COMSOL Multiphysics 4.4 software to simulate
the temperature distribution under the steady and transient analysis mode. The 2D model is
discretized into 1000 elements. A constant heat flux density of 0.1 kW m2 appears on the top
(Z =500 pum), which corresponds to the solar energy input on the surface of V-RGO foam, and
the energy consumption used for evaporation is about 0.9 kW m2. The balanced heat flux is
0.1 kW m™2. The temperature distributions under the steady and transient analysis mode at (a)

60 s and (b) 600 s are shown in Figure S18.

S13



(a) 60 s (b) 600 s

0.63

£
=
N
0.01 0.01
(um/s)
0 250 500 500

X (um)

Figure S19. Steady state simulation of water transport caused by the water losses from the
evaporation surface of the foam under 1-sun irradiation at (a) 60 s, and (b) 600 s. We established
a water transport steady state model on the basis of the biphasic mixture theory to simulate the
water transport behavior in the foam, which considers the flow of a fluid through a porous
medium with different porosities and ignores the complexity caused by deformation. The RGO
network and permeable fluid are regarded as permeable solids and fluids respectively.® The
mass conservation for water phase in the foam is described by eq. S5:1°

V-vp= V" [dw " (vo—vw)] (S5)
where ow, vp, and v are the water volume fraction, intrinsic velocity of carbon-based material,
and intrinsic velocity of water phase, respectively. In addition, the momentum conservations of
carbon-based material and liquid phase are determined by egs. S6 and S7:!

V- op+ fow(vw—vp) =0 (S6)

bwl-P+>fiw (vw—vi)=0 (S7)
Where op and f represent the stress tensor and drag force between the two phases; P is the
intrinsic fluid pressure, including the remaining part of internal fluid pressure and the osmotic
pressure. Based on the experimental data, the predetermined vwo iS Set on the top boundary of

the RGO skeleton. In the steady-state analysis mode, COMSOL multiphysics 4.4 is used for
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numerical simulations. The 2D model is discretized into 1000 elements. For qualitative analysis,

we assume fwp = 1012 N 's m2 in the RGO network to simplify the calculation.’

Table S1. The fractions of free water, intermediate water, and bound water in the V-RGO foam

with different compressive strains.

Compressive Free water Intermediate water Bound water  IW/FW

strain (%) fraction (%o) fraction (%0) fraction (%) ratio
0 72.04 26.70 1.26 0.37

11.8 67.40 29.71 2.89 0.44
23.5 58.89 38.31 2.8 0.65
35.3 56.65 39.84 3.51 0.70
47.1 51.62 42.09 6.29 0.82
52.9 53.46 40.98 5.56 0.77
58.9 62.72 34.65 2.63 0.55
61.8 69.87 28.73 1.4 0.41

Table S2. Comparison of the solar-thermal energy conversion performances of V-RGO foam

with those reported in the literature.

Water Evaporation Efficiency at1 Absorption

Materials Rate (kg m™ h-Y) KW m™2 (%) (%) Ref.
Double-layer cellulose- 1582 914 94 12
based hydrogel
RGO nanofluids 0.9 50 - 13
Wood@AIP 1.423 90.8 ~98 14
MoS: nanomaterials 1 68.1 96 15
Plasmonic absorber 2.7 79.3 92.9 16
ACF felt 1.22 79.4 94 17
Attapulgite/polyacrylamide 1.2 85 99 18
RGO hydrogel 2.4 ~100 98 19
PVA/PPy hydrogel 3.2 94 ~908 10
PVA/RGO hydrogel 2.5 85 ~98 11
V-RGO hydrogel 3.39 104.1% ~97 This
work
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Table S3. The results of equivalent enthalpy and corresponding energy conversion efficiencies

of V-RGO foams with different compressive strains.

Samples Evaporation rate in aclosed  Equivalent enthalpy Conversion
container (kg m2h?) Jog?h efficiency (%)

Water 0.0452 2444 21.7%
V-RGO-0% 0.0484 2283 92.6
V-RGO-11.8% 0.0558 2008 954
V-RGO-23.5% 0.0695 1614 100.4%
V-RGO-35.3% 0.0715 1579 101.8%
V-RGO-47.1% 0.0846 1306 104.1%
V-RGO-52.9% 0.0780 1435 102.9%
V-RGO-58.9% 0.0677 1653 98.3%
V-RGO-61.8% 0.0556 2012 97.3%

An experiment is designed to estimate the real vaporization enthalpy of water in the foam

An experiment is designed to estimate the real vaporization enthalpy of water in the foam,
which is much lower than that of pure water. Water and the V-RGO foam (compressed by
47.1%) with the same surface area are placed in a sealed container with supersaturated
potassium carbonate, which is used to stabilize the RH of ca. 45%, under a temperature of ca.
25, and an ambient air pressure. Since the input power is the same, the equivalent
vaporization enthalpy of water can be calculated with eq. S8:1°

Uin = AHomo = AHequimyg (S8)
Where Ui is input power, AHo and mo are the vaporization enthalpy and the mass change of
bulk water, respectively; AHequ and mg are the equivalent vaporization enthalpy and the mass
change of the foam, respectively. The vaporization enthalpy of water in the foam is about half
of the vaporization enthalpy of pure water.
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