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Figure S1. SEM images of (a-b) RH particles, and (c-d) RHB particles at different 

magnifications.
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Figure S2. (a) FTIR spectra of RH and RHB particles and (b) XPS survey spectra; detailed 

deconvolution curves of XPS C 1s for (c) RH, and (d) RHB particles.

To clarify why RHB particles could be an efficient foam stabilizer but RH could not, the 

microstructure and surface chemical compositions of both particles were characterized and 

analyzed. Obviously, both RHB and RH particles show similar size ranges and microstructure 

(Figure S1). The FTIR spectrum of RH shows three characteristic peaks located at 3416, 2900, 

and 1640 cm-1, which belong to the broad and intense O-H stretching vibration, -CH2-, and 

water bending mode, respectively. In comparison with that of RH, the peak of aromatic C=C 

(1600 cm-1) in RHB spectrum becomes stronger, accompanied by the weakening of O-H 

vibration, -CH2-, and water bending (Figure S2a). The strong peaks at 1100, 796, and 467 cm-

1 in the FTIR spectra of both RH and RHB particles are attributed to the Si-O-Si bonds, as rice 

husk is a Si-rich biomass. Moreover, after pyrolysis process at 500 ℃, the ratio of C to O in 

RHB is increased from 1.69 to 2.47, and the C-O groups on RH decrease significantly, which 
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also reveal the carbon condensation and crystallization process during pyrolysis, as verified in 

XPS spectra in Figure S2b-d. The growth of hydrophobic aromatic structure and removal of 

oxygen-containing groups in RHB suggest that the RHB particles became partially 

hydrophobic during high temperature pyrolysis. It was reported that one crucial requirement 

for particles to be a foam stabilizer is that it must be partially hydrophilic/hydrophobic, and 

then it can adsorb at air-water interfaces to stabilize the bubbles. 1 Therefore, RHB particles 

with hydrophobic aromatic structure and residual hydrophilic oxygen-containing groups will 

adsorb at the air-water interfaces as a foam stabilizer. On the other hand, RH particles cannot 

be adsorbed easily on the interface, because it is hydrophilic and easy absorbing water.
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Figure S3. SEM images of RHB-PH.

Figure S4. SEM images of RHB-NH.

Figure S5. SEM images of RH-H.
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Figure S6. UV-vis-NIR absorption spectra of the carbon-based hydrogels.

Figure S7. (a) Initial part of the compressive stress-strain curves RHB-PH at 50% maximum 

strain; (b) corresponding maximum stress recovery during 100 compression cycles (strain at 

50%).
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Figure S8. SEM images of RHB-PH after 100 compression cycles at 50% strain.



S8

Figure S9. (a) The temperature change curves of RHB-PH surface and (b) corresponding water 

bulk below the surface under 1-sun illustration.
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Generally, the evaporation rate should be no more than 1.47 kg m-2 h-1, according to the 

law of thermodynamics. 2, 3 The excellent evaporation performance of RHB-PH, obviously 

exceeded the theoretical limit of thermodynamics, should be attributed to the activated 

intermediate state of water molecules inside the polymeric network. 4, 5 To obtain the real 

vaporization enthalpy of water inside RHB-PH networks, water and RHB-PH samples with 

same superficial area were synchronously set in a closed container under room temperature (25 

oC) and ambient air pressure in the dark to guarantee the same energy input.4, 5 The internal 

relative humidity (~45%) of container was stabilized by a supersaturated potassium carbonate 

solution. The equivalent evaporation enthalpy (∆Hequ) of water in RHB-PH can be calculated 

according to the mass changes of the water samples with identical power input (Uin): 

Uin = ∆Hvap × m0 = ∆Hequ × mg,

where ∆Hvap and m0 were the evaporation enthalpy and mass change of bulk water, mg was the 

mass change of RHB-PH. The mass changes and calculated ∆Hequ were shown in Figure S10. 

The obtained ∆Hequ of water in RHB-PH sample (~ 1981 J g-1) is reduced compared with bulk 

water (2441.7 J g-1).

Figure S10. (a) Mass changes of the samples in the container in dark condition after 24 h; (b) 

the equivalent enthalpy of bulk water and RHB-PH.
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Figure S11. Typical solar flux change during daytime (16th, October) on a sunny day in our 

institute.

Figure S12. Outdoor performance of RHB-PH as the absorber during 7 days test.
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Figure S13. Salt harvest and water loss of RHB-PH evaporator during 7 12-h cycles under 1-

sun illustration.
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Table S1. Solar evaporation performances based on the biochar-derived sponge-like hydrogel 

RHB-PH in this work compared with other low cost and widely available carbon-derived 

materials under 1 kW m-2 solar illumination. (deionized water or seawater for short testing time)

Samples Solar absorption (%)
Evaporation rate

(kg m-2 h-1)
Running 
time (h)

Ref.

RHB-PH 93.3 1.79±0.008 12 This work

Geopolymer-biomass 
mesoporous carbon 
composite

90-95 1.58 1 6

Carbonized mushroom 96 1.523 1 7

Glucose-coated carbon fibers 93.0 1.47 1 8

Activated carbon fiber felt 94 1.42 1 9

Carbon-black/cellulose-
sponge

97.5 1.40+ 0.67 10

Carbon dot/hydrogel <90 1.40 1 11

Low cost biochar/ethyl 
cellulose coated filter paper

96 1.37 0.5 12

Wood-derived carbon foam 90.5 1.26 1 13

Biomass-based solar 
absorber

89.4 1.2 1.5 14

Candle soot coated cotton \ 1.19 1 15

MnO2/graphene aerogel ~100 1.3542 1 16

MXene aerogel ~96 1.46 12 17
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Table S2. Comparison of the solar-driven desalination performances for high concentration 

brines under 1 kW m-2 solar illumination for a long-term experiment.

Samples
Solar 

absorption 
(%)

Salt 
concentration 

(wt%)

Evaporation 
rate (kg m-2 h-1)

Running 
time (h)

Ref.

RHB-PH 93.3 25 1.77±0.05 7×12
This 
work

PVA/graphene 
hydrogel

~98 25 1.614 4 4

PVA/graphene 
hydrogel

~98 5-20 2.61-2.21 4 4

MXene aerogel ~96 1.2-7.6 ~1.46 15×12 17

Carbon black@Cu 
foam 

~98 10 1.39 8 18

3D solar evaporator >95 25 1.33 6×20 19

Ti3C2 nanosheet \ 2.75 1.31 200 20

Bimodal porous 
wood (1 sun)

97 15 0.80 \ 21

Bimodal porous 
wood (6 sun)

97 15 6.4 7 21

Glucose-coated 
Carbon fibers

93.0 10 0.62 3×8 8
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