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Supplementary Figures and Table
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Fig. S1 SEM image of BCH
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Fig. S2 a Appearance and b thickness of the BCC/BCH membrane
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Fig. S3 TEM image of bare BC
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[bookmark: _Hlk149765898]Fig. S4 HRTEM image of CNTs
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Fig. S5 XPS spectrum of BCC and BCH samples
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Fig. S6 Evaporation enthalpy of water in different evaporation systems
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Fig. S7 a Surface temperature of dry BCC and BCH membranes under 1-sun irradiation. b UV-Vis-NIR absorption spectra of BCH and BCC membranes
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Fig. S8 Schematic illustration of the water evaporation measurement under downward solar light
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[bookmark: _Hlk135157562]Fig. S9 Infrared images of the top surfaces of BCT, BCH, BCC, and BCC//BCH membranes, showing their steady-state temperatures under 1-sun irradiation for 60 min
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Fig. S10 Water contact angels of the bottom and the top surfaces of the BCC//BCH membrane
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Fig. S11 Thermal conductivity of BCC and BCH components
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Fig. S12 Water mass changes of BCT, BCH, BCC and BCC//BCH membranes under 1-sun irradiation
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[bookmark: _Hlk150259943]Fig. S13 Water evaporation rates of the BCC//BCH membrane under different solar irradiatio[image: ]
Fig. S14 Comparison of the evaporation performance of the BCC//BCH bilayer membrane with those of reported solar-driven evaporators [S1-S23] 
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Fig. S15 Apparent activation energy of the BCC/PMS system
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Fig. S16 Phenol concentration before and after degradation
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Fig. S17 a Degradation rate constant of various dyes using BCC catalyst under 1 kW m−2 irradiation. b Degradation rate constants of various antibiotics using BCC catalyst under 1 kW m−2 irradiation. c Degradation rate constants of CIP antibiotics using BCC catalyst under 1 kW m−2 irradiation with addition of various scavengers
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Fig. S18 EPR spectra of a DMPO-•OH/SO4•− and b TEMP-1O2
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Fig. S19 EPR spectrum of BCC
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Fig. S20 a XPS and b Co 2p spectra before and after the CIP degradation in the BCC/PMS system
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Fig. S21 The presence of different kinds of water (IW, FW, and BW) in the evaporator
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Fig. S22 Fitting curves based on the Gaussian function in the energy region of the O–H stretching modes of water in a BCC//BCH system, b BCC//BCH-CIP system, and c BCC//BCH-PMS system
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Fig. S23 Dark evaporation rates of water in different evaporation systems
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Fig. S24 The average numbers of hydrogen bonds in BC of different systems
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Fig. S25 a, b CIP degradation evolution and evaporation rates with different masses of BCC//BCH films
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Fig. S26. a, b CIP degradation evolution and evaporation rates of different PMS concentrations with the optimum BCC//BCH mass
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Fig. S27 Residence times of the CIP pollutant at various flow rates
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Fig. 28 Concentration of CIP before and after degradation[image: ]
Fig. S29 Mass spectrum of CIP degradation intermediates[image: ]
Fig. S30 Proposed degradation pathway of CIP by the flow bed system
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Fig. S31 SEM images of the BCC//BCH interlayers with AOPs
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Fig. S32 SEM images of the BCC//BCH interlayers without AOPs
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Fig. S33 XRD patterns of NaCl crystallites formed where PS foam and the BCC//BCH film come into contact during the evaporation processes in 25 wt.% saline

The grain sizes of the NaCl crystals were calculated using the Debye-Scherrer equation:

Where  refers to the grain size (nm),  is the Scherrer constant (0.89), the is the X-ray wavelength and has a value of 0.15406 nm for Cu Ka,  is the half peak width of the XRD pattern and θ is the diffraction angel. 
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Fig. S34 SEM images of NaCl crystallization at the edge of the BCC//BCH membrane without AOPS
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Fig. S35 SEM images of NaCl crystallization at the edge of the BCC//BCH membrane with AOPS
Table S1 Comparison of the solar steam generation performances of the BCC//BCH evaporator with those of other solar-thermal materials under 1-sun irradiation
	Entry
	Materials
	Evaporation rate
(kg m-2 h-1)
	Efficiency
(%)
	References


	1
	BCC//BCH
	1.70
	93%
	This work

	2
	LAL
	1.25
	78.5
	[S1]

	3
	MoOx HNS Membrane
	1.26
	85.6
	[S2]

	4
	TiOx
	0.80
	50.3
	[S3]

	5
	H-TiO2
	1.13
	70.9
	[S4]

	6
	Ppy-coated mesh
	0.92
	58.0
	[S5]

	7
	Oligoaniline
	1.17
	80.6
	[S6]

	8
	PIP2
	1.55
	89.8
	[S7]

	9
	AI NP/AAM
	1.00
	57.0
	[S8]

	10
	AU/D-NPT
	0.80
	65.0
	[S9]

	11
	Aluminophosphate-treated wood
	1.42
	90.8
	[S10]

	12
	Mushroom
	1.48
	78.0
	[S11]

	13
	F-Wood/CNTs
	0.95
	65.0
	[S12]

	14
	C800-ZIF-8 WS
	1.42
	84.5
	[S13]

	15
	PPy–wood
	1.01
	72.5
	[S14]

	16
	AGW
	1.39
	90.1
	[S15]

	17
	Self-regenerating evaporator
	1.04
	85.1
	[S16]

	18
	Fe-D-Wood
	1.30
	73.0
	[S17]

	19
	RGO-SA-CNT aerogels
	1.62
	83.0
	[S18]

	20
	N950 porous graphene
	1.50
	80.0
	[S19]

	21
	SPCF
	1.57
	86.0
	[S20]

	22
	CB/PMMA-PAN
	1.30
	72.0
	[S21]

	23
	VA-GSM
	1.62
	86.5
	[S22]

	24
	PSN-rGO aerogel
	1.55
	90.8
	[S23]



Supplementary References
[S1] X. Chen, C. Meng, Y. Wang, Q. Zhao, Y. Li et al., Laser-synthesized rutile TiO2 with abundant oxygen vacancies for enhanced solar water evaporation. ACS Sustainable Chem. Eng. 8(2), 1095-1101 (2020). https://doi.org/10.1021/acssuschemeng.9b05952 
[S2] Q. Lu, Y. Yang, J. Feng, X. Wang, Oxygen‐defected molybdenum oxides hierarchical nanostructure constructed by atomic‐level thickness nanosheets as an efficient absorber for solar steam generation. Solar RRL 3(2), 1800277 (2018). https://doi.org/10.1002/solr.201800277 
[S3] M. Ye, J. Jia, Z. Wu, C. Qian, R. Chen et al., Synthesis of black TiOx nanoparticles by Mg reduction of TiO2 nanocrystals and their application for solar water evaporation. Adv. Energy Mater. 7(4), 1601811 (2016). https://doi.org/10.1002/aenm.201601811 
[S4] G. Zhu, J. Xu, W. Zhao, F. Huang. Constructing Black Titania with Unique Nanocage Structure for Solar Desalination. ACS Appl. Mater. Interfaces 8(46), 31716-31721 (2016). https://doi.org/10.1021/acsami.6b11466 
[S5] L. Zhang, B. Tang, J. Wu, R. Li, P. Wang. Hydrophobic light‐to‐heat conversion membranes with self‐healing ability for interfacial solar heating. Adv. Mater. 27(33), 4889-4894 (2015). https://doi.org/10.1002/adma.201502362 
[S6] Q. Chen, Z. Pei, Y. Xu, Z. Li, Y. Yang et al., A Durable Monolithic Polymer Foam for Efficient Solar Steam Generation. Chem. Sci. 9(3), 623-628 (2018). https://doi.org/10.1039/c7sc02967e 
[S7] F. Wang, Y. Su, Y. Li, D. Wei, H. Sun et al., Salt-resistant photothermal materials based on monolithic porous ionic polymers for efficient solar steam generation. ACS Appl. Energy Mater. 3(9), 8746-8754 (2020). https://doi.org/10.1021/acsaem.0c01292 
[S8] L. Zhou, Y. Tan, J. Wang, W. Xu, Y. Yuan et al., 3D Self-assembly of aluminium nanoparticles for plasmon-enhanced solar desalination. Nat. Photonics 10(6), 393-398 (2016). https://doi.org/10.1038/nphoton.2016.75 
[S9] L. Zhou, Y. Tan, D. Ji, B. Zhu, P. Zhang et al., Self-assembly of highly efficient, broadband plasmonic absorbers for solar steam generation. Sci. Adv. 2(4), e1501227 (2016). https://doi.org/10.1126/sciadv.1501227 
[S10] T. Chen, Z. Wu, Z. Liu, J.T. Aladejana, X. Wang et al., Hierarchical Porous Aluminophosphate-Treated Wood for High-Efficiency Solar Steam Generation. ACS Appl. Mater. Interfaces 12(17), 19511-19518 (2020). https://doi.org/10.1021/acsami.0c01815 
[S11] N. Xu, X. Hu, W. Xu, X. Li, L. Zhou et al., Mushrooms as efficient solar steam‐generation devices. Adv. Mater. 29(28), 1606762 (2017). https://doi.org/10.1002/adma.201606762 
[S12] C. Chen, Y. Li, J. Song, Z. Yang, Y. Kuang et al., Highly flexible and efficient solar steam generation device. Adv. Mater. 29(30), 1701756 (2017). https://doi.org/10.1002/adma.201701756 
[S13] T. Meng, Z. Li, Z. Wan, J. Zhang, L. Wang et al., MoF-derived nanoarchitectured carbons in wood sponge enable solar-driven pumping for high-efficiency soil water extraction. Chem. Eng. J. 452, 139193 (2023). https://doi.org/10.1016/j.cej.2022.139193 
[S14] Z. Wang, Y. Yan, X. Shen, C. Jin, Q. Sun et al., A Wood–polypyrrole composite as a photothermal conversion device for solar evaporation enhancement. J. Mater. Chem. A 7(36), 20706-20712 (2019). https://doi.org/10.1039/c9ta04914b 
[S15] Q. Zhang, L. Li, B. Jiang, H. Zhang, N. He et al., Flexible and mildew-resistant wood-derived aerogel for stable and efficient solar desalination. ACS Appl. Mater. Interfaces 12(25), 28179-28187 (2020). https://doi.org/10.1021/acsami.0c05806 
[S16] Y. Kuang, C. Chen, S. He, E. M. Hitz, Y. Wang, W. Gan, R. Mi, L. Hu. A high‐performance self‐regenerating solar evaporator for continuous water desalination. Adv. Mater. 31(23), 1900498 (2019). https://doi.org/10.1002/adma.201900498 
[S17] L. Song, X.-F. Zhang, Z. Wang, T. Zheng, J. Yao. Fe3O4/polyvinyl alcohol decorated delignified wood evaporator for continuous solar steam generation. Desalination 507, 115024 (2021). https://doi.org/10.1016/j.desal.2021.115024 
[S18] X. Hu, W. Xu, L. Zhou, Y. Tan, Y. Wang et al., Tailoring graphene oxide‐based aerogels for efficient solar steam generation under one sun. Adv. Mater. 29(5), 1604031 (2016). https://doi.org/10.1002/adma.201604031 
[S19] Y. Ito, Y. Tanabe, J. Han, T. Fujita, K. Tanigaki et al., Multifunctional porous graphene for high‐efficiency steam generation by heat localization. Adv. Mater. 27(29), 4302-4307 (2015). https://doi.org/10.1002/adma.201501832 
[S20] C. Wang, J. Wang, Z. Li, K. Xu, T. Lei et al., Super-hydrophilic porous carbon foam as a self-desalting monolithic solar steam generation device with high energy efficiency. J. Mater. Chem. A 8(19), 9528-9535 (2020). https://doi.org/10.1039/d0ta01439g 
[S21] W. Xu, X. Hu, S. Zhuang, Y. Wang, X. Li et al., Flexible and salt resistant janus absorbers by electrospinning for stable and efficient solar desalination. Adv. Energy Mater. 8(14), 1702884 (2018). https://doi.org/10.1002/aenm.201702884 
[S22] P. Zhang, J. Li, L. Lv, Y. Zhao, L. Qu. Vertically aligned graphene sheets membrane for highly efficient solar thermal generation of clean water. ACS Nano 11(5), 5087-5093 (2017). https://doi.org/10.1021/acsnano.7b01965 
[S23] F. Meng, Y. Zhang, S. Zhang, B. Ju, B. Tang. Polysulfide nanoparticles-reduced graphene oxide composite aerogel for efficient solar-driven water purification. Green Energy Environ. 8(1), 267-274 (2023). https://doi.org/10.1016/j.gee.2021.04.004 
S15/S15
image3.tiff




image4.png
| 0297 nm
CNT |




image5.png
Intensity (a.u.)

0

200 400 600 800 1000 1200
Binding energy (eV)




image6.png
Energy consumption (J g™

2500

2000

1500

1000

500

BCC//IBCH

Water




image7.png
Q)

Temperature (°C)

=
o

o
o

2

4 6
Time (min)

8

Light off

10

o

Absorption (%)

100

o0
o

20

500

1000 1500 2000 2500
Wavelength (nm)




image8.tiff
Computer

Balance




image9.tiff
BCC//BCH





image10.png




image11.png
0.042
BCH

0.049
BCC

© < N =
o =) o =]
<) <) <) <)

(A ,-w M) A3ABonpuo) jeway )




image12.png
Mass change (kg m)

o
oo

©
o

S
1N

—BCT
— BCH

---BCC
— BCC//IBCH

---Pure water

10 20 30 40
Time (min)

50

60




image13.png
.

T < ™ N -« (e
(,.y,w b)) ajes uonesodeny

20 30 40 50 60

10

Time (min)




image14.png
Evaporation rate (kg m-2h™)

ot
o

-
&)

-
o

o
o

o
o

40

50

This work

¢ ref.815 = ref.S18 ¢ ref.S21
< ref.S16 o ref.S19 « ref.S22
» ref.817 v ref.S20 » ref.S23

60 70 80 90
Efficiency (%)

100




image15.png
LnK

0.0032

0.0033
1T (K-)

0.0034




image16.png
Te) < (op] N -
(wdd) uonesyuasuod jouayd

o

After

Before




image17.png
TBA P-BQ Ethanol L-his.

Control

X o -
(e

S S
o (,-utw) ddey)

NOR CIP

0.38

0.39
OFR

™ N

(e Q
(,-uiw) ddey

S
3 =

r <
=) =)

b 0.4

B

0.91
MO

1.43
RhB

N % Y
o o

© (,-uiw) ddey

1.6
.0

0




image18.png
Intensity (a.u.)

|
3470

v DMPO-SO;

3480 3490

+ DMPO-OH"®

3500 3510

Magnetic field (G)

|
3520

Intensity (a.u.)

3460

3480

BCC/PMS

3500

3520

Magnetic field (G)

3540




image19.png
Intensity (a.u.)

Ovac

T T T T T T T
3470 3480 3490 3500 3510 3520 3530

Magnetic field (G)





image20.png
Q

Intensity (a.u.)

1000

After cycle

Before cycle

800 600 400 200
Binding energy (eV)

o

Intensity (a.u.)

Co2
Satellite P

ol
yv.
v v
_ A

Y 4
Satellite /
. ,,'Al.."/

A

Co” Co*
After cycle

Satellite &
e NGV b

PRSPV =
v a4

Co*
Before cycle

810 805 800 795 790 785 780 775

Binding energy (eV)




image21.tiff
\
R
.
N
S
(o)
Q
0
I
¢ g
3 T
o <
o \2
Q
0
T
o
o
if"
Q
)
bc
$
HO

’Bound water ~ Intermediate water ) Free water ' SO ' HSO,




image22.png
Intensity (a.u.)

b C
~ —
- -
© o
“—’ e’
>N >N
= =
7)) (7))
C C
QD (eb)
) )
[= [=

2800 3000 3200 3400 3600 3800 4000 2800 3000 3200 3400 3600 3800 4000 2800 3000 3200 3400 3600 3800 4000
Raman shift (cm-) Raman shift (cm-) Raman shift (cm™)




image23.png
| S
Q
)
=
7))
=
a
+
EE
&)
7))
=
a
-
&)
|
()
)
=
o 1 o . o 1L o
® o & = = o 9
o o o o o o o

(.U -w BY) ajes uoneisodens yieqg

Evaporation systems




image24.tiff
BC/Water
H-bond in BC: 1.58

BC/Water/K*/HSOy
H-bond in BC: 0.85

v v <
'\,_‘\; [ a|
N
S - i)
7
Ry 4
X e ;,7(4: 4
= ¥ = of
S A T T
Tan AR ST %
4 3..»-' PR

RN o
i o 1ol s 4
R AN
: g A s
- Togl .g‘.‘z‘. o
¢ ° R
A ey °¥ L v
BC/Water/K*/SO >

H-bond in BC: 1.21

BC/Water/K*/SO,/OH-
H-bond in BC: 0.68




image25.png
(%) Aduaioyya uonepesbap dio

o
o o o o o
= o0 ({o) < N o

O

Q 0 Q : Q
N - - o (=
(,-U z-w BY) ajes uoneisodeny

In Dark

10mg 20mg 30 mg

5 mg

20 40 60

Time (min)

-20




image26.png
(%) Aduaidiyye uoljepelbap d|9

-
o - - - -

S o0 (o’ < N o

O

(= LD (= LD (=
N - — o o
(;-Y z-w 6)) ajes uoneisodens

0.4gL' 05gL"

0.2gL" 0.3glL’

Time (min)




image27.png
o o0 (o < N o
—

(ulw) awi} asuapisal aAIdILT

14 18 22 26 30
Flow rate (mL h-1)

10




image28.tiff
a 440" b
1 1.0e7
3410 —— Before degradation
2 ] 9 80e6
2 —— After degradation -
104 6.0e6
‘2 2410 g e
1 40e6
14104 y = 2.28995e5 x + 5.05622e5
2.0e6 (r=0.99806)
Y T T Y T 0.0e0
0 2 4 6 8 10 5 10 15 20 25 30 35 40 45

Retention time (min) Concentration (ugiL)




image29.tiff
«i0 s -
- miz=362 R miz=280
'
3
1
2 1721340 »
106, 1013 123.0805
o 5004708
. 21104 i T 152.14060
0511 N P 043081 6, 1201 oz s 3
N Ll R O ¥ AR o A N ad Ll
S 75 100 125 10 15 200 25 230 215 30 5 30 35 400 15 30 475 00 535 30 575 600 S 5 100 125 130 175 20 225 230 215 30 5 30 05 400 o 430 45 500 &5 50 515 B0
Counts vs Counts v
10 6 o ¢
262,08 =
1 o 262.0577 miz=262
s
o8
5
06
4
04
o2 120.0801 186, 1491 3582006 219901 24,0687
N . L WL N , 25,1096 455,080 5251227
S 75 10 135 130 115 200 235 230 75 90 W B0 3> M0 o 8 4T 00 S 75 100 125 130 175 20 235 280 205 300 325 0 75 400 o 10 415 500 635 50 615 60
Counts vs. Comnts vs:
0% 0t
226.1810 m/z=293 25 m/z=97
1 : 96,9615
08 2
.0
06 L
04 258,208 !
18
122.0800
oz s smas o5
. 1 1oL 266,086 . .
o Ll aidol UV | PP o gl i 3 s00.71

50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 530 575 600 75 100 125 150 175 200 225 250 275 300 3
Counts vs. Counts vs.

5 350 315 400 125 450 475 500





image30.tiff
o

o o o o o
o " oH F oH B oH

Oﬁ l . | P1 -_— | — HO\ . | P3
HN I A(mlz=362) A(mlz—334) A(m/1=293)
l

) o o /
|/\N N CIP | P7 H N P4

m_J L miz=332) "’ H (miz=262) ’ miz=269)

o o
F.
CH, F.
OH
D\) Y, — O/ P8 I ps

/2=97
HO A(mlz—ZSZ) W miz=en) H N (miz=223)

l

CO,, H,0

/=o




image31.tiff
With:





image32.jpeg
Without:





image33.png
Intensity (a.u.)

NaCl: PDF- #05-0628

Without

10 20 30 40 50 60 70 80 90
2 Theta (degree)




image34.tiff




image35.tiff
With:





image1.png




image2.tiff




