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["ig 2 Anhydrous ethanol dispersions(a), XRD patterns(b) and UV-Vis-NIR absorption spectra(c) of SG and the CG series

E2  SGRCCHRINATK ZEL B (a) « XRDE (b) FHEE 4] T~ £LAML S G ()

(a) 0S (c) 150 b 1 g 1 a @
135.2° 136.8° 135.4° 125.5° W
—_ (o)
< o
E——— = g L
~ = M ¢
S 120} LR ===
ONRE , 2 ¥ —="
= ¢}
90 : 0 : :
] 97, 0%,9 75, y 02;5\a 41000 3000 2000 1000
o B, o T
. 7 . Oy,
6@,% e, 2, 0(,@% CO@/)/V Wavenumber/cm™!
Samples
(© cl
/\H\/\Si;’ . hydrolysis Lol
LTl —/) y

Cl

Si~on

OH

Si

AN

Si_ HO=Si—O=si”
0o 07 on 00 o g0 070
A | | |

(])/(;)\

P

ol OH OH OH OH OH

o/

3 PFAIOTS-CGEPF R FIIKHELARA (a-c) . OTS-CGEPFIIZLAMEHEIE () FIOTSTEPFRTH H AL F s AR 2 TR RS R R B (o)
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of the formation process of self-assembled hydrophobic coatings(0TS) on PF surfaces (e)
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Fig.4 Schematic diagram of the custom-built solar evaporation testing apparatus(a), UV-VIS-NIR absorption spectra of the
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Fig.6 Outdoor operation photograph of OTS-10-CG@PF (a), daily freshwater yield and evaporation rate over 14 days of cyclic
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comparison of the photothermal layer on Dayl and Dayl4 of the outdoor cyclic test(d-e)

K ICP-OES % TR AL 7K BE A B o ik B (P 7 Cad) IR A A RS M7k Na™ Mg . Ca® Al
K™ A 3 1 B8 40 AR AR B9 10 390.1 330,420 1340 mg « L 'f& % 23.91,1.51,1.14 A 0.65 mg+ L ', &
TR REE T 99% 4 W48 b 47 A A T4 40 8L (WHO) SRR K AR &F & Ph?T L Cd*" LCr®" (N Al
Cu*" W HE 48 KB 7(b) b5 45 8 T i W EE AR T 0.02 mg » L', KR E T 9920 76 4 # H
FE(MB) % P B(RhB) A1 R (MO) 85 G2 b2 K B (B 7 Ce-0)) 5 Ee Ak 5 /KRR I 0 O BE i 2R 1%, HL
W5 TC 0,35 B, 3 W78 R e A0 G RE A /K Ak 35 T B S 2 1 .

3 4 &

AT LUK S W0 A A JEORE i 3 T — Rl A Janus 45 H4 8 K BH BE 9K 3h L 1w 7€ & 2% (O TS-10-
CG@PF). HAEARRDEH 4T (0.5.1.0.2.0 kW » m ») 5 R BE KB W h (10 % F1 20% NaCl W) ¥ B A
I 7R R PR FE SR 14 d BRI K P A S 2 S S I, LR S O R R 10 2% k IR NP R B 1% %
S 38 P v b B K K 22 o A B K CIn B ALY RS A TR B R KO I A AR TARESEEL T



x5

% 3

i b R, A T ool i A Ak H Janus B AR K B A T & A4 3 K 1A Rk K AL 27

“LABEAR 7 i T Rp 22 B8 X T 2% ik 4 BRI OK S L HE 3 18 37 W00 20 ) T LA ST e 2 A 9 K Ak B R B
A7 R S (E S T

(1]

2]

(3]

[4]

(5]

[6]

L7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

10°

10°

= " (a) M Before desalination = Lot - (b) M Before purification| (c) — RhB
= 10' f After desalination = B After purification .
Y Y 3 L — Purified water
c . 10°F ® 10 o
£= . ET 1} £
= = 10 F = = <
S .ot N
R ! :
o 100 b 15} 10 | =
w w
K 107 F Kk 102t
- 102 - 102 L N s L
Na' Mg*  Ca® K' Pb*" Cd** Cr® Ni?" Cu* 400 500 600 700
Ton Ton A/nm
@ o e _w o/ RhB MB MO
— Purified water i ified wate
. . Purified water
2 2
5] 5]
= =
= =
2 2
w w
= =
= =
400 500 600 700 400 500 600 700
A/nm A/nm

K7 B AR AR S B A I B T BRI FE (a) o BUDLE SR R AN A6 K K R B T BRI EE (b) « RhB+ MB. MORekHT K 2UAL AT
JE R AT TR P (c—e) AP RNTAKR L RT IR I (0)
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A Janus photothermal evaporator based on coffee grounds biochar for
highly efficient and salt-resistant solar-driven water purification

Liu Shanhu', Liu Xiaoyu', Zhang Panpan', Xing Fang', Xing Ruimin®

(1. College of Chemistry and Molecular Sciences, Henan University, Kaifeng 475004, China;

2. School of Energy Science and Technology, Henan University, Zhengzhou 450046, China)

Abstract: In this study, the carbonized coffee grounds biomass nanomaterials (CG) were derived from waste coffee
grounds through pyrolysis, then used as a photothermal material. The hydrophilic phenolic foam coated with CG(CG@PF) was
further treated with octadecyltrichlorosilane(OTS) to achieve surface hydrophobicity, ultimately creating an evaporator with a
Janus structure. This evaporator consists of an upper hydrophobic layer made of OTS-CG photothermal material and a lower
hydrophilic phenolic foam(PF) water supply substrate, resulting in an asymmetric wettability configuration. Experimental re-
sults indicate that when 10 mg * mL ™' of CG included in the coating, the as prepared OTS-10-CG@PF evaporator exhibits op-
timal performance. Specifically, it achieves evaporation rates of 0.87, 2.52, and 3.67 kg * m * » h™' under simulated solar
irradiation of 0.5, 1.0, and 2.0 kW « m™*, respectively. In outdoor experiments, this evaporator produced a daily average of 1.29 kg *

—2

m ? water and demonstrated no significant salt crystallization over 14 consecutive days of cyclic in simulated seawater, indica-
ting good salt-resistant performance. Moreover, OTS-10-CG@PF demonstrated excellent purification capability for wastewater
containing heavy metal ions as well as organic dyes, highlighting its potential application in wastewater treatment.

Keywords: photothermal materials; biomass; Janus structure; interfacial evaporation; desalination
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