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Abstract: Solar-driven interfacial water evaporation technology, as an important approach for efficiently and
sustainably generating clean water, is one of the hot research topics in the fields of materials and environment.

However, the lack of low-cost and high-efficiency photothermal materials remains a key challenge for the
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widespread application of this technology. In this study, manganese dioxide (HMO) was uniformly grown onto

camellia-derived biocarbon (CC) as the support and structure-directing agent, forming a manganese
dioxide/biocarbon (HMO/CC) composite with low crystallinity and rich in defects. The resulting HMO/CC exhibits
a high solar absorption efficiency of 94.2% in the 250-2500 nm range, as well as superior photothermal conversion
capability to single-component HMO. The HMO/CC-MCE photothermal membrane assembled from this composite
and mixed cellulose ester (MCE) filter membrane displays excellent hydrophilicity and photothermal conversion
capability, achieving an evaporation rate of 1.505 kg:m >h' and an evaporation efficiency of 92.47% under
1.0 kW-m* solar irradiation, which is better than those of HMO (85.00%) and CC (82.64%), and 9.9 times that of
pure water without membrane. A three-dimensional HMO/CC-PU evaporator was then fabricated by integrating
HMO/CC with polyurethane (PU) sponge, which can achieve a surface temperature of 68.3 C within 600 s and an
enhanced evaporation rate of 2.274 kg-m >-h™'. Additionally, the device maintains a stable evaporation rate of
2.271 kg'm >-h " after 15 cycles in a model seawater. In this study, the approach using biomass-derived carbon as a
template to construct composites provides a valuable reference for the development of novel photothermal materials
and their applications in desalination and wastewater treatment.

Key words: manganese dioxide/biocarbon; photothermal material; solar-driven interfacial water evaporation;

desalination
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1 CC. HMO 1 HMO/CC [¥j SEM Hll TEM A
Fig. 1 SEM and TEM characterizations for CC, HMO and HMO/CC
(a-c) SEM images of (a) CC, (b) HMO and (c) HMO/CC; (d-f) TEM images of (d) HMO and (e, f) HMO/CC;
(g) HRTEM image, (h) SAED pattern and (i) EDS elemental mappings of HMO/CC

a occ] [® G D umo/cc] [ (o ~—— HMO/CC
- 1610 1371 634 — HMO
- = 580
: 3 3
Z 3 HMO & £=2.004
= 576 =
z HMO | > mewwwuwwwfiw 2z
2 2 2
g 1
B Lo, b E 693 1361 £
|| MmO, PDF#4-0141 cC
| n n 1] 1 n i L = L L L L L L L L L L .
10 20 30 40 50 60 70 80 S L P S &S 3480 3500 3520 3540
20/ (%) R N Magnetic / G
Raman shift / cm™!
Mn* Mn2p Ols —
@ gs470 Mo Igg‘; 0 16\/}6”1 a © . Mn-O ® c-0 2(8:4.(8:0 els
5 HMO/CC 653.55 N o-we-0 'G5 Q s | C=0 28585
H -_ Mo 3 533.55 HMo/cq 3 | 288.80 HMO/CC
~ S - _ el
2 " N Mn-O >
= Mn* Mn* | 2 2 Cc-C
E| 65495 Mn 64340 s g Mn-oH 33010 Z g 284.80
E | aMO 654.15 g g 53165 £ C=0  286.15
— S - M| & 532.95 288.65
‘ . . ‘ . e HMO - .. CcC
660 656 652 648 644 640 536 534 532 530 528 290 288 286 284 282
Binding energy / eV Binding energy / eV Binding energy / eV

K2 CC. HMO # HMO/CC K] XRD. fi%8 . EPR #l XPS 45 %
Fig. 2 XRD, Raman, EPR and XPS results for CC, HMO and HMO/CC

(a) XRD patterns and (b) Raman spectra of CC, HMO and HMO/CC; (c¢) EPR results of HMO and HMO/CC; (d) Mn2p and
(e) Ols XPS spectra of HMO and HMO/CC; (f) Cls XPS spectra of CC and HMO/CC. Colorful figures are available on website

BRI R D 4 G 7 o D AR B B SR M5, CC M D5 G i th(Ip/lc) N 0.84, 1iH
LT (sp® Z24b), T AEVRMRERTRE  CCEHEH MDA B 2 AL B S BRI R R
A 5240 S84k Gt I A7 SR Ak % P T HR 3 (sp” 4l HMO 1E 643 H1 576 cm ™' &b H Bl Hr SR BhIE, 4>
Fet), WETMAE R GFER D RGP A SN @i X MR T (a-MnO,) ' Mn-O B 22 [ X F

J. Inorg. Mater., 2026, 41(7): 974-982 www.jim.org.cn



978

AL M OB IR

41 %

LGRS (A1 1 30) A1 Mn—O-Mn #7481 R X PR IR 3h
E M), 5 cC B &R, HMO/CC 43 HI7E 580+
634, 1371 F1 1610 cm ' &b XL I BHRBHIE . £7TF 1371
A 1610 ™' AL (RPN IE N BRI D HF1 G 5. 54
CC AL, HMO/CC A 5 & 1) w5 38 K07 ) (i % £
7em ', WHHTZE S MnO, 2 [ 7775 H HAE S gt
4F, HMO/CC H[1) MnO, 54l HMO #HLL, W47 K AE
W2 (643—634 cm ', 576—580 cm'), WAl
MnO, FEA&IE A B AS . Z5 4 K 2(a)f) XRD 45
HMO/CC 45 i BE 1 [ 725 Wk 25 A R1 A 3R il AH B0k
M2, SECRAT R IAEHES Z 213030 dESAH
[ Y 3 o e N i s 3 = A L E VA= 2 VA
%R TR 3L AR (EPR)IE (B 2(c)) & 7n, HMO
FEFEAMR X 0] A B 8455, 1T HMO/CC £ g=
2.004 b H AR EPR 5. ZAME SlE 5ES
RE(Vo)s Fm BB i At A e, X3 B e
T EMBEFEF, 518K 62 i 154 &R 6
LS ARG 2 A 5L HMO, Hs i
SERE BRIRIREERAG. 456 X FHLOLHETIEXPS)
SITRTED, 5INBR T EM RLA O FE PRk s i 2
MR ASEM . M )it E, WiE -S4
LA R IRAERGERY, Bera A BT R T
A7 R A 5 R S e AL, AT o Bt T 381 i A A 2 1
HL 2% O I FAE I R K A A i B A o AR
FIH XPS #t—FH#7= T CC. HMO fil HMO/CC
) 76 2 AN AL 220k 45 Min2p XPS A& 40 (B 2(d))
E7~, HMO/CC 45 &R T 643.30 F1 654.70 eV
[t T Mn*", 642.10 1 653.55 eV Ak (I B
F Mg HMO SR Mn* i B
643.40 Ml 654.95 eV Kb, %FK T Mn** g fr T
642.45 F1654.15 eV 4k . 5 #.— HMO #H tt, HMO/CC
th Mn A0 RS HE AR, {H Mn®/Mn* A 5
WK 2(e)fT7R, Ols XPS il ] LIl & A =

— e e
(= S A

£ 0.8

0.6

2 3—CC 0.4
< 04

> Jo2

0.2 0
0 500 1000 1500 2000 250?)0'2
Wavelength / nm

Spectral irradiance / (W-m2mm™)

A A& A Mn-0, 07). BRIE%E (Mn—OH,
REARACAL) WIS A BAE VLA, 2306 F
529.80. 531.80 1 533.30 eV A 4. HMO/CC
b LS A BE(529.70 eV) EL4l HMO (530.10 eV)IS I,
X ] RE R RO ERFER I T Mn-O 8 g AT =
R, MMk 7 H4 AR [FB, HMO/CC fii T
531.40 eV & 47 BT AR b5 LEAR ST 40 HMO 2 35 18
o456 E3CH EPR DL Mn2p XPS 25 50T LUHE T,
HMO/CC & [ A7 7E 52 i W FE 1 48 28 Ar P, X R R Ay
Rl R BRI Mn—O BEITSY, Sk ik P>,
L4k, HMO/CC ] C=0/0-H I M\ 532.95 eV (HMO
) O-H W 5h 3] 533.55 eV, W T 0.6 eV, X5
HMO/CC "1 3R [ Hk [ LA K Mn 5 O=C 4 11 AH B.AE H
5. fEE 2(HH, HMO/CC I #i% Cls XPS
itk B LA & ) C—C. C-0. C=0 =AMk, 435
frT 284.80. 285.85 1 288.80 eV, HEH] T MnO, 5
C Ihgs &1, 5 cC Mk, HMO/CC w Cls 454
AE U [ A% 1T ik 5 Mn—O-C BT il .
2.2 HMO/CC E&#HIEI e H Ik gE R R 4
T T AL 1D S I WSO 2 460 B 7 A2 ke v 28 R iR
KRR MEREM A 2 . ABFFEINK T CC. HMO
A HMO/CC [584h-7] WL -3 214 (UV-Vis-NIR) K 1
A SHE s (B 3(a)s B S2(a)). MEDEIRILER K
THE RN AR S3 o, FH A IR TH 55 45 51
% S1, e LA S2(b). HMO/CC 7 UV-Vis-NIR
T8 BN RO E TS R IE B 94.2%, 6 IS RE B AR
FH— CC M HMO(KE 3(a)). HMO/CC 7EL4MX
(<400 nm) e % (6.4%) 5 CC #IF, 4l HMO
(5.9%) & =15 76 1] ILY6 X (400~760 nm), HMO/CC 1]
HR A 47.0%, =T CC (46.6%)F4f HMO
(44.8%); HMO/CC TEITL 4N B (>760 nm)if)
K (40.8%) BB & /5 T 46 HMO (40.2%)F1 CC
(40.0%). XFEERE CC 5 MnO, b FEEH

N

® A

% HMO

N
+/ HMO/CC
O }

400 450 500 550 600 650 700 750 800
Wavelength / nm

w
T
-

Counts, x10?
)

—
£

K3 CC. HMO Fil HMO/CC It % 1k g
Fig. 3 Optical properties of CC, HMO and HMO/CC
(a) UV-Vis-NIR absorption spectra of CC, HMO and HMO/CC; (b) Fluorescence emission spectra of HMO and HMO/CC
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Table S1 Absorption efficiency of CC, HMO and HMO/CC for spectra in the range of 200-2500 nm

Sample Totalh uv Visible Infrared
absorption (<400 nm) (400-760 nm) (>760 nm)
Solar spectrum 100% 7% 50% 43%
CcC 93.0% 6.4% 46.6% 40.0%
HMO 90.9% 5.9% 44.8% 40.2%
HMO/CC 94.2% 6.4% 47.0% 40.8%
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Fig. S3  Water contact angles of membranes
(a-c) MCE; (d-f) HMO/CC-MCE; (g-i) PEI-MCE
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Fig. S5 Comparison of photothermal performance for HMO/CC and other materials
(a) Mass changes of water for different photothermal materials; (b) Mass changes of water for
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Fig. S6 Cycling and salt-resistance performance of HMO/CC-PU
(a) Evaporation rates under 15 cycles; (b) Mass changes in natural seawater and brine with different concentrations;
(c) Salt resistance performance of HMO/CC-PU aerogel sponge
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