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Abstract

The supply of freshwater is dwindling, and there is a huge challenge in meeting the growing demand
for clean water. Solar-powered interfacial evaporation technology can be used for desalination and
wastewater treatment, ensuring freshwater security and using renewable energy. However, during the
evaporation process, hazardous substances such as volatile organic compounds (VOCs) are enriched in
condensate, posing a significant threat to the safety of condensate. Therefore, solar interfacial evaporation
technology still has challenges in realizing integrated condensate purification and removing high
concentrations of pollutants from raw water. Based on this, this thesis utilizes cheap and readily available
biomass from nature to prepare photothermal materials by compounding with metal oxides (CuO, Fe,O3).
An interfacial evaporation-Fenton-like integrated solar evaporator was constructed, which can be used for
desalination in phenol-containing salt-containing wastewater and in-situ removal of volatile organic
pollutants while realizing efficient water evaporation. The main research results are as follows:

(1) Cotton stalk carbon loaded with metal oxides (MO@CSC) was prepared by chemical co-
precipitation using cotton stalk as the precursor. The material preparation conditions were optimized by
examining the evaporation performance as well as the pollutant removal performance of MOx@CSC. The
combined performance of metal oxides on photothermal evaporation and pollutant removal of cotton stalk
carbon was also evaluated using a multi-objective decision-making method. CuO@CSC has the best
comprehensive performance and the evaporation rate at a solar radiation intensity of I KW-m (1 Sun) up to
1.48 kg'm2h'! with an evaporation efficiency of 73.66%. In terms of pollutant removal performance,
CuO@CSC successfully catalyzed the generation of hydroxyl radicals from hydrogen peroxide and in-situ
removed phenol at the solar evaporation interface through the fluid convection induced by the Marangoni
effect at the interface. The removal rates of phenol in condensate and raw water were 96.30% and 68.33%
for 10 mg-L! phenol, respectively.

(2) Corncob was used as the precursor, and the composite was obtained by loading bimetallic oxides
through the chemical co-precipitation method and synthesizing aerogel (CuO@Fe,O3@CC) with sodium
alginate (SA). The conditions for the preparation of CuO@Fe,O3;@CC were optimized by examining the
evaporation properties of the aerogel. The addition of Fe2O3 reduces the total amount of metal oxides and the
content of heavy metal copper and enhances the photothermal responsiveness of the material, the evaporation
rate of CuUO@Fe>O3@CC could reach 2.06 kg-m-h! at 1 Sun with an evaporation efficiency of 89.96%. The
efficient evaporation promoted the Marangoni effect of fluid convection at the interface. At the same time,

the removal of condensate was 98.40% for 10 mg-L-! phenol and 63.80% for raw water due to the synergistic



effect of Cu-Fe bimetals for Fenton-like catalysis. Meanwhile, the removal rate of salt ions can reach more
than 99.70%.

(3) In response to the problems of salt precipitation and low evaporation rate under low temperature and
low light in the previous chapter, a Janus-type evaporator (c-CFCC/PDMS) was obtained by modifying the
structure of CuO@Fe,O3@CC (CFCC) aerogel with PDMS as a hydrophobic agent. The evaporation rate of
c-CFCC/PDMS with vertical pore structure could reach 2.68 kg-m?2h' at 1 Sun, and the evaporation
efficiency was 94.2%. The unique Janus structure limits the salt crystallization caused by evaporation to the
hydrophobic/hydrophilic interface, improving the salt resistance of the evaporator. The construction of the
photothermal-electrical heating system greatly improves the evaporation rate of the material (3.61 kg-m-h-
1. In terms of pollutant removal performance, for 10 mg-L"! phenol, the phenol removal rate in condensate
and raw water was 99.84% and 80.00%, respectively. For 100 mg-L"! phenol, 46.75% phenol removal was
achieved in the raw water. For the system with inorganic anions, certain concentrations of CI" and NO3
showed the promotion of phenol removal, while HCO3™ and Br showed different degrees of inhibition. The
COD removal in raw coal washing wastewater and condensate after c-CFCC/PDMS evaporation treatment
could reach 83.36% and 99.75%.

Key words: Biomass; CuO; Fe>Os; solar interface water evaporation; Fenton-like



JB T ettt e ettt ettt sttt eneees I
g N 0115 ¢ Tt AP SPSOPP 111
H R ettt ettt ettt sttt ettt et ettt et s s s s s s s s nnans \Y
L = OO 1
Ll ] B ettt sttt ettt 1
R N R =2 T E o 5o NP 1
1.2.1 JEBEBINFUIZE IS oottt 2

1.2.2 ARBIB I ZE IR RS <ot 2

1.2.3 FNNFIZE RS oottt 3

1.3 RBHBEFL I ZE I TEIR oottt 3
1.3.1 FERBREBIETHLH .ottt 3

1.3.2 ZERIERETITE I oottt 7

1.3.3 KPHAE T ZE R FEARIEISLF oo 9

1.4 KFHAEF AR ARG EBEMEARIIFES e, 10
141 JERIGHEILAR ZR oot 10

1.4.2 A BRERER AR B 10

1.4.3 YEFRFenton A ZR oottt 11

BRI N Va1 T = OO 11
1.5.1 ZRIB SR T2 oottt 11

1.5.2 FEARBEZL oot 13

B 2 B B J7T et 14
R OO 14
2.2 SEIRZH IR AN IR (oot 14
BRI 1 OO 16
231 ZERMEBEMIEIR .oooveeeeeeeeeeeee ettt 16

232 FIFEBRIZIE (R oo 16

233 FEMEBREE (FIZEID oo 16

234 FEIRIIZR oottt 17

2.3.5 FEBEZE (R oottt 17

2.3.6 IKITG G EE BT IE ovoveeeeeeeeee et 17

A (1L v 17



R 70 =1 =TT 19
3.2 TR ceoveeeeeee ettt 20
3.3 B R T I oot 21
3.3.1 Hl8 ZESTARHEBE AR .cooovoeeeeeee e, 21
3.3.2 FAELE R IIHTEITIR oo, 31
333 ZERMEBEIIHT HITIL oo 36
3.3.4 VGG F R IERE T T TE oo, 38
3.3.5 PRM S FHAZE R IERE S HT G IT I oo 40
33.6 BAPERMEBE DI HT GETIE oo, 42

B ZRBEIINGE oot 42
%4 5% CuO@Fe:0:@CC K THEEI [ 25 S 2R RGBT TC oo 44
=T =TT 44
S L PN 44
43 GERGTTR oottt 45
4.3.1 8 ST ZERAEREITEEM oo 45
432 FAELE BT GITIE oo 50
433 FRTEBE T GITIE oo 53
434 V5 BRTERE AT GITT oo 56
4.3.5 BHNFERMERE T EIT I oo 58
B4 TRFEEIINGE oottt 59
%55 & Janus G5 TBBROGA-PEE G AR RGHITITC oo 60
70 =1 =TT 60
5.2 TZIR T T oottt 60
5.3 B B T U oottt 61
5.3.1 B AL BT 28 AL RE L AT WD BR IR .o 61
532 FAELE R IIHTEITIR oo, 66
533 ZBREEEME S ERTESE R G HT oo, 68
534 TG EBRIERE DI FIT T8 oo, 69
5.3.5 J-H IR R IERE M 1T oo 73
5.4 ZRBEIINGE oot 75
A - T 76
0.1 ZETL oottt ettt n e, 76

Vi



VI



F1E Hip AAFAFWMEFMILT

1.1 515

M BRPUE A e Tl Al . N LA I Bk, 5 a] Rk
IEAEIRAD AR R 7K B AS TG K 75 >R 7 T T e BRI T B AR EOR, &
FEA, Bl sl Rg@Ell, g RS b EE T, R KER
ALK UL VIR K OB o SR, IXEEROR S PR BN 52 2R BB A & 3t
PRI 25 BEAE (5-8kW/m™) AJRRMHICT. KBHREAE N — R Z AR FlZ AN ) 2t m] ff
AR, JvHERIROE VR EAVRIRE R .. LUE SRS AR B8 5 1 28 K R H g KA A
JRAKAEEE, PRAE T RK 224, [ AR T AR GEREIR A U, e 2, KB REYRE]
28 R BARAEA BN EERAWE I, 3 SR C AR 85 B B K, X530 K
HHI g5 1 OCRRRERTTERE /T LLEORBIBE AR K . SRR LE,  F i n#dE K
- L RERS A A ANRE, JRR AV IRR AR, 28GR IG5, AR IR
‘%—[14]0

BRI, BEAE KR RE S I 28 A BT TUIZHTR N, L — AR PR RE 28 A C 2 Xk LA
AREBR TR R, TABKEHEE. B, AW, LEERIEFILEM(VOCs),
PR SE . EPUEZE AR, IR BT AN AR S A T AR L, BT
I BEK R RAER K o L, KPR BE S I 28 K e BLAL SEILER B 1 /KL LA
L FE RS R BT G 5 BT T IR AE PR . BeAh, 2R o #hdr LA
R 996 A SREE T PRER ) 1 KPR e S AR BRI - I, IR BAT 2 TIRere et
RS A BH R T 78 5 R JRe F) B LAY

1.2 KFABEIRENZR & IE AR

XA REBR B 28 K e AR R R A B g /v BT, 8 SR IUK B BB I 40 9 e,
FEAS T A IR B R P2 AR K YR, AN 2B P9 v (R 7K UST o AR S FAMA B K FH i 28 R 2%
HALE, TTRA A =R RN ZE A 38 . PRAR N #A B 28 5 2% DL R S T I 4 )
R A, WE 1-1 s



F1E Hip AAFREMIFILN

Solar energy
Sunlight
a b
.~ e - \’ -~ ~
Heat
¥
({
High T
Low T
\__——/
Bottom heating Bulk heating Interfacial heating

B 1-1 AR ORI RE AR A ERU4. (a) JIREDINAIIZR R 5. (b) BN KA. (o) FHRIIMIRIZE KA
(T- D)
Figure 1-1 Solar evaporators under three modes. (a) Bottom-heated evaporator. (b) Volume-heated evaporator. (c) Interface-

heated evaporator (T-temperature)
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Figure 1-2 Conversion mechanisms of photothermal materials. (a) Plasmonic heating. (b) Electron-hole generation. (c)
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Figure 1-3 (a) Schematic of Au@Ag-Pd/PS Janus nano-micro structure-based interfacial solar evaporator, (b) Schematic

illustration of the purification mechanism of the MXene/CIS composite photothermal membrane.
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