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CONSTRUCTION OF CARBON FIBER BASED

PHOTOTHERMAL ELECTROTHERMAL CONVERSION
MATERIALS AND STUDY ON THEIR INTERFACE WATER

EVAPORATION PROPERTIES

ABSTRACT

Water scarcity has become one of the major issues facing the world,
especially in arid and semi-arid regions, where it affects people's quality of life
and socio-economic development. To address this challenge, the development of
seawater desalination and wastewater treatment technologies has attracted much
attention, among which solar driven interface evaporation technology (SDIWE)
has become a research hotspot due to its low energy consumption and high
efficiency. However, most existing interface evaporators use traditional materials,
which still have problems such as low efficiency and poor material durability.
Therefore, developing new efficient and environmentally friendly photothermal
electric heating materials to improve the performance of interface evaporators is
a key issue that urgently needs to be addressed.

This paper i1s based on the excellent broadband light absorption and good
thermal and electrical conductivity of carbon fiber (CF), as well as the good water
conductivity of natural ramie fiber. Using CF as the water evaporation layer, a wet

laid mesh and laminated combination method were used to prepare it, and a water
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conducting layer was prepared by Janus modification of ramie non-woven fabric
to construct a carbon fiber based interface evaporator. The water evaporation
performance was studied, and the interface evaporation ability was improved by
applying voltage and modifying CF to achieve a photoelectric coupling effect.
The evaporation performance of the evaporator and the treatment effect of
seawater, dye wastewater, etc. were studied. The main research contents are as
follows:

(1) This article selects recycled carbon fiber and prepares it into powder and
fiber felt forms for use as a photothermal layer. Two different non-woven fabrics
are used as the water conducting layer, and Janus modification is made on them.
The research results indicate that recycling carbon fiber as a photothermal layer
can effectively improve the evaporation rate of water. Due to the stacked structure
of carbon fiber powder, the evaporation efficiency is improved by increasing the
evaporation area, showing significant performance advantages. The evaporation
rate can reach 1.56 kg-m™-h™!. In the 8-hour cycle test, the evaporation efficiency
was maintained at 1.5 kg-m?-h™', proving its long-term stable working
performance. Finally, by applying voltage to both ends of the two samples, it was
found that carbon fiber felt exhibited better electrical heating performance.

(2) Based on the above research, in order to further improve the evaporation
efficiency of the sample, a photoelectric coupling interface evaporation form and
polymer modification of the carbon fiber felt sample were adopted to enhance its
photothermal and electrothermal properties. Research has found that polymer

modification methods significantly improve the conductivity, mechanical strength,
\Y
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and photothermal properties of carbon fibers. The evaporation rate of
polydopamine modified carbon fibers (CF-PDA) increased by about 20%
compared to CF, while the evaporation rate of polypyrrole modified carbon fibers
(CF-PPy) increased by 52% compared to CF. Under the conditions of electric
heating and photoelectric coupling, the evaporation efficiency of CF-PPy also
reached the highest, which were 3.20 kg-m=-h™"' and 5.36 kg-m™-h™!, respectively.
The methods of modification and voltage application have brought greater
possibilities for the practical application of interface evaporators.

(3) Based on the CF-PPy group in the above research, the specific practical
applications were studied to explore its potential in fields such as seawater
desalination, dye wastewater purification, and water quality improvement,
especially its high efficiency and stability in solar driven optoelectronic coupling
interface evaporation. The experimental results show that CF-PPy evaporator
exhibits excellent evaporation performance and water treatment effect in different
water quality environments. And the outdoor evaporation devices built can also
smoothly conduct water evaporation experiments, providing a more efficient and
economical solution for the sustainable utilization of global water resources.

WU Hao(Material and Chemical)
Supervised by RUAN Fangtao
KEY WORDS: Recycling carbon fiber; Interface water evaporation;

Photoelectric coupling; Evaporation efficiency; water treatment
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2 NBTIDUBRA AR N EAE, fESL B354 TiOo, A1 TIN 9Kk, #7177 X6 K BH R 5 i
W 28 2R AT IR 97.42% K K BHARSS, 1 ANKPH 28 R F riA 1.525kg'm>h'. Zhu
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Fig.1-1 The mechanism of photothermal conversion in semiconductor materials
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Fig.1-2 The photothermal conversion mechanism of carbon based materials and polymer materials
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Fig.1-3 Schematic diagram describing the photothermal conversion mechanism of metal nanoparticles
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Fig.1-4 Schematic diagram of surface modification of carbon fiber (a) Original carbon fiber (b) and (c)
Carbon fiber modified by hydrothermal treatment (d) Insoluble intermolecular aromatic amphiphilic
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Fig.1-5 Application of biomimetic structures in evaporators (a) using cotton swabs to mimic lotus leaf
structures [ (b) carbon fiber bundles to mimic plant evaporation systems (52
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Fig.1-6 Growth of other photothermal materials on carbon fibers (a) Schematic diagram of Cu NPs/CFs
preparation [331 (b) Schematic diagram of CFs/CNTs preparation [>4]
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HERWZE CF LR KR S AEMR UG AGRA . T5/KAEHE . KA = MUK BH Re A 7
THR H5 BB G EH

Sea water

Insulation
foam

K 1-7 ZJZ CF Bah 28 KA )

Fig.1-7 Multi layer CF driven evaporation devicel*’]
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R W, WA E R R, I HAE R e, w7 AEKTH b
K [EAAE, AE RS RREN, NESZERAT. R4S . Wu 55
SR AW % S BIAN NPT 7k, Bk 7 MR =4 H IR R R R A R . AR X T 5T
B, —MBEBFZRR B LG/ ZRERNKRE @K 2 EEWmT 4/ RERALD
(PVDF/MWCNTs @PDA-CF/PPS) KFHAE 2 KM, HHEi/K % PVDF /MWCNTs 4 iz
HA SRk = Y Bh 2 45 M 1) PDA XCPERT CF/PPS 214360 41 i in i 1-8(a) T B b7
WAHBUKYERHBERORZ, ORGP Z . T B2 MURe ) = 4E80 FE itk
58, EAMUE —ANRRIEAKGE, T H AT DUESHK, X R IR EDEIE R K E K,
Wb T PR g, PVDF /IMWCNTs@PDA-CF/PPS ELA i i 25 kK 2% (1.24 kg'm™?-h).
XA BT BRI AR R AR i T — AN E RS AR R TT 5 TS R 28 K
FE BV B, Xk Chong &FPOM H b /K ok b 41 4E S (CFM)H 2 £ I fik
(PDA HA REFCIRUPERER] CFM HEAT R ISP, il %8sk /K 1 CFM@PDA, HT
BIEA MR KA. B2 EENE R E R A9 PDA /£ CFM _ERRZ,
It H CFM@PDA FILH 96.7%H) = K BHIBIR AR . REF DG RN A SEK M, JGH
&Y CFM@PDA N T H N KFE(— M EEE K, B— M REAHNEEE LS P 1-
8M)N, BEHIRIKZE 26.35 g/h, JER aniif(7.28 g/h)i 3.6 f5. FEAUPHOE T (1.0 kW
m ?)CFM@PDA 2/ 1.79 kgm?h! IR ZA K, KFHAEZEKNFEN 92.6%. RIFE{H
FH iR FE (21.0 wt%) i) NaCl it T 28 & CFM@PDA 1] DA B4 76 K B 18] 436 (8 h) A ],
KRR E (2 1.80kg m>-hh), HWAERSMA, Kk, ARWFFEAGIEE 75 K M ) 6 5
il €775 CFM@PDA, i | 24k A R BRI 22 28 K b 1 — 28 S b B FH 6 35 it

+h
T o

L e

()i bydrochloride Fiber m\,‘ N
* dissociation f

PPS pulp 1 * \ e ] ' -
pren

J
P [E filtration @PDA-CF/PPS

‘r\{_u%? icea PYDE/MWCNTs
(b)
Smooth Rough
S PDA coating
g4 23
5mm _ ; 5 mm ,
vt 3 CFM CFM@PDA

K 1-8 BRETYEE 2K & %% (a) PVDF/MWCNTs@PDA-CF/PPS 5 & i1 55 (b) CFM L PDA #¥ i T
2 Ee
Fig.1-8 Carbon fiber membrane evaporator (a) PVDF/ MWCNTs@PDA-CF /Preparation of PPS composite

film>3] (b) Schematic diagram of PDA coating process on CFM [5¢]

BB B AT AEAE AR T BRI (N, KR BRETLERR 77, T PAIRNSC R 27 4t
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BT EE, ML E R 4 — OV A 4, AE A R T a4 =, A
2 58 4 AT AN FH 550 46 R BH RE 25 8 38 F . W Z5E073 I o) 48 £ Bk 2tk AT ik, i 2L
BABKMERGRZ, $195 7 Janus B, 2 SEKMEREREE AR &8 7
FAAL %15, F il £ 2 4L Janus 5. FEX PP T, Janus J5 B2 K M2 A T8 7K,
I B AR PR KN ARG B ZE R X3, [N TG B, sk 23 T3
PAZERIK . ST TE T B R Janus DGRV FIOK 28 R FeE . 4558, FFRI
FLA SRR AR AR K R Z W Janus JE(SCF @wPU) I, 7E 1 /NMRBHYGHR R RILH
29 67%HIK 5> 2R IFR o RGN SE AR FLIR R AR (R K W ia 57 T R 5 7 EEAEH,
B DR T KB 8 ZE K . Janus JERILH SRR A R E R, R BRI LA 1)
IKFERAAE 1 AKPEIYEHR R IR R MR . SRS, e ER B E b kK iE
ER, VARCRERAE/KZE R T . Wan SE08Me FH R4 4R A AR A0 5 — FE R S0 e 55 S R
SR FH TR 45 (15 3502500 4 T RSB K AR, a0l 1-9 Fos e FTfsph kb BAG A = (o v 1
FEEGEGE, HEflAmiks] 1550, ok, ElRRIH RIFHEREE R, 72 KFHAE
JERREE N, RMREFGELE 73.4 °C, ZAKERFIA 1.08 kgm?h!, BAHRIFFIKEK
PERE. THFUERI, 1XI)REMRZ SRS B A AR B BRUKIERE, 7ERFIOLIRT, BRyKEE
PEARACFER G5 7 120 2o &M AN E IR, X 6EER2 5 ms thd A T A 41 4t 3
MBLGRATAR. 452 4R. Togifo. WA EE). B KMBHERIK R E . BRIk
MEE IKZE R AR B A T R (4 S FH 155

Solar

irradiats
- “ > Drying - Q : Drying

y\\ d\\
~
N Vapor
. w
s | ~
Sample CP Sample FP-1 pe—— Sample FP-2
CFPs PDMS

1-9 i FIBRET Ay i 2 B eI HRp 1k (R SR 07 B RS 5 B8
Fig.1-9 Schematic diagram of preparing flexible biomimetic materials with photothermal conversion
properties using carbon fiber powder 8]

1.3.2 BRATUEERBBAFEERL LHNA

LGS H AT BN 2 FnE e —, ITTi RN B & O BE G . st
UEAE N — R PERe T4, HAAPEREARF LR ERRAT 4R SR B SRR PEAE A
Al B R E DT R AN [, S R 2% A S ETO0), X R p T T A e R
5175 S 2L

[l P 5 T B £ 4k R BRI AT 7846 T 2000 4F,  Yang %5101 DUSE PR M1 = e 21 4t o) A o
AR, BT TURRET 248 F AR ) 5 B PR T L SR AR R J2 s ) RS T PR A AR L A
BLAE R BH TR R . Dh 288 BRI B R R o Li S5 IOIE SSR HHEI2 FR B (S A) 14 2% ) B
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BIF, ¥R 4E(CHR AN E SIRE SR A VAHELR TFEMOF) Rk, 152 A4 [
BB RAE CF/AL-E SR EE/SA(CAS) KL . 7EH N FE JII, #RA K CF 7] LLE CAS 2
A P DL SR v B E A 4 A R DR AR BRI R B I #W(LEH),  UEBH T R4 4EAE FL A
AR W Bl 1-10 Fros .

Kl 1-10 TREF4E L AL A& (62)
Fig.1-10 Infrared image of carbon fiber electric heating (%]

TE S AT 27 2 AR DI AT HE T 5 dash 75 n S Ath F A 5 mT DLIE 2192 =y s AR RE [P
R Lee ORI T — B B4 2 ThEEAIHME ST AR, HA L5 Ak e A i
KT, 4 FH 458 (ND) B 24 (NPCF) . 5% i Tk B (PEEK) 73 #1922 B ik 90 K
(MWCNTs)F1 A /AR (S102/Ag) ER o T8I S 56 R B AR 7 (R #4 PR BB (138.9 °Co i
RN, 0.097 W/PCHN BB RR).,

TEBRET 4 AT AL AT T, AR TR IR 2 B IR IE (175 R 28 R REAEmS KA 2T
B, AR BHAERKBE RN, TSR KBERR IR 55 R KA E
MR IR R, PEE L) T ORI RS R AN o BT AT — Fh AR FE & PG Ol T Fp st
ORI 78 R 25 BOE L BN B R B 5 R A B (B 1-11) B er 4k el T H AR
S BE T DA A2 e AW R A BRI E AT Bk 2 24 14 % Wk 5] P A A B 8 5 1 7%
KA IR

e Photothermal Electrothermal
o

Solar panel Solar panel

B -1 RGO (2 4

[64]

Fig.1-11 Carbon fiber electric heating
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Huang S5O 17— P R A i MU B £ 4 (CF) PP RFEAT 511 26 R IS & ) I
TR AT Z, Wk 1-12 ZHCR D RZER ST 8 5 2% iU R Y
CF MAESRE AT AR, 7T USRS E MR ST 28 i Mk R, JorpmT DL
FL B 8\ D3 DAL E K B BE 32K o 3 R 5 728 R S8, ROBNZRAOE R IL F 1.36 kgrmy
ity ORFHIRSS TR 1 kW m 2 6 TOU A sl e B e, RCRSERERS . <%
IR TR BRI DL 772 T RGRBIRCR, AR AL T SRR R AR E R
WEFC, FHERMA DR BRI OL N 1R R 1 ACR . R LARE bl 7 2 A RS
ML RETAMTIRE, JRRHE SRR AT

Solar hght
simulator |

Precision scale Computer

/] 1-12 SRS R S PR )

Fig.1-12 Design of Optoelectronic Collaborative Evaporation Device [93]

FESEIL T ORI EIZE R ISR, 0 T /KAR S S 1R R g . R eh g —
TS K 272, Xu ZESR FIBRET 2/ K 42 2 A A T R8 E 8 A K I Eh RO,
HA ST B R gE 7, I R gm S HOR T I b vE e, R W& 1-
13 fivne BT RREF4E KK AR FRE BANEIRES, RULTER 5 IR 78k, BRIk
MNEELW) FZE KT TR EEETE D 75 1 AR, P78 Aol 2 M 78 K 33 393l
N 1.84kg m>-h! Fl 88.8%. it in/b & HL (G VIS, i Z K RARFFIE 1.88 kgm
2ht Pk, JEHAE ARSI TR R R e RE . E S RAIEIESEITIRE LT, KR
AN SEETAG YRR SRR, XTI LS R A BT i ke e IR K Ak
ARG K IEE
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Solar radiation Water flow 48 Heat transfer

pm——
\-————_‘

Vapor Water molecule

B 1-13 SRIKPER L2 27 YEANRR 2T 4 1) 2 ZR166)
Fig.1-13 Weaving of hydrophilic Tencel fiber and carbon fiber!

Zhao ZEMEIFIFEIE T — AN = 4E 4 KA K [H A 28 K # 1d h A - 52 R BE-TIO@PPy
SR (ZCTP), @A 7 S RA B, FoA e m FLHER 254, T DA Akt
SRR FHREIR BN AKIF Ak . BB B, i R LT 4E N2 1Y) ZCTP B I K iz AT ]
PAFE 7> FIH R FE B8 E R WCAE T BE &, DARR S K FH AR R AR i A Il 3 . 25 3R,
ZCTP B HIK 0 25 R EFE AN 1.66 kg-m2-h!, 76 1 RPHGIRS R o JeBEA B B AE 1)
EMRGFHHNHIE 1 ADTHCRRES 5V B4 T2 R EZA] LIk F] 11.70 kg m™-h°
LB B RAEFR SR H I . Ak, JEE G Sh Tt ZCTP RUBIR R e R R
SEPERIT] E R M, BMELES 20%NaCl 7K At 2 an i 28 & FE A BE VR UK 1 5
M 5 /)~ o

T eI 2 K A E e, RO AR AT DAL FH R i a8 SR 1) o 4 2= PR AIC R R R 2K
{Hgb R — o MEM R BK A, Frl B AR Z R 2, ¥ 2R =5 K I A il
Wang S5V B i 78 57 /K P B 4T 48 A1 (CO)FI F 48 A HL B 22 (MOF)fiT AE 1 1 /KB
I HE MG, BRESRFIE A 1-14 Fros. BT RR B KAZ O/28 KA 5%
S5, K IEE(30-150 pwm) i FR B 7ESMNEAG R ko B T 7K R JER 380 R AN 4 3 1T A0 P 3% T 3
28k, HIEZKRATRE 3.21 kgm™?-h'! B 78K (3.5 wt%NaC) Al 2.87 kg'm?-h!
(20 wt%NaCl)7E 1 ANBHYGHRES o [FIRE, B A KPR mHEE:, #hRFR e ZE K
PEfE— %K., AL, A BESIRE U 2.5 V B IE R ER L 3.5 kgm?h!, #]
HE T CC ki) B AR — A ThRE R kA . (45 KOG B A1 T —Fh S B /K
A R0ET .

66]
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B Superhydrophilic carbon film (SCF)

- Hydrophobic carbon fibers cloth skeleton

Confinement water skin

Air barrier

Confinement Confinement

capillarity Seawater caplillarity
Kl 1-14 SEARZE R #% () AL g eT)

Fig.1-14 Construction of a three-dimensional evaporator [¢7]

1.4 AXTEMREN. ARAZTKEFZLE

1.4.1 Fix BB

FERRIK R AN AR, P ARARBA . PR KRR B IR BRI L g £
WRRHIC N EL, A& ST IR 2 A 2 3 BUIR S RO AT R AR A% KR
T SR  Z ORIE, KR A — Rl EE RIS R REIRA I HOR, KR P RE
Btk Ige, ARG M HIERBES BT H 9, s ARG, 57Kl SRl AN
FRBEUH. o, OKBH B IR S Ft 6 PR oK 28 K R L RENS R HOK R BE AL BEASRIAKUR, JF
REWS . 2B AK T 2 22 SR, B R — Ml BT St s UK B RED
AR . KPR RIS T 2K K R ZMIMEN: (1) KBHBEBCA:: AT AT R hik
WOR BHAR S I F-R A A R, RN R VP28 Il IR (2) /KIEIESE K. AEls[H]
I o 28 T A A KA IR AR SR B IX s (3) FAEBGAR R Fe 4 1R R B
BEBR -

H A, K2 HOKEH RESR S S 1 78 % BRI FUER2 AL S = 20 1F P REAT Y, T R s%
B o SEEBR I BH G 1 5 J5E It 25 N 1) A i 2% 1 B AR AR T AN T AR AL, AR S DR EFAG 2 1
IR I B EANDG IR N TS = 550, R RO RS, BALRERR
BISNERIASERIFENT o 110 HL 75— ARG E TSR M REIRINEN T 3, RERSAEIROL R T SeilAa
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AR T AR o 4K PH G 5 2 AR IS, AT AR 5 it o ) P R SR A2 K B RE AR 52K
M R] DAAEAS 5 22 LA 8 f A7 ik R G BUR O R ST R DL N ORIF AR E I 2800 AR AR AR
77 MBI A A XA BEADAR R GRS &, DASEBLS R BRI ILANNY T o A PR
FRHE T I AR AT R BT 4 1) AT, R R DG AR F SR Eh AR F I AR &
SKHURRE AR F I K. FI, @A R G4 R A 4R MM EIRE R, Hl % 2T
HERLTYE Janus ARGUEAE SHRL, BTN F KA R HLER Kot BN BRK R R Gkt
A L 45 Jem T IR BT BTL R o ) S RS R AR Dl FACRTT Hi X3 £ B 5 K RO Ft i 2% o
A7 B S B ARAL = R AV B R K o

142 HIRAHAE

(DRI 4 C I UL EE AR BE IR TT

AL R H RIS PR SRR 2T 4, g il 2 b R A 2R 4R 1 R AEOL IR, Ed SEM
NG IE RIS, R 4t ez, o Hrnt Tt BRI . f ] Janus
S RIARGUE AT E N TK)Z R B e AR K AT A, A RIAFRIP &
HURMAER, 8 SEM Al EDS X AFZUE AN (R AT REE, D rgiAK ME St +
ELUEMR IR . BEHZIEIT R EPECE MR, A& RIFMRRAIERE, B
IR E IR AR PR R IR O B 2 Ay, Y FDOGI T —
KEDEHIZEAT T o 28RBS A RGE AR, oM AR S BT LM KD R R T 28Kk
e I 2R ROH A B R o i I8 LI L YRGS PR R 25 RO B 4T 4 1) R AR REEAT SRALE, 3k
WA IR APEREDLTS (1, DA TH BO6 — HRh & 5 28R R G ST FU Sk A
Q) E DN R AT AR HOG L R & ZK K I g

Tt 0 B RIS B R 5 ) W R B8R T AT e e — IR i S A, T B
FLYRLE R 2T 4B 9 i AN R RN L, R AR TS DU L IAICR , JF4i &
AE R MIH AR IR S R R . e M SEUR, ERIEF R RS VIR BRZT 4k
BT SOV DAKG 5 s AR BE, I SEM A1 EDS X B 22 5 HOBRET AR 3R T EAT R AL 7
FrHEOIES, il FTIR S6i PL & XPS PRFTH LSS R v 1 B0 oot 2 Ja g A
ROR A8 B AR € B LR R AT FLIRCRAE . X R AR AOAE i AT 772 R e
RAL, WA SR PLAE K P37 Ae e M DA A S Bk R 2R 8 AE — KB
TR R DL BE U R BEATO I IR DU RO R A S8, IR TUAR AR
(3))'6 HELR 75 F T 28 R85 W IR K 28 R ) SIE B B2 FH AT 7

A FH A3 H R D06 L P [R) R B RE 78 A s, A BV G IR /K AR AU 7K 58 S 36 2% A1 T BEAT
AEER, FFXS AR AR I AR R AT 7T A2 — RIS, XK B AN
FRIEN G IR K EAT 2R AL B o A8 528 T R rh Ol i WSO (74 B BEAT K R SO L,
T AT HR AR B AL BRI 0L, PRI 28 R A v K RIWSOM T B P AT, AR QI 8] AR AT
FEHL IR TR AR A L BB R AR I SE 0k o FEZR R A Ra e TARRIZRME N, RSN H
SRS AE T R LR L R BE R BH BEAR, £E R IR @ i e IO R B R R b, 8
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FDERBFERIRCER, AR ROE R B R BH BEZE R R GE SE B AT 1

PR ANT FTR -

PRI B R Bk

K BHBE T I 25 R BOR

BIRET 24 R A v R AR R R S 2 L 5 T K 2 R P RE AT 7

2
H

b
bo

K 1-15  BORBREIA
Fig.1-15 Technology Roadmap
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B2E WHs

2.1 SCEEER SEig (s

AV SIS B R B JEORE AT L3 2-1
2 2-1 S5 JFUREFA

Tab 2-1 Experimental raw materials and reagents

JEUR} G 44 AR i BORS G

[l et 21 4 5-20 mm P 8 R IEOHTAM R IR A )
LI orfrat FiE R AR IR A
AR A ARE orfrat FiE R AR IR A
IR Y et LR AR PR 7]
RO_FE 7y 78 400 R RL T R A PR
R ORI JEFE 5 mm LI5S AR AT IR A W]
AR AT JEFE 5 mm YD & AR LUE M BT BR 22 7]
PRRARSIE AT JEFE 5 mm ) AR SUE M R PR A 7]
AV T2 1 J FEAS PA AR LR R R TR A PR A
R -2- TR B orfrat FE R AR IR A
HEE orfrat FHER MR R A A
R AT IrHrat bR AR PR 7]
HhiR Irprat R RL TR A PR
EXSLiE TR LT orfrat FHER MR R A A
HIRZ B orfrat R TG PR A
XEAIK IrHrat R RL TR A PR
it R A IrHrat bR R AR PR 7]
HALHS orfrat FHER MR R A A
HALEE orfrat FHER MR R A A
AL paxiiEdy bR R AR PR A 7]
s paxiiEdy bR R AR PR A 7]
D4R vaxiiELy EHER MR TR A
H L orirat EHER MR TR A
Y-3RB paxiiEdy bR R AR PR 7]

AN IS8 T A A e AR 2-2
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22 AR
Tab 2-2 Instruments and equipment
E I RS CVR I
SR R e ] PH-010A g —EREAER A IR A
e 77 00 E A SDC-200S IRZETH R A A A PR A 7]
by R S A T R CIQTEK SEM3200A CIQTEK Co, Ltd
B R JM-A20001 T R TIT R A AR B A AT PR T
(L RYAL RS R NicoletiS5 ThermoScientifiNicoletiS5, USA
17 B BRI Xm-1 R T = BAUES A PR A A
HA SR TR LGJ-10 AE A IR AE B AR A IR A ]
FTHML AT-WL AR IR 2R A H PR A T
IKIEIRED FpL AT-CP P I A S A PR ]
X A BEASA AT PX-LQ 500W AEH MR REA R A
FREAARAL TCO1A Fluke, USA
IR YLJ-HP300 B IERHR R IA R A PR A F
X BRI T RE TR Thermo fisher Nexsa Thermo Fisher Scientific
A PR KS-7200DE B2 L7 g 36t P A AR AT IR 7]
CEIVRT e R TR T AGILENT 725-ES Agilent Technologies Inc., USA
R ER WPS305H BRI 5B A R A 7
2.2 WHESIE
2.2.1 Janus 4RI

¥ 10mL R4 I (PEG)IA AT 30 mL ZEHRE & )5, FRIEESIK SiO MRS
i, R TS, 585K PE SR R IC B T OB R AR 1Y ST R (R
HEA U 22 RANA A SUE AT R T, 285 N BEAR T8 6 h, 15 23R T 5K R A2 K 1Y Janus
2.

2.2.2 [ERRATHER ER & AR HIHIE

AR S5 R FH WA 7 E S B EROGZ A BB A4 73 ARRET 4R a2
MBRAERDOCIAZ . (1) BREFLER PR HNET 2 TCE WA 1% iR NE
W, ARG R FHER B AR RIS 27 46 B IR 4 4y, TR 1 g Be4h 4R i\ 100 mL i
FERRENTETO, DR SIS B B RTR A AT 4EUA, ARG EL 5 ml A, KRR E T
%N 1.5 em EITEARE A, R A TR 12 h SRR 4 e HVZE, IR A 2-
1 F7R.
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- » A
RIS mAL 4 3

—_
B .
~ > —_—

B 2-1 [l 2T EA IR ' = 1A ] 6 e

Fig.2-1 Preparation process of recycled carbon fiber powder absorbing layer
(2) BREFHEI IR MHRIAET V22 . B 10 g [RIWCBRET4E, TRONAT BT J5, 727
RIE R B BIBRET 4, FRREBRET 4ERE TN BEAG T4 6 h Ja AU B R BT 4209 1.5 cm
IR 5 BB AT 4ERDCIVR , Hl AR LT 2-2 s

A . ﬁfl)\i#wg ®
A\ -

K 2-2 [AlWORR EF RS IROL 2 R i & i A

Fig.2-2 Preparation process of recycled carbon fiber felt absorbing layer
fJr t Janus ZUIADCIA R B oK FHRE St 25 kA%, WA 2-3 Fow . BSR4
B IR AR 7y 7l dir 44, 22RO AL . KRRt BRAE . S RR+BRET 4R . 2 BR+BRET
Ak MR+BRET YRR MR +BRET4EAD 70 3l i 4 9 RCG. CCG. R+CFF. R+CFP. C+CFF All
C+CFP 41 X EEA A 3K JZ ARG AR IR, X T BEA 2R a3 IO 28R R KI5

M
HE-6h

B 2-3 F 7R as I ) s

Fig.2-3 Preparation process of interface evaporator
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2.2.3 PRETHEHRIHIE

R A4 5 g, TRNFTENRITECZ G, ER R S BIRRA4E 8, TR
RN T 6 h, JE#EBTR 15 emx15 cm K/, )46 5 F B £F 48 2 5 8
P IE EAE R AL H LA 150 °C, 4 MPa &4 T fii# 1 min JiHs 5 min KR 4F4E RS
&, 1A% SR IRE OB AT 4R SR 5 mm, ARid N CF, &~ K& 2-4 k.

X
~ X
I A 5// SERE , oYU :,Mﬂ;sg( . it
\" S = $’ \
/\/‘\/\/ .-

. ;;\A_(’,

K 2-4 BREFHER e

Fig.2-4 Preparation process diagram of carbon fiber felt

2.2.4 BERRNE B

B 8 cmx8 cm MR LT 2E RS, ECE 0.1 mol/L [HMLA&(Py)i&# 100 mL, %/ 0.01 mol/L
L B In N33 26 75 BB -2- T PR AN R (AQS A), A 0.5 h JE T BRI STV, FaAb B
UF IR AT YRR 58 AR NZIEWH, 0°CRUE 2 h =251, M LF 4E857E Py IR 52 45i%
. BLE 0.15 mol/L ) FeCls ¥ 100 mL. FH3 & & iR IMA T Py EE, {REF RN
B 0°C, #E 2he 0°CHIRMIRERRN T IR IIESR, [ Py 6535 A KH]
IRA4E b [RNEE ARG IR 4E R, H 258 FARKIGT A 4E R, RaE G FERUR )
PPy, JEUEE 28 T/KH R AFRDR, M1 2 J5 RT3 1531k 2 5 T g A 88,

pric N CF-PPy, duthrizEEani& 2-5 Fiw.
]

Fecly i il

Pyififl

A ‘ﬂ ; 7

f—':f",;z‘ B740.5h 0°C 2h 0°C 2h VEik BT
— ) — [—— ) =
_— HIACF FFIMA
5 AQSA
=4 N Fecl, "
=

\
\

2-5 Mg etk
Fig.2-5 Schematic diagram of polypyrrole modification

2.2.5 BZEREEME

76 pH N 8.5 ZAF T, BLE 500 mL1%IiRE [ Tris L2003, 2 J5 MR NN
0.5 g thiR % IZ(DA), FrE R 72 A H AN 0.5 g WEEIK (H202)F10.5 g BB H7 (CuSO4)
PFE TRV AR 2 5, B & I IR A 4E B0 R 30 min WR35%, A7 L4 R 2 5 B B 4 4
i, HEBETKMSE, ERGEERKN, MEEEE T KALERN LRI 4R, K
NMEFEHET15 2 3R 2 e A 4E 85 50FF, #Rid vy CF-PDA. Bifts s B &l 2-6 it
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o
TrisZ% MR
A IA0.5¢H,0, 0°C 2h Yok BT
[e— [ E— [E—
DA 0.5gCuSO, I CF

=

K 2-6 %2 Bt R K

Fig.2-6 Schematic diagram of polydopamine modification

2.2.6 AEZELSZHFRNEE

R AT AR BT A 5 om>S em FIAEOEIZ, AL W i it In F AR P AT F R S ge . BRA
JEAE I RE AR LI@IR IR (EPE)RT IE#VE MK ik, SRR T Bk Ja B2 pRAE R
i, =FILFEHI A A AT

2.3 AT R M BERAE

(1) RIIEFRNE

KH CIQTEK SEM3200A 4 Fo ¥ S Ft e SR A RIS ik 2 24 K7y A Rl 41 44 65 ) R ThI Ak
MIEE LA S EDS RAE . MIBAHT 75 2 T RO AE BRI & b, FEEIT 1 min (854
AbFE, NIEEE A 10-20 kv

(2) 2GRS ER R GRS R i

ARSI A8 A U B8R A - TT DL - 3 414 43 0 O BE UE A BT AN R B 4 4 Ok B AE
200~2500 nm 3% K i BBl A 998 S 5 S M5 256, 45 (R i RS 1.5 emL.5 em; it
AR, FE A BT AT I R AR BRI R DL 2 nm/s BRI E . AL
J&, A1) E LR .

A=1-R-T (2-1)

Forr, A RFEROTAFEIIE s R R NS IR AT T AR A S0
EIT R,

(3) Je-#PERERF T

I K BHRE AT SR — AN KBH SR G R, R F 20/ A BG4 2 iR
FE, 3BT AN B BB AT 4 ' #0208 AR

(4) FKEz Sl A A

SR B fb A A (AR SE TH B R S A A PR A R Rt 2 S5 1 Janus RS AT HEAT 7
Al AR I AR A FH 429 0.03 mm AT U KRB L B T . A
Befil v E A A, RO A SRS R K e SIS L A, R TR
KU A TS R

(5) RMEIERAE

K H CIQTEK SEM3200A 34 Fi 1 2. i 45 R AE CF-PPy WSRO IE S . MR 75
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T T B ENR S B, JF3EAT 1 min BT S0, HEHEEA 10-20 kv,

(6) Hr i g ik

K7 eI AL CF A SO E R 5 MR aR B, hrA# B2 58 2 mm/min, #E47
g VR R I B B, PR 100 mm, T8N 10 mm, 1d5K K
AREAEALT 54

(7) FTIR Jtit

BEME) FT-IR 67041 B IRPrestige-21 FTIR 43665 18 FH KBr (R #81#E47 . F4
JEEEN 400 cm™! & 4000 cm .

(8) Rt BB 7T

I B IR AT 4E R it 0 B g, ISR LD AN RSB A L RE IR, )
AT AN (] R X i 2144 7 A )i AR A R

(9) XPS I3,

f§H Thermo Scientific K-Alpha X §7£& )6 HL T REREACGHAT o A% b /S 1T BE T8 110 - ik
BAE L omx] em FR E, HEBRECQZE, JERBBT. VIR B 2 R 0aHE, K
FESIETERE S & BT, 3 Al Ko £8 53 (1486.6 eV)IRSTFE S, 603 T OB
RH% B R 400 pme % TADGRE, Wil aeE R 150 eV, SKH 1 eV T4k
Hith, WBifeE N 50eV, SKN0.1eV. KRERMITYH Cls 14(284.8 eV)H T
i

(10) T EBRFSH

HRH & 45 B TR 7 R 3 6354 (ICP-AES, Atomscan Advantage)ll & i7K
AT 5 BB IR
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3 E OUERALEFR Janus AYERE R L PRI

3.1 5|8

K BH BE DR 2l 5 1] 7K 7% /< (SDIWE, Solar Driven Interfacial Water Evaporation)#g %4 F
K BHBEAL FEAS [B] B /K U5 Canig K A5 7K) - I REf8 = Aa Br it a- 15 oK #h, BRItz 3] 1
J iz R . SDIWE A& — Rl e 25 U1K B 5 T M) FH K BH REHEAT JR) B8 IR A BOR T, B
A= 2R BRI RRGE R . TNV RV T3 K AT Hr 8 R R S50 AL, 2T T = AL
HIRIK SR A o

£ SDIWE 1, SR7KME R G RpTRLEE BRI SH s AR K 0 VR, et
BET HIBE R Z 3N 1 A SR K IR, IR e 7 AR MERETS T, BrIEARLZ
—REARRDERAEL, H R IEAM B AR AT AR R BT 80 BRAUKE /K A 4
(BL82) | S gte- 84, DLACEATTIIAT A/ &) BRET4E (CF) 2 HEF4EEmdl S 55
WAL BT A B G A SR AR T 4, HAE N PR A 4B B LR, e, B,
M v AR T DA S i 8 P 0 S5 R i, EAMAE DN AA R, oA B eIl LS i) g s PR e A
e 2 TR P ) R R 18T SR, A% B IR i 41 4 28 72 T A v R RE . TRURVR O oA B iy
ey RSO A R Sk 41 4 44 FL A T SDIWE H1, 5O 1 3 L i él . 75 SDIWE
AR, B 7GRS, KT 1) NS 28R SR RIRE 2 BIA LG/ B 52 . R AT
YE N —MrE FRK SRR, RO R A BT WO PEAE K, O 2 T aE K
arte W ILBYARSUE AT BT FEAR AN S BREE R IR 4. SR, IR L RIRAFAE A B il oy H
ARk, BEFPBUKAERE LIRBUKER, Sz K, s R m s it s
BHUSEKPERBUKYEZE 5, ORI ZOR B3 VERE I BT B . Janus 4544, BI—[AISE/K
— TG K R, AR SEAE 7K R B ) A% i A0 el A TP R 451 2K D T AT B B 3
XM, KBESIRE /K ZE BRI, JHA R0 K i R A G R,
[Ty & &

A FEH )RR R MR A4 S H 2 A MRHE R BH BE 3K 8 AL TR 7K 28 KR
HINEFH A5l 2 M TR SCIR 1 44 e A B AT AT 1 o 38R [l WAChie 21 4 1] 45 1o 1
MEera AL, S ARPIEGEAM B &, Bt TR RRER & . T
R T Janus S5O0 E SRS, 1R T ARSUS MBI K YERE, PR T AR,
AL e R 1 N A0 HE e 0T 2 AR SR A B ] B o ad I AR I ON, SR
TABGEK FH e SR 28 A s R REAE FOR TAERY )@, $RHY 1 A R Ag0s U AR& A 28 K 4 1Y
GRS, JvJaSr)sSEiR iRt — &R K
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3.2 &R5THE

3.2.1 Janus 2SS KES M ST

N T oA ARSLUGE AT BB B, I 3-1 B et RS B AFSUE AT BT RAE, A
T AR EE R, an &l 3-1(a)(b)Fras 70l B 1 ARG id Ab B R A2 JpR AR 2RI AT ) R
S, v LA R HREAEE: M 3-1(c)(d)RH, SidgiKisi: 2 5IE40E R m
K 79K SiOx UKL, SiOx HIAFE I IR M KIRIREEE, A8 5 = SRR
IKPERER . i 3-1(e)(OFT7s, 73l XS M AT 22 RARZIEAT (19 30s P PRIk A1 A 3K
FH B AT RI7E 308 YLK Bl A 0K F 1500 28— MK IS O o ARAN2S BREF 4E A £
TOROKVEET Y, iR A IR T2 K — G /K ¥ Janus 45 F) B4 SEHLK B R 1o b )
Ak, R SRR AR, SR AR R .

J - 7

R
AN

K 3-1 (a)(b) HRAIZFRAFLAEAT T SEM ] (c)(d)RR A2 BRER /K it 2 = i) SEM I (e)(Heftitk 2 )= i
HRAN 22 R R A
Fig.3-1 (a) (b) SEM images of cotton and ramie nonwoven fabric (c) (d) SEM images of cotton and ramie

after hydrophobic modification (e) (f) Contact angle of modified cotton and ramie

3.2.2 FIKEMAMFERLRENT M

B T AFEDEREXS TR BORKIA A, AR 4R ZRR SRR T2 41
PRI RABA TN W 3-2(a) Flrs o] BRI 1 AR EL AR AR UG A AR KR 22
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FRAEZUEARE RN FIKERIROR BT, 4357 1 h WIKZEKEN CCG(0.56 kgrm?).
RCG(0.59 kg'm?). C+CFP(1.35 kg'm2)Hl R+CFP(1.69 kg'm?). HILA LB H, ENEL
AR FIKEMRIFFAE N2 RRZ LR KRR e = T 25%. i iR H 2R K%,
A 3-2(b)FT7" CCG(0.57 kg'm™?-h™"). RCG(0.60 kg'm?-h™!). C+CFP(1.24 kg-m?2-h™")All
R+CFP(1.56 kg'm?-h™). Jf HHE 3-2(c)MFLLAEIW] LUE HAH LR T 7K 2 ) TARR
F£(38 °C), ™2k F/K)ZM LAEIRE(39.3 °C)HE &, Ui A2 IR /K i G /K N 28 Rl R
FHECEAR T2 K 2 BE AR P4, 8D 7 #E M Sk E H BIER, TR B T 3 S 28 R
RER . P, ARSI 5 ik 2 R G AR 8 K )E

a b C pian X
02 Lg B 227
oo b oce p
. S - ‘ Z
. y A ?
o2 Tsa = %
. — by st g -
s a ' £ 25 355 39 394 2
E .6 o ey . 12 i | I | I 2"
: " K H
2 o " 1ol | reG ®
= B - = i : 1 ) - N
.10 & a % os ) \// 2 i
= .. W x -
12 = s < 06 — - [
sl —®CCG a T
* RCG o s i _— "
2P| oy - - 18 g S ¢ .
. v R+CFP ; : ) ) ) i . §
0 220 30 % s & S o - = A
" & & & & , % ’
B8 (mm) <

B 32 AN[AFK R Y (a) 2R T B (b) 78 A 2 (o) JE /KO AN KO IR FAZL A B 5

Fig.3-2 (a) Evaporation flux (b) Evaporation rate (c¢) Thermal infrared images of different water conducting

layers under both anhydrous and aqueous light conditions

3.2.3 FRILABRRIER LA M RE

BT 4ECINR AN RIS T 78 R A 728 R VE RE A 26 AN R R JEE (R 52 i 3-
3(a)(b) 73 A X Bk 2T 4 DL K B 4T 408 06 2R AR T B R AL, A 3-3(a) & i
LFAERE IO R T 254, ARBRET 4k 2 [ B R 2 208, W] DM /K2R ARG E IR A 5
K 3-3(b) & BREF4EHn (R TS, W] LA HBRET R0 AL B R B IR NI R 5 LA S R T
BRIZCR T, B2 RSN, XA A )R] DUEK > SRREF 4k 78 00 A4 id, 1
RIEZEBCHAR, IR B 42 = 2R R BB - SR 2 P E R VERE R — T2
b anf 3-3(c)fd FH KA 300-2500 nm 48 Ak~ 1T -3 21 A0 k4SO B 1 Ol
WS, AT LR R HEVE G RR OGS T BLA 2 99%, IX VAT T eF 4Ef 57t 1Y)
JEIRPERE . T UEWDE AR 2 SURRET 4 AT s AR T 5, X FEab A EDS %
ik, Gl 3-3(d)(e)Fw, ABLER 1 EREF4ER C B RAT I BRI AL B Na JeR BLAk,
AHATTER, IR LEAE IR A A B I R R
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K 3-3 (a)(b) IR LT AERL AR LT AL e HVE ) SEM B ()G HVE IR AP-1T WA ZLAM61E (d)(e) BT 4E
MR 4EES 1) EDS B Fy

Fig.3-3 (a) (b) SEM images of carbon fiber felt and carbon fiber powder photothermal layer (c) UV visible

near-infrared spectra of photothermal layer (d) (e) EDS images of carbon fiber powder and carbon fiber felt

3.2.4 FRBCAEMFRLERIIKNE

X BH BB 28 K #4510 78 R 10 2 FH 28 R TR 2 RAE 28 R AR Il N ER, R
THNBRA 4D RVR DL RERE, £ — RGBS T, Bk &, XA EDGH
JE IR AT K ZE &, anE 3-4(a)ffrs, AHELES RCG Win 7621 R+CFF Al
R+CFP ff] 1 h /KK EAEV BT, M R+CFP 1) 1h BI/KE K EN 1.56 kg m?, Hit
R+CFF 1] 0.86 kg'm? HH BERT, 25 1 81%. AR LCHHE nT DU 28 R 3 1 2%
ROEFEWE 3-4b)fi7n, £ R+CFP MO Rk BB R &K EE N 1.56 kgm™h',
R+CFF fZ5 R ZF LA 0.87 kgm>h!, {HZEME RCG FIZKEZK 0.60 kg'm>-h! 5
45%. IR BEE T LUE H RACFP 7 R AT T IR 4k (1 2 2 HE B 25 10 3
KT KEERRIAR, W2l K 7&K 7 BRI Re, 8 A4
FRAG AT BB B IR AT 4EAE — AN K PH S RS S IR s B 3-4(0)ffm, TETE/KIT)
THOLT, FE— A KFEGHITEOLT 15 2080 2 N EREF4E0 5 B i S i E 78.8 °C, TR 4EE:
I LLAE] 75.2°C, s RIAFHDEHEALRE JT: I BAEAEZE R B Ae08 TAERITE L T kst
Yk T ARREAE 39.3 °C, Bref4EEinT DUARE £ 33.7 °C.
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a X b C VIR

¥ (Kg'm
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Sl g ‘ 04
6 ® R+CFF . = ‘ |
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1
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K 3-4 AREDGIAZ [ (a) 28 A0 B (b) 28 A0 2 (o) T AOB IR /KO I B FAZL A1 BB
Fig.3-4 (a) Evaporation flux (b) Evaporation rate (¢) Thermal infrared images of different photothermal
layers under anhydrous and aqueous illumination

3.2.5 BT EINBRAHEFR L BRI AR

N T S A E 2 R A AR AT I R R R E M RE, AN SRR A A 28 R AR B I )
R+CFP 7£ 1 NKFMHGHRE T H) 8 h KIFEH IR, 45 5RaEl 3-5@) 7w, £ 8 h il A
RIS R BCRIEATLELE 1.5 kgm0 A, Bl BIFAREE. K 3-500)2%
SR TAE 1kWm 2, 2kWm 2, fl 3kWm 2 78K iE R, oI LURHERE HREEE L
RREREI N, 76 1 h WRIZA R EWEEE RN, ek X S vh 515 H 28 Al R 45
Kl 3-5(c)n, FEANER R BHOGBR I S T 28 R F 73708 1.56 kg'm™h'\ 4.24 kg'm’
2hly 6.62 kgm*hl. SERKRBIBELE BRI, FHI ) ZE SR B E
Tt HHBHEATRRE MR, UK NARRE R, RS IR N e DL
AT IR TAE

(kg'm

)
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.
- o -
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A o
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0F e b4 4
= A
- o -4 ° ¥*
#Hos - o A . g
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’ a
= <l A ®
ool A L3
6 . -« r
04 - A B Y 2 ;
' -
) e . (R 1+
02f 1 A
A (! 3
00 s s L L L s L L sl L L s L L L L 0 s "
° 2 50 60 70 A A B L 2 5
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A B %3

&l 3-5 R+CFP(a)fE N KFHOG5E T HI 8h AIZE A (b)7E =M AFDEIRAA A KIEE (o)fE=
T AT IR S T 28 g
Fig.3-5 R+CFP (a) 8-hour evaporation rate under one solar intensity (b) evaporation flux under three
different lighting conditions (c) evaporation rate under three different lighting conditions

3.2.6 BHAERAHEHERPIOHAR

SR E BT AR P BB AT 4ER S AR KA RE A E] 1.5 kg m > h! EA B REE, {5
et H AT S SkE, WA RET A RIFRZARER, T AIRAT5 8 2 el 45
) R 3 LRI — S5, SRSV 75 T LS I N A1 R R B 28 28 R T < (11X
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—ROR, W 3-6 o, TReT 4R 78 K as AR RN F IS R 00 5 7228 T R AR A 1 O »
X IR ORI R A AT B TR 4 AL TR L, S BURTA BEW I A 7E 5k
LR 2 1AL, AEIX 2 Ja BATTN B T AR R 3 AT FEIRGRAE, e BILAE PR il FL A IR DL T
BREFAERLIR B Z s 2] 1 90 °CIUmi, JFHAAH A 015, E& Moo
fE, ARBLH T IRAT 4k R A N RN . IF Hal i R A 5N, kAR A gEfE FRis
PR BB BE ST 2% A s SRBK 13X —HEAE, IR DU B R A I8 K, ORI
A& A AR A, S AR A MR Rt 1 — Fh LK

K 3-6 ANRIBREF 4 30 F AR AL

Fig.3-6 Electrothermal characterization of different carbon fiber morphologies

3.3 FE/NG

AT e E I (ISR AT 4 () = R R A, A T A B IAR AL S Iml B K D R K BH
RS ZA R RGL. HE T HRA 40 (CFP) R A 4B (CFM) I FE S BT G IE, 456 Janus
SR RIE SR, BERAZE KRR, K, 2R FKE R FLBR 2540 5 g
HERE ), S 1.56 kg'm™ h! MZE KIS, BHRESRTF 26%: BREFYk il /2 & A
P RE K, HEKBEA.56 kgm?h)iZ B 4EH5(0.87 kg-m?-h'!). EHiTHK SiO.
REBL /K SUPE 5255 /8 K Janus S5 R0V RIVER, SK 28l S 150°, A 3Embl# ik
Hamf KB mfEs, NR S0 RS AT B E PR A

RGAEES: 8 NI R HE 1.5kg m?h! faE R kKiEE, HEKER 5L
IR EIEADC, WEWHIAEEE MM . SRR I, AT 4R B it 0 A5 H R B R B
SRS, B FHEE 90°C PLL, TBRAF4ER RIFA BUEE U= E R R . X —%
SR RS G 2 R B R AL T OCBE R 1, JE I H- A AT R S, BE AT 4ERE H W)
1.56 kg-m™>-h™! (IR 28 K, SRS FH B 2 4 B 1Y) 5 FL I 28 SE AR T) = 3l Rl A% 4t
HHRR G Z IR TE IR A FIRCR SN, A RAFR KA P2 R 42

P2 FE AR S [T USCRR £ A AE 258 R 2 U K e (B ST 70, SRR T 28R IR Fik
1.56 kg-m™ h™! AT FFE K AL BE R G0 . HAPH AR IIAE = J7 11 — &l id MR S %
/T HEER) 5 4R ¥t (Janus/ 2 & 2O BCEAOG- - KA IE AR . R 4ER™ K 3KZ
HITERER ML), NEDFEMRE B IREER I = R BB AT 43 B P [ 28 R T
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B 45 AMHRAEENERBAET BRLZIMR

4.1 5|8

G R BRI R BN 17K AEEE L BEYR [BISCRIE: /KI5 A I — M E TR e 7K
YRR SR REYEH FE 1 X0 PRI AT T A e R /K AR B AR RO A BRTE IR 755K o S T 7%
RBAREATBARTI . BEPH AR XIIARF IR s, 2 PR K N 2R R 2
FB AERX IR, A A RIS AL, I8 BT REDS e FE ARG AT G
FOSLIERIAE R, DRI, B9F 7 5 28 R RO GRS T A LR O AR FRT D RE S 1Y) 5k
T EH A

BREFYEAE D — R L K ShRE PEARE, DRI 1) S . R RO REAN #vke g
P, BT TEN ST R T 2R BRI SRR R — o AERRET ZE ) F T 28 i f
6 HURE B BRI — o X IR T 7 180 o D't FEURE B B A ] s A1 P D' FAEORE AT H FA
RL, FESR AR EIRS, REsh e HL N 0. PRI, RUEBREF4EA B BAT RN
S AVERE,  RAlRKEE L A (R PR S AR RS R R AT REIE TEVE TR o KA T T
PRIk, dnf it — D R Ot AT i A e, DAL i 78 s A N, O T
FUHI— A E BRI 73R R S Y SV 2 R S AR RE 0 TR — o FERRZT 4R 2L
PERES, REWRRIB AT LOE A OB PRI PR 507 s iR £k, IX 8t
PR JR RENE I T B 2T 48 S 4 O e /0 3 I DR S i ) e AR

BT A ISR N ME LURIR R TT 28R, UL RBREF 4EVE Ot R VR AL
—EBEREE, AN AT TN AR E I R R S EAD R S EOR, SRTHIRET YRR S
TH] 28 R R R B e, 328 17 DA LA 7K Ak BRI i 0 [ WS S5 4k 1) 2 FH H 3 10 Bt . FL A
HIWEFL A A IEEEERILE (PPy) IS 2 LI (PDA) AT U E AT, X Bk £ 4B AT 2R 1
s IR AR HS T SOV ERR 2T ERS A FRIRPERE s PPAT CCPERS RHE G ISR T BRI
BEs JRAS & A SERGIN, AT Ut AR & FOAOR F T 2R R B3R TR - AR
RS T R AT AR R T PR LA BE RS2, 30 D9 RRAE S B S FH o 4 ] S8 4 3t A O
HURS S BORIR AL T8 K BB 53, BAT HE B S R SORIRE Y 5t o

42 GRS

4.2.1 FREIREEMRAHERERBRM RS

FERRZT 2 PR S it 0 PP PR R/ IR K — 0870 BE S M B 2T 448 (1 F AR, O TR JURR
LA N IRES L, B BRETE M S N 3V, 4 V. 5VL 6V AR/, W
SAEANF] S T ) R AVRIOR RA SR 28 A0 R 4, 1A 4-1 P vl DA HE RS R PR3 K,
IR 2R RE AR AR K, IX RV REE HL S RGO, Bl i ad e B4 7 28 1) 3 Bl
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ALK, AT P Al v, 7 R K e 2 sl o 2 R ER R, T LA HH B FR 3K,
R ERAAL 5 H N 2.15kg'm?h!y 2.94kg'm?h'. 3.6kg'm?h! fl 4kg-m?-h!, W]
DLEHTE 6 V BRI N EFR RS, (MBI KMELE SV 2 6 V B KIE 24
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Fig.4-1 Evaporation rate of carbon fiber felt under different voltages

4.2.2 PPy & R H ¥ M REROR R

N TGRS CF s, FA@id SEM X CF-PPy [FRIIESEATR
fiE, Wl 4-2(a)fFs, WA E A LUE H CF-PPy [F22H CF R IAR B iR —
R, I1XJE CF RIEES T PPy WP HIA . M 4-2(b)SEM B Fr 1 518 55 i 4 1) & 24E
JRAF e HBRET4E L, A TIRZ PPy /NGUkL, 1X4% PPy SR TEBRET 4k LAY T LA
PE R AR S LA PERE, IETT DA = T PR RE, AR 28 R MERE . A T BNt PPy
£ CF LA, mid e B AR #e 20 4NETIR) G RE 41 & 4-2(c) i~ {E CF #1 CF-PPy HI4L
AR T CAE Y, CF-PPy HOUARMEIEME A 789 e (CH-BE7E LM 3R THT PN 4R Bl AN 2K
W HhR20), 886 cm™(=C-H R 7 #i#%20), 1033 cm™ #1166 cm™ (11 A& T 4R
W UL=C-H ##), 1446 cm™ 1 1536 cm™ ' (RMLIEIAH=C-N, C=C B {1 ¥k51%)3344 cm®
TCRME S ) N-H 88), P EEINER] 7L AE CF 2K 1 B Dy SR -A 1 AMan it i i
4-2()EDS X ik £ 4E B R 11 1) T 3R AT AT, IR LA 4E A 5 1 C oz Al Rk 4F
AEAEER/ D& Si RS, IEAFEE O Juk, XATRER T Mg 52 b ik A&
SN B BR AT 4 e TH AT B . T CLAT S Je & N SRR T 76 e E i A2 i) HCL
F1 AQSA, @it EDS 5 f B 5 AL B ML FE B 4T 4 R TH I I R A
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PRIl i f 1 L L 1 L
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&l 4-2 CF-PPy #¥ il (a) 6 B (b)SEM AL, S (c)FT-IR M 45 SR (d)EDS M4
Fig.4-2 CF-PPy sample (a) optical image (b) SEM test results (c) FT-IR test results (d) EDS test results

H 200 X SRR, TR R A S R IFE S, BE 5 AT E52 215 S 11
TP, Rl R ARG 40X R & A KRR S G R IR, FrlIRA 1@ XPS k&
TEREEH N JCER AW 2 S o . XPS W Kl 4-3 Fros, SEnLns o i ai
YR T G R A RIS RAS Bom 535 1R AL, TR 3R BH SR g 7 s i 2 H %o Bk
PRI . BoGER(C) H EZEH], £ 78.6%, EItERMN)FAILE(O)M
BRI 5.99%F 15.41%, X3 B ML R 5] N3G T 2 AN & &. BRm S, Cls
HEIEFH LT C-Hy C-N fil C-O AP ERE, JoHZE C-N F SR, |
PR T kg rp E TR INAEAE, R E R A AR R 7 L. XK
ML B R RUR 5 NBREF4ER T - N1s 36, -NH. C=N Al NOx S5 [A] (&b
DE W — PR 7R ER, g C=N FI-NH #IAE Ui B %0t = S ik4F
YR TSRS, T ZRRIRS K. Ols g F ) C=0 1 C-O 155 MFEWFtk
JRSEFI AR s AT RE A2 SR I ot 3 AR P AR S B £ 4 R T S R T SRR T, X
TIESE T SR nns e 1 A R )

31



i W N i e S AT

a b
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Fig.4-3 XPS (a) total peak (b) Cls peak (c) N1s peak (d) Ols peak of CF PPy

FESEBRAGZK AL B AR, A B B (R o 8 2+ 70 B, 75 DUk DAAE /K R AR 2
HIBEAT TAE, BT LAREHURPE BE R AT 7T« 2181 4-4 Jiros CF-PPy Ji K 32 1B K. /174 0.67
MPa, b CF (R JJEARTE T 22%, XN SN (1 5 & RE S A AT 4ER T 2 )
SR Z B RE, IX RN IR IR REE I T T 4 T S AL A ZE M HEAT 2ebE 80T A Bk 2T 4
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Fig.4-4 Tensile stress-strain curves of CF and CF-PPy
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Fig.4-11 Photoelectric coupling of samples before and after modification (a) Evaporation flux (b)

Evaporation rate (¢) Temperature change (d) Thermal infrared image
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Fig.5-1 CF-PPy sample under simulated seawater conditions (a) surface salt deposition under photothermal
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and photoelectronic coupling

5.2.2 AERLZBZBHREN

N T VG Z R AL SEBR N ] TR RS EYE, R CF-PPy Z8 R #s 34T H74E 8 h (DG HE
M A PRS00, RN AR R L TARRR e, 4R 5-3(a) . Ll R
FH, BRERIGARFFEL) Skg m? h (K, REE RN IR b 2 IEMT
By, (HEARZHEARMIR R RS KT, TR IR 1 2R ALK (a8 AT T i
RIFFENE. X 45 RERY], CF-PPy 28K a4 A BGRI ANE, REWA RO 4EFr B m

44



i W N i e S AT

ARMERE, JCHAEN KRS E R A = I S A T, I AR ERE . Ak, AT
ik — D IIE 28 KA AEAN FIPAEL AT T A E T, #HAT 7 ARG T KOG ARG S
AR N . BRI RLURRDE, WE T 1 KW m?2, 2 kW m?2F1 3 kW m2 (1)t
MRS, SEERZE R 5-3(b. o). BHAEGHRGREE RGN, A RIEERER S, 75
IEF Y 5.36 kgm?2ht, 8.1 kgm?ZhtHl11.3 kgm?hl., X—BEHARNUEPHRELERY
SRR BRI IEA KR R, it — B IIE T 28 KA EAF TAEZAE T IR E M. Fenl
FESROCHRAT T, ZBKE AR S A TAE, B ACERIRIFRE IEAR NI Wigesh, &
N ARG B IRE R  AT S . X R A SRR N B T I 7y, R IE A
TR BB AR IS AT IR, Wi KzZE K . K PH Re 72 T 55 A .

a o b c
of e 2k
551 T~
., -\.
2t Ae  E_
sl S N W o}
g, N " &>
- - . . ;
= | B B W N " =
e 45 5 N "N Lo gl
= & o LN £ E
£ o N - :
! & A LN ~a 20
240 e N e, =
= ] e <
M o ‘\ 2 w6k
=il o ;S .. 5
%3 ® -8k NG Se. i
2 e N ax
= * N ° w4l
10+ N ":
a— N RBA GRSV "
=2 45 A 2}
= [T A 3 A N W A
L ! L ! L 1 L 0 :
! 9 0 20 50 60 70

1 '
14N KBH 3+5V 24 KPHHEASV I KM RSV

3 .1‘ . 5 30 40
B i) (h) B [A] (min)

Kl 5-3 CF-PPy #¥ & (a)8h D FELAE T 78 R I8 22 (b) AN [F) A BH D' 5 e I P 1 28 e e (o) IR R BHOG i T
i n e 1 2 A R
Fig.5-3 CF-PPy sample (a) 8-hour photoelectric coupling evaporation rate (b) voltage evaporation flux
under different solar intensities (c) voltage evaporation rate under the same solar intensity

5.2.3 FREKEWL

N T IRNIRS 28 K ASAE G R PRI R (R OR , ARBFFTI I 7 = s R ekl F
FHE(MB). HEEE(MO)M Y-3RB, BLEWKE )y 50 mg/L, #HAT 1 @bAabBE . seie g SR an
Kl 5-4(a. b, c)fr. M ZAKESAIE, BEERIMBAY]E 2 HERE, Had
OIS AT, BRI LT e AT AR, B HE 2SR AR AE R GURL T T R 3 AR
X R, KRB RS A B L Br Gkl 10 B8 2 35 S KA R B B2, AT 2 i 7K
B 1A FHEC S RRHE AL, N T i — P B UE 28 KA AE SRR R, FRATTIE R
T SEPR G RHAWIAT A . SEI6 45 AN 5-4(d) T, SEBR SRR A G T i UG R A
JUTP5EaiE o, XdE— P uE B 1 28 R A5 Ab B S bR G RA R A I sy e A el Sk .l
X—RAE, RATATLMFHEE IR, K SAMUAE L % 54T TR Gk b FE R 2 3
11 HLAE SEBR GURHA R ) AL PRI FE R R R B T ke e, B 2 R A AT S did
X EEAS R BURHR AR, ASGERDS T Gkl R 2] 728 K 28 e BRI, 48 A [H
GuBl oy TAECR AT IS ) 22 3 AT RE s M AL LA, (HEVAT F, 28 K asdl e AR
INf 1) N AT R B R G b o 1, 3 PR T GURHR I

45



i W N i e S AT

jab)
O—a

30 —MB ——MO
35 A —
25 30 ViR
r/ \
~20 ~25F /
3 3
) «
= <20t
st ol
:}3 Ris /
= 2 /,
10 F - / \
10 b / .\
\
05k 0.5 F
0.0 00
L - - L - 1 ()5 1 1 1 1 1 1
300 400 5“.5".. K 600 700 800 300 400 500 600 700 800
C P (nm) d % (nm)
10
i | 35 —— SEhRY
08 F
20 F
; 0.6 - ;
& CARE S
= =
Roat R
o =10 f
02} el
00 F 0.0 |
1 1 1 1 1 1 1 1 1 1
300 400 500 600 700 800 300 400 500 600 700 800
Pk (nm) WA (nm)

] 5-4 AN [ Y A0 28 25 L o) S0 B B (b) 6 () Y-3RB (d) S Bk}
Fig.5-4 Different dye treatment results (a) methylene blue (b) methyl orange (c) Y-3RB (d) actual dye

5.2.4 1EHIEKACER K K B

WRYEE 5-5(a) P IR, fH] CF-PPy 2% &k asdtAT KBH AEiRE KR SR )E, HRAliE
KA Na*s Mg, Ca2Al K*45 3 B8 1 (IR FEAE AL B & 25 AR, HOX SR A IR T 1tk
DM Z(WHO)RLE I HE Kbt . BARTI =, Na B BE/D JC R, R
CF-PPy 7&K #sfE LR 7 RIS RCR . 2 Ab B /K B AR T B & AT
Tl 2R P RS B FL KT, P B RO K s, 3E—2PIHIE | CF-PPy 28K 8% 1(E
K FHBEREAGRAL A 0 i AT T AT P BE4h, & 5-5(b)€an 1 Crery Cu Ml Niz 5547 F <
JEE TR AL, FURRWIIX Ly RYE A PG G ) 1B L fR. XKW CF-PPy
RSB R s R, R R EREE T, RIVKR, fFEWHK 2 4E
brifE. CF-PPy Z&asfIfLopKALERTERE, (EHAKFHRERE KR R Gerh BAT R 2N
R 7. EIEE R A AR BT R, RERSAEARBERE I 251 T SEBLIE K IR LR AL,
NHEZR GEIR I TR SR S0 1 Al AT A o7 5

46



i W N i e S AT

a 10° b 10

(IR G: ) CJwiHo
s (R

WHO

0.1 -

0.01 |

T (mg/L)
BT (mg/L)

0.001 |

-2 1E-4 2 2
10 Na Mg ca®* K cr® Cu? N

] 5-5 7&K as GRS K AL B S KBRS (a) Naty Mg?. Ca? Al K* (b) Crét. Cu Al Ni2*
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