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Abstract Interfacial photothermal water evaporation is a very promising research technique for organic wastewater

purification, but there is also the problem of organic pollutant deposition on the surface of the photothermal
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evaporator. In this paper, composite photothermal catalytic material (CF@RT) was prepared by introducing

nano-Ti0, with photocatalytic effect into porous carbon foam photothermal absorber for simultaneous degradation of
pollutants during photothermal wastewater evaporation. The structure and photothermal catalytic performance of this
composite were analyzed. The results show that a large number of one-dimensional TiO, nanorods with a diameter of
about 10 nm were grown in CF@RT, and the nanorods were homogeneously dispersed on the surface of the carbon
foam and in the pore structures. The introduction of TiO, effectively broadens the range of the material’s response to
light, making the composite material dual-functional for photothermal and photocatalysis. Porous carbon foam
evaporates water by absorbing visible-infrared light and converting it to heat, while one-dimensional TiO, absorbs
UV-visible light to form electron-hole pairs and degrades pollutants through redox eactions. Meanwhile, the
combination of carbon foam and TiO, also led to a synergistic promotional effect between photothermal and
photocatalysis. The photocatalytic process inhibits pollutant deposition to promote the continuous enhancement of the
evaporation performance of the photo-thermal conversion, and the photothermal effect accelerates the separation and
migration of photogenerated electron-hole pairs to promote photocatalytic degradation. Under one solar irradiation,
the MB degradation rate of the most effective CF@RT sample reached 74% in 2.5 h with a photothermal water
evaporation rate of 0.89 kg*m™+h". It is worth mentioning that the water evaporation of the composite evaporator has
revealed a featured improvement up to 0.95 kg*m™-h™" after 4 cycles.

Keywords Carbon foam; One-dimensional TiO,; Solar steam generation; Photothermal catalysis
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1 SCIGERSY

1.1 RFIELEE
Ky (CH,OH) | A 2 IR AN (C,0H,,Nay0,,S,) « DU AER (TiCl,) FIELER PY T g (C,H,.O,Ti, TBT),
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i, g s MAE LR A R F]  REALS (NaOH) . B I (CHLO, 37%~40% , AR50 |
T FLEE R EM (C,H,NaO0,S) MRS | HEANIR (HNO,) . hR (HCD) FIJE/K Z 85 (C,H,0) , 43rat, [
AL AR AT FRA F] 5+ T (CLHL,0) AN H 365 (C H  N,CIS, MB), 4r#fral, EygBTsr T A4k
FHEABRA A FAERAR (CHNO, MDI), /84l 3 T sl i A IRA Al 28 TR (B S%E: 0.1~
1.0 pS/em).

X'Pert Pro 8 X 5} £& By K 17 55 AL (XRD, faf 2% Philips 23 ) ; DXR2 xi A & f3 7 2 5le 15 0% 7% A%
(Raman, [E Thermo Fisher Scientific 23 7)) ; DTG-60 %I 22 # g [7] 4 /0 1AL (DSC-TG, H 7K Shimadzu
/5] ) 5 Nova 400 NanoSEM BU37 & 145 H 7 B e (FESEM, S8 FEIZA F]) 5 JEM-2100UHR i 5 Hi 7
358 (TEM, H A JEOL 8 H] ) 3 Lambda750S #Y 28 b - 7] UL 43 56 0% BE 11 (UV-Vis, £ E PE A H] ) 5
FLS1000 BB 2522 66 1EAY (TRPL, ¥ Edinburgh Instruments 23 7] ) 3 XS500 K PGS, Fh24r IR
BHEA BRI 5 TIS20 2T AMARZAX, 92 Fluke 28 F] 5 PTX-FA210S HLF20 8T K, A5 FRHEA R
3]

1.2 LIetiE

12,1 KEMWBER B & SHOCGRI21] 5, BRE (211.5 ¢)  RETEBFREN(23. 5 o) FIER
BN (5. 4 ) A FCA P FER AR EEE 1Y = Ske)fih . it E 60 °C, fiFE 5] 5 NI E 80 °C, i
0.5 h; BiJ in A B VAR (305 ), AETEIRACE RN 2.5 hy SR)G, #6550 CA&ME T, SEATI0E FL25 I
Ik, BRI KA 90 mLL, 15 F/K B R A .

122 MmN E & SROCGIR22] 8, B+ 2 he R an (1 g) . T+ ZEE(1 o) IR A (1 )
INA LB TR (50 mL)H, 76 60 °CREMoE 4, e 765 IR APt £ 2 AR BUA 51 400 mL, H175 )
FHUIAR . RRBAHIELIR (80 mL) I A BRI PEI ERS i (40 o) 1, TR G957 SRIGIMAMDI(17 g), fiPEH
BICTAE ; FRAYIEE B 25 min, SRERURTHE 24 hy F—2, BAERAESO CF T4 12 h, 152
ZALWG 5 B Z LR IS7ER % 600 “CA51F T b3 3 h, & A5 B IRBRAL S (CF). Fm , BRESPI AT
2 emX2 cmX0. 5 cm HIFEHR .

123 R AR A TiO LR B AT R F & B XA IR FE S 1 T HAL B . Rk AN IRR
W2 h, B 2 B 7KORRE P T VBT R A 5 B Y IR Rl 2 Y0 7 TiCL 5 (0. 1 mol/L) H
20 min, 1fiJ57E80 ‘CF T4 30 min; HE FIRPHE 43K, B FridFf Sh7E 350 ‘CTF iRk 30 min, #5H . /K
N AT IRV A 4% < FF TBT (1 mL) A FIHRER R (30 mL) F125 577K (30 mL) H, Hii$F 40 min. SR)5,
1 350 “CIR KU FFE b 5 il 45 AT IR IR — R 55 2 AR E W m 22, 4378 140, 150 F1160 °CTF 7K #4
FLRE10 h, 2 T0/K ZEEMZE B TR UER G T 70 “CF T4, RIS 201 A B 1 38— 4 Tio, e #ui fb A1kt
(CF@RT) , AR /K PR A 43 3ic A CF@RT140, CF@RT150 il CF@RT160.

124 BEHKEZMEMNR R FDEHUKZELPEREE L B A2 AU I . R XS500 A PHYGHE
ARSI 1 APRAERBHG, FERE 2R 1H BRI 5 R TIS20 ZEAMABLARASAN A 5t i 22 TR B 5 R
PTX-FA210S HL 34T RAF-SERTC SRR A B HOK R R R FR Y BT 40105 , 7KZR A R b 2R TR B ¥ T
FE IR ST

125 BN FER DL YEREE R 7R HUK FE K ol B v R IS R A MB B4 140 #7 .
MB KAWL (5 mg/L) INA B A S M, SR 5 LR S IEET7 A2 MBI R T, [R5 0050k 28 & M R AR
ff T RE . TEREARTE BRI Z A, B I R G0 B T IR T ShAS R 12 b, DAk B W 1
RGN R G B TR P (1 kW/m®) N HEF T C AL AR 5200 . SR S8 A0- ] WL A3 o B
30 min MEEAE TR A9 RE AR Ak, ELEIIE 2.5 h, LA 660 nm b Xof 7 A4 W S 43 B MB (AR AR5 .

2 ZFHRE5TE

2.1 CF@RT #HELTTRIBRIE
El1(A)Z5H T CF M CF@RTRE S I XRD % 18] . CFAE S AE 20=23° BT H 30X 1 T4 HLR IS i T
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Fig.1 XRD patterns(A) and Raman spectra(B) of CF and CF@RT samples

B TCAE AR 9 Ty R AT ST 0% . CF@RT 140 FE i Fh R 17 26=23" [ ilr th B0 v RRAE A1, i B T
Xof o AR (AT) — 4 4k%K (101), (112), (200), (211), (204)F1(116) & A fOfF S (A7 5
Ui P A 55, 2 R MK BRI E— T B & 150 CIF, CF@RT150 #f i — A AL BA 45 & B2 A Fr g
5, HBR T AATEBUERT RRIEAT A0, 38 B0 T 47T S 38 B8 B S I A 214 (RT) MIARERS (BT) RRfiEIGE ; BE
KPR HE— L THE , CF@QRTI160 K S 45 & AR AN K, (0 A AR Bk S AR G5 #4278 hy LA 4 21 40 RS54
R FIRHTEE R, R A R R B K BGRLEE  140 “CTHE R 160 °C, TR A ABER Y
S5 EEAT TR, AT AR R A R A Ry AT T

K HBOEH 2 HTEACRAE T CF A CF@RT A & LA [ B 1(B) 1. Al WL, CF AR FE 1350
1590 em™ BHE H 0 T8 % D A1 G Al SEIZ FRIEIEE , 3301 S i S5 4504 1) T R B A TP AR 3T, 0O

B I RFIEIR Y . CF@RT140 B4 /R 5 CF AR AF ARG, A & B S 1 — AR i 2 615

W, 3R] B R O AR AR BRI T R 4G A AN T B Bl K IR B — 25 T, T ROER F
CF@RT150 F i H1 B T AR IARFAEUE AN | 3t BRE I TR0 8 TiO, Fl 4 214 8 TiO, i hr & S iRk
WU, R TiO, N 2k /K AR K F] 160 CHF, CF@RT160 £ 5 LB H 5 XRD — 255, $i
SR LA TG E BB FI 42 214 B TiO, i 32 . XRD il Raman ZEAE45 L HFH , — 4840k T sl 71 28
P IREREE M, HK PR R N AR Ak A e AL A 2 5

FKHITG-DSC /3 ¥ CF@RT A it VAt B [ 2(A)~(C) . 33 DSC £k ml I, CF@RT140 Fil
CF@RTI50FE bR T 7E 485 CAMAAEIRIRIR M E A/ it BEAh , 7E 568 ‘CALAETE W] i i ARFE A8 10 72, 31X
SEBVERET 0 20 A AR, 1 CF@RT160 7 5 T RAFES L0 A M, FE a5 rh A BRI R AR 1 4
fEad e, X5 XRD FHLE 2 R —3. lad TG fhZ il LISt CF@RT #4243 A AL A B S 1
FRATIK Ay, TR 325 A I IR BR AN TiO,, K43 I i n] Bl s B A 5 7%k # v TiO, 1 T gk o
TG 25k 88 it | 43 LL T DU, K BGR B3 S v e — e B LT Tio, My gt , XA B ok
TEAL R A
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Fig.2 TG-DSC patterns of CF@RT140(A), CF@RT150(B) and CF @RT160(C)
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Bt REFR LS . B 3(B)~(D) R ARER I SEM B F, DMMIAERE B ol I Y, Kb FRGTRE S il 22
LA AN, A WA R 30 T R e ML AR g I 2% 264, FURFERE SRR T —E ik Ak
YR LER s DORRIEZ ARG IR SEM IR AT LA, KIS , AR rh 324 K — 29 KR 45
H, HBEE KRBT, GRS R A e, 2B s A B g i ; R AI7E 160 COKIE IS ,
—AEGRNE R T ARV IR AR R TH , RIS M2 oA e, T BUREZR 3 wm 1 —4E TiO, 0K

Fig. 3 SEM images of CF(A), CF@RT140(B), CF @RT150(C) and CF@RT160(D)

X CF@RT160 A 5 FH AR R EA T T RE it (B X P61 (EDS) Ju E /- Hr [ B 4(A)~(D) ], 44
KA FEH TIAO L EM N, B 5(A) K CFQRT160 K 5 1Y =5 43 3% 57 fi 7 55 1% 8% (HRTEM ) B
R, AT LA B 90 7R Bk A0 4 K B il T [ 15 (B) ] A B 4 21 A AU THO, X I 8 (110) 5 T 1) i M 2% ¢
[EIS(C) ], ShiS i mbrasi—. UEB KGR Hcni 3¢ s D) AE K — 4 & 21 — A kit gl
KAREERE , XA MR AL T S T A

Fig.4 TEM image(A) and EDS element mapping images of C(B), O(C) and Ti(D) of CF@RT160

200 nm

Fig. 5 HRTEM images of CF@RT160

2.2 CF@RT @RI EL 1ERE
K UV-Vis I &5 T 7E 200~2500 nm 3% K 5 B P9 AR 5 5935 5 0 s 33063 (81 6) , DA 5T CF Al
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CF@RT (M EfE . HIE 6(A) AT L, CF #l CF@RT FE A F B MR A E R, Sery il 3% h
RS PeE . i 6(B) AU, o1 F bR L CF B RS, Hig | At flifh CF@RT & & #F i HAT B
TR s 4546 SEMZ52L, CF@RT160 KA T Z 0 —4E K TiO,, PRI S i m . FrfaAf
il B SEIRISCR N 6 (C) i, W WL, CF Al CF@RT Ff i 3 B 5632 ARt | AR E IRk
F85% AL, Wi T AR R AR EIR s AR B BRI 5 | A B R AT FTREAIC .

A —CF ®) —CF 100 HC) o
20} —CF@RTI40| 40l — CF@RT140 Y e ————
= CF@RTIS0| _ CF@RT150 N
S 10f CFaRTI60| & | CF@RTI60| &
S 3 T so0f
E0ph- —oilf S £
z i é 201 g 70
£ 1oL 5 2 B —CF
g0 I Z — CF@RT140
ol v 60 CF@RT150
| S — -w”{l CF@RT160
1 1 | 1 0F | | L | ! | L !
500 1000 1500 2000 2500 500 1000 1500 2000 2500 " 500 1000 1300 2000 2300
A/nm A/nm Amm

Fig. 6 Transmittance spectra(A), reflectance spectra(B) and absorption spectra(C) of CF and CF@RT

TE— KGR T 1 CF A1 CF@RT # f Y A D EHUKZE L PERE. Bl 7(A) 43 H T CF A1 CF@RT
HEA IR 28 8 IR 2 TR 8 R S AR AR 2, oI L, I R i %) 2 T L R 28 1 P -1 1)
T RE PIABT B, WA PR I 2 R 28 Rk AR IO AR = i G e, IR SRR 4t o)
FER T [ - A AL b o 1, R85 1A, eI 5 G B ik 2T, R TARUE ; L
BRI S R EE AR AL T LUE Y, CF@RT A FE i 4R B L CF AR IR R AR, X 22
A LT CFAE S, CF@RTFE i R 51 A bR S5 EIRIBCR A FTREAIK . XF CF F CF@RT {4 2 (1 634
IKZERBCRIEAT /0T, B 7(B)7R T RRIAR R W SCi i g i 2 i MUK ZE &%, al L, 5| A A fbEk
J& . IR MOCR RS, 2 A FE S K ZE R R CF 23T RS, A RKEZ —24E Tio, 40Kk 11
CF@RT160 14 Z 175 & KK E 0. 89 kg m-h™' [ K 7(B)#fi[& ].

0 a@ - CF
. - CF@RT140
% 02 CF@RT150
g S 04l « CF@RT160
g <
§ gn 0.6
Q
g % —=-CF 5 —08f
& 3l / -o- CF@RT140 2
/ CF@RT150 S -l0fo o
' v CF@RT160 )
28k -121 Evap(?ratlon rlate/(kg~1111‘2~h‘l)l l
0 12 24 36 48 60 0 12 24 36 48 60
t/min {/min

Fig. 7 Water evaporation performance of different systems

(A) Real-time surface temperature; (B) mass loss and water evaporation rate(inset).

FENHOKZE KMt R, [R5 00 T R [RIZ5 & #5 1 MB YGAEAL R MRt RR . B8 (A)~(D) 43545
B b 76 5 A5 PR P U B 12 b RS R i 4, nT UL, W 12 h S, CF, CF@RT140, CF@RTS0 FI
CF@RT160 W B 43518 62. 5%, 64. 4%, 57. 1% F160. 5%. 1545 THLIRMH Z2FLI LS L5, FF 5 i
BRERAAE 60% 2247, X AT BT TiO, % MB 20 F B3R, fe it AR e fb s v skt s .

EI9(A)FI(B) 435124 CF Fl CF@RT160 Ff i i LA MB I 2290 AT WL GIE , B AFEAA R IhZk
W6 BE(EL T R HE R, B T TiO, B R 72 . R ] B fh 1A 2R A MB R FR 50K an & 9 (C) Al
(D) 7R, AL, BIA—4E9K TiO, )5, B A 78 K 4% MB (R RCR I B 3271 HLBE Tio, 45 &k Ml
NI £ BRI R, CF@RT160 2B H i 1Y MB [ A# % (2.5 h, 74%) , 298 CFR R
3%, WEBH TiO, AR 5 5 | A S RS B R Mg A HLT5 /K 75 e, X i e 305 7K ab PR R Hh s
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Fig. 8 12 h dark MB adsorption rate of CF(A), CF@RT140(B), CF @RT150(C), CF @RT160(D) samples
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Fig. 9 UV-Vis absorption spectra of CF(A) and CF@RT160(B) for catalytic degradation of MB under
sunlight and MB degradation activity of CF@RT photocatalytic system(C, D)

Y TR ) A BURAE .

TIA, AT T E A FE S CF@RT160 Y6 #UEAL S J5 1 SEM BE (&1 10) , BB 10(A) AT I, g2k
BRI At s BB AR L, B 10(B) ] UL, REA R MBS, KSR A K 1)
TiO, AN AR E 454 .

h T — 2 R UE A R A R BT IS R R, R HOK R R R . PR
CF@RT160 5 CFFE S AT B ] (R EHOK ZE R AFIRIR, 43H 75 Y (1) 120 B R f v /K 2% % MR 52
(1), AHE 1A FB) AT, CF5 CF@RT160 i fEL i 4 hIFIAZE & M FEp , HOKZE R 21
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AT HA W2 X BRI RBRAT 7K 7% o R B A PR U B HE T2 B BT, 1% T CF@RT160
FEih, AL R, BEEIEIAIT R AE K, 28 % RBWTHE , 44 IR G 28 & % & T4l CF A i
[E11(C) ], X FE 2T CFFE MR KB IR ZE R G, Ak 2 1 MBUTRR, BHAS K FHYGRY
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Fig. 10 SEM images of CF@RT160 after reaction
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Fig. 11 Cyclic mass loss of CF(A) and CF@RT160(B) system, cyclic evaporation rate of CF and
CF@RT160 system(C)
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Surface temperature(A), mass change rate and water evaporation rate(inset)(B), MB photo-

catalytic degradation activity(C) and MB photocatalytic degradation efficiency(D) of

CF@RT160 at different wavelengths
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Fig. 13 PL emission spectra of CF@RT160 samples at different temperatures(A), and transient

fluorescence spectra corresponding to PL emission peaks(B)
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Table 1 Parameters obtained by nonlinear fitting of CF @RT160 transient fluorescence spectrum

Decay time/ns

Relative amplitude (%)

Sample Temperature/°C Average lifetime/ns
7, 7, A, A,
CF@RT160 25 0.93 4.21 48.93 51.07 3.064
CF@RT160 50 1.02 5.81 46.79 53.21 5.17
CF@RT160 100 1.20 8.99 55.20 44.80 7.89
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Scheme 1 Working mechanism of photothermal catalytic coordination
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