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ABSTRACT: The shortage of fresh water resources has become one of the most serious global challenges faced by human
beings in the 21st century. The interface solar desalination technology has received extensive attention due to its advantages of
energy saving and environmental protection. By virtue of photothermal materials, interface solar desalination absorbs solar
energy and converts it into thermal energy, which is heated at the air-water interface and condensed by steam to produce clean
drinking water from polluted water. Well research progress has been made in carbon materials such as carbon nanotube, but the
high thermal conductivity of CNT will cause a large heat loss. Through designing the combination of CNT and other materials,
better water evaporation performance can be achieved.

CNT was grown by chemical vapor deposition (CVD). The quartz boat with porous Ni mesh was placed in a tube furnace,
heated to 860 ‘C under N, atmosphere, and the mixed solution of acetonitrile and ferrocene was injected for 40 min to obtain
Ni/CNT. 1.45 g Ni(NO3), 6H,0 and 0.16 g thiourea were dissolved in 30 mL deionized water to obtain a homogeneous solution.
The Ni/CNT and the uniform solution were placed in a 50 mL Teflon lined stainless steel autoclave, and maintained at 120 C
in an oven for 8, 10, 12, and 16 h, respectively. After drying, Ni/CNT/Ni;S, was obtained. The surface morphologies and
structure of samples were characterized by scanning electron microscope (SEM) and transmission electron microscope (TEM).
The phase composition and surface elements of samples were recorded by X-ray diffraction (XRD) and X-ray photoelectron
spectroscopy (XPS). UV-Vis-NIR spectroscopy was used to analyze the light absorption capacity of solar evaporator and
electronic balance was used to record the evaporation of seawater. The change of ion concentration before and after seawater
desalination was measured by inductively coupled plasma optical emission spectrometer (ICP-OES).

Ni/CNT/Ni;S,; composite film was successfully prepared by CVD and hydrothermal synthesis on porous Ni mesh, and solar
evaporator was constructed. CNTs were bent and wound on the porous Ni mesh, and Ni3Sz was uniformly coated on the
CNTs. The best hydrothermal time for Ni;S, preparation was 12 h. Porous Ni substrate has macroporous structure, which can not
only float on the water surface to achieve interfacial heating, but also provide water transport channel and steam escape channel,
with good corrosion resistance and mechanical strength. CNT and Ni;S, have excellent photothermal conversion capacity. The
Ni/CNT/Ni;S,-12 solar evaporator can absorb 90.1% sunlight in the whole solar spectrum. Under the illumination intensity of
one sunlight, the evaporation rate of Ni/CNT/Ni;S,-12 solar evaporator is as high as 2.57 kg-m’2~h". The Ni/CNT/Ni;S,-12
solar evaporator can still maintain a high evaporation rate during the 48 h cycle, showing good cycle stability and it also has a
good evaporation effect in different mass fractions of salt solutions. The concentration of ions in desalinated seawater and
sewage reaches the World Health Organization's (WHO) standard for safe drinking water, indicating that the Ni/CNT/Ni;S,-12
solar evaporator has great potential in practical application of desalination.

KEY WORDS: composites; thin films; solar energy; interfacial evaporation; desalination

Bt 4 BRI PRl A R K 8 DR LR [ R H 2 R
TKIRACHAST 2 1 Ok B R A TR, o2 K P REY
HKIRMEARPIFATRE . IR ELRMTBRAT T2 58
T o (AR G R BH BB A IRAL TR, SRR AR,
P, R TR AN ARk, FiE
K BHBE T KR AL B ARG BT RHE 23 7K S K
K PHBEREAL g PARE , BRI BEfE (R /PSR e, A AS
BRI, R TOC R,
0 SR GRS MASE TI0 57 BRR BHBE D b

HHT, |2 HOE FOCRBDRHL R RAR BRI
BRAAEE . SR KR 71O 2 bR
ZALRG YT SRR P AR R I w6
Xt LT ROR T B RE R D, JLAF AT LA R A KB
ek, HATRE I RE S o [RImE, SbrRR IR
2, WA, B SRR A R 5 T A T4
AE S 15 4% J IR AR RHZS G 1T ke ae i oKk 4
(CNT ) MRS E P DR AR 256 il — P B 2 A e 1

Al LA R EE R PHEE , 76 1A K BHYEHE (1 kW-m™?)
TIRE] 1.31 kg/(m* h)YZE & 3%, K2 ONT &3t
AR ERESINY, 7E 280~820 nm P HEIAF] 99%L) Y
MR, WCEE R K P2 AR K ZE R, A IR TK b
WE o AR SCBE B ONT X — 22 LR R AT RFEA T B 5T,
CNT 7EOGHET DL 4R sh B == AR e, ik
HOGE, #EERIRE, 2 CNT iRl &,
FRR R AN S, B i R W ) B
XKoo TiAN, - URM RHEIE: B K IR LS AT
HMAREE, % T, gmfkel. X 5P &
)94 K 9% NisS,@NF 2 3 B 5 19 K BH BE % i
(93.13%), 76 1 kW/m* fGom T 28 & R ik 3
1.53 kg/(m*-h), BT AMEAFEKME, KBDERS
HIER RIS, EmZE R TERE. E2HL Ni &
T 2 R AR NS, BERSTE K BHAEZE & A h
NE R R B, IR AR TE K . AR SO
NisS, 7125 CNT il &= G 6B R, NisS, ik



- 356 * wm #H R

2023 4 4 A

FRLT CNT, BRUSH P R S AE e b R R T
et KIER

HAR K FHAEZE L AN B0 T EUS T AR KRk, 5
TEM R BETT LA — R 2 B L AL i v
R4 RME S e84 Zp 1, 3 RS SO PH WS AR 5 1
ERUTVE, DA R A AR, Ry T R DA L ) R
AT B T b . AURE = 2L Ni
YEREHM R LR, e R A2 AT (CVD)
B, 7EZ24L Ni W Ef4 CNT, FA KRG i
£ NisS,, /K NI/CNT/NIS, KFAREZE & 2%, il
T PR K B R] i 5 R 31 Ni/CNT/NIS, K BHAEZE &
i, XTHZE R EREIEI TS

1 X5
1.1 w8l

WIRFT R EM B . K8 (CoHoFe, 4liE
99% ). ZJBE (CH;CN, 4iJF 99% ). Wi ( C;Hs0,
alifiE 99.5% ) FJo/K LB (CoHsOH, 4lifE>99.7% )
W F B ER B BE AL T A R A Al 7S K & i R R
[Ni(NOs),-6H,0, 4liJF =98.0%]4 [ & 254 H fk2FiR
FIABRAF #ilk (CHAN,S, 4 =99.0% ) I [H K
A SR TARA R, U2y hatral, Z240
Ni M (fL42H 0.15 mm ) W4T HE g 22 A FR S A o

1.2 ERT4bE

et ZFL Ni MK 2 ecm>2 em, K5 IR
ToK CFE . 3 mol/L g . 228 17K 43 5l M T vk
5min, KFREHERAMARY . &2 TEE, H53m
Ab PR 2L Ni #

1.3 HEHE
1.3.1 CNT Byl &

K CVD A 860 C A CNT. LU
NG R, AR, A 2L Ni WY
AFEFFRCAE P, 78 N, (500 scem ) 4R Mk,
FHR % 860 CJa, 75 Ny Jiii iy 200 scem, [A]H{E:
B B AR AIR AT 40 min, PP 1F
FRIARHEEE, 53] Ni/CNT,

1.3.2 NisS: Kol &

# 1.45g Ni(NOs), 6H,0 F10.16 g filki% T 30 mL
EEFKD, @BAEBAEAR RSB . % Ni/CNT
BT 50 mL KIS 28 v, A BE I 4 Y 2 S T
R A R AE 120 C R AR 8,10, 12, 16 h,
RN EHRBNERR, HEE KRk, T8RS
73 %] Ni/CNT/Ni;S,, B4 & 4 5l 4y 4 4 Ni/CNT/
Ni3S,-8 \Ni/CNT/Ni3S,-10 . Ni/CNT/Ni3S,-12 \Ni/CNT/
Ni3S,-16,

1.4 #HIRIE

FH X SAT5HY (Rigaku Ultima IV ) X FE 5 4
an R EE K AT RAE , ARG R 4 (°)/min,
ML T B8 ( SEM, Apreo S HiVac ) Flif 5 Hi, 7 i 3
%% (TEM, FEI Talos F200 ) ke BOOMIE S .
7E 200~2 500 nm P, UL BaSO, #3{A H2: 88, 1] Lambda
750 S YEIEAIC SR AT WAL 2T AMNE I g .
JEEERREC (1) THEAFR], o TR R 4390 0 51 %
FSES R {f FH] DRE-TIT Y S B 28 K0 2 & A4k
IR R LA AR AL ( Fluke TiS40 ) g S AE i
YR EE o FHAZ Ml A 43 A (TY-82B ) il A i 3R
T P14 7K 422 i £ o A P Pl B 5 S5 8 T RO B ST

( ICP-OES, Agilent 720ES ) & i 7K H 1 B8 F I

A=1-R-T (1)
1.5 KPHBEEKRMLILE

KRB KRR AEE W (=25 C) FibAT,
AR BE 29°8 40% . K H 4T ( CELHXF300, AM1.5)
VERRBIBUER , ROR LM (PE) HERIE NI,
Ni/CNT/Ni3S, 1F R K FHAE IS, 5 #e AL [R5 2 K
PHAEEZE & 4%, W HEEAE A 80 mL W /K 1R U &
s (PTFE) Z54n WHEATHEREMNRA . i /K 2% K i SR ]
it (2) S5,

m

V= o )

K m ML KAEE, kg; 4 WK
PHW RS R AL, m?; ¢ 9 K PHIRGIAE], h

ik (3) AR,

U, =AH, ,my=AH m, 3)

P AH oy F AH gy 53990 9 2K FIRE i B 28 048 5
mo FI1 mg 53530 R 7K FIRE (it A7 i ] P %) ot ot A2 A

2 FHERKITR

2.1 EmERY &R

M 1a iTLIAE W, RG240 NI W20, &
WG . 76 CVD Hil & e, SR iR, =ik
T B R ST, R DT R B A R R Y T
TERMVE TS 5, 72250 Ni MEmK
AL CNTE, HE 1b, ¢ AL, ONT 2l 4iges: K,
FESh T AR HBE, CNT EREEZN 1.058 pm,
TEK A BT FE, Ni(NOs),'6H,0 5 CHuN,S
A)ff, 7E Ni/CNT RHETE MK NisS, B 1d fil e Ky
Ni/CNT/Ni;S, Bk A5 SEM Elf%, NiS, fufE7E CNT
b, 7EZAL Ni EREAERRRYM, CNT/Ni;S,
ERERELN 4173 pm. B 1f—i 53504 Ni/CNT/
Ni3S,-8 . Ni/CNT/Ni3S,-10 . Ni/CNT/Ni3S,-12 , Ni/CNT/
Ni;S,-16 B SEM JESi, Ni/CNT/NisS,-8 MR



B2k A FHL, 4. 2L NI/CNT/NisS Z G MR R A9 B L HO eI KR L e g 357 -

X ESEH CUE 1f), w1 AR B a5 m REEH, SAKFHER: (WE 1), [P RS
Ni/CNT/Ni;S,-10 Fl Ni/CNT/Ni3S,-12 [ NisS, JE i AN, HES B B

ARG AL AE CNT PO ONILS, F 35 A 40K A4 A & 2a f& Ni/CNT/NisS, i #  iY) EDS F& ( X35
XEEYK AL %4 . NiI/CNT/NIS,-16  FK T H L% 1 AR AE RO ), KR Ni, C. S3FhLE,

7

f Ni/CNT/Ni;S,-8

N : v M b o s
g Ni/CNT/Ni;S,-10 h Ni/CNT/Ni,S,-12
B 1 Fril & HE S ) SEM JESI

Fig.1 SEM images of samples prepared: a) Ni; b-c) Ni/CNT; d-e) Ni/CNT/Ni;S,-12; f) Ni/CNT/Ni;S,-8;
g) Ni/CNT/Ni;S,-10; h) Ni/CNT/Ni;S,-12; i) Ni/CNT/Ni3S,-16
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Fig.3 Structural characterization of Ni/CNT/Ni;S,: a) XRD image of different water heating time;
b) magnified XRD spectra in the 20 range of 68-80°; ¢) XPS spectra; d) Ni 2p spectra of high resolution;
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Fig.5 Photothermal evaporation performance of evaporator: a) outdoor solar evaporation test in natural sunlight;
b) diagram of indoor evaporation device; c) evaporation rate of under the same light intensity;

d) change curve of surface temperature of Ni/CNT/Ni3S, and seawater; e¢) water evaporation in the dark and
evaporation enthalpy; f) evaporation rates of under different light intensities; g) the evaporation mass change of
NaCl solutions with different mass fractions; h) cyclic rate curve of Ni/CNT/Ni3S, evaporator;

i) SEM image of Ni/CNT/Ni;S,-12 after cycling test
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Fig.6 Desalination performance of Ni/CNT/Ni;S, evaporator: a) concentration of main cations in seawater
before and after desalination; b) concentrations of five heavy metal ions before and after wastewater purification;
¢) UV-vis spectra of Methylene Blue solution before and after desalination
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