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Abstract: Solar-to-steam generation technology based on photothermal materials is a promising technology for desali-
nation by utilizing infinite solar energy. However, salt accumulation on the photothermal materials due to steam gen-
eration by locally generated heat at the interface between photothermal material and bulk water, can decrease solar-to-
steam conversion efficiency. In this study, a coating agent based on cellulose nanofiber (CNF) and polyethylenimine (PEI)
nanocomposites with high salt resistance was developed. The CNF-PEI nanocomposite was coated on the top surface of
the photothermal carbon felt for improving hydrophilicity and cationization to suppress the salt accumulation on the sur-
face. Structural, optical, and chemical properties according to various amounts of coating agent (CNF-PEI nanocom-
posites) were analyzed, and salt resistance properties were confirmed through a solar-to-steam generation test using a 3.5
wt% NaCl solution. The CNF-PEI nanocomposites have advantage to be used as wide applications for solar-to-steam
desalination due to the possibility of coating on various types of photothermal materials.

Keywords: solar-to-steam, cellulose nanofiber polyethylenimine, coating agent, salt-resistant.
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Activated carbon CNF-PEI

fiber felt (AC) nanocomposite (CF)

Figure 1. Schematic diagram of the coated CNF-PEI nanocomposites on activated carbon fiber felt (AC-CFx).

Figure 2. SEM images of the AC-CFx. (a) AC-CF0 of top view; (b) cross section view; (c) AC-CF6.9 of top view; (d) cross section view;
(e) AC-CF11.5 of top view; (f) cross section view; (g) AC-CF22.9 of top view; (h) cross section view.
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5~30 nm FEZ AC 7|55 2538] 57t 7HsEols &
Tl AC T AFEHT o2 FAHH olf= UeEgt
Ao A7F &3 wjEo|t}. PEIE amine AlE F47]S 711
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Figure 3. UV-vis analysis of the AC-CFx.
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Figure 4. FTIR analysis of (a) bottom side; (b) top side of the AC-
CFx.
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sample in the darkness and while working under 1 kW m™ sun irra-
diation.
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Figure 6. (a) 8 h Solar-to-steam experiments of AC-CFx with 3.5
wt% NaCl solution under 1 kW m™ sun intensity; (b) Measured
amount of salt, formed on the samples after 8 h solar-to-seam oper-
ation.
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Table 1. Sample Names and Main Components

Amount of deposited CNF-PEI

Sample nanocomposites (gcxg-pe/m>)
AC-CF0 0
AC-CF6.9 6.9
AC-CF11.5 11.5
AC-CF22.9 22.9

Table 2. 8 h Solar-to-steam Experiments of AC-CFx with 3.5 wt%
NaCl Solution Under 1 kW m? Sun Intensity

Solar-to-steam experiment  Salt accumulation

Sample (kg m™ h'") (&nacr/Zsample)
After 1 h After 8 h After 8 h
AC-CF0 0.98 1.09 4.60
AC-CF6.9 1.04 0.90 1.97
AC-CF11.5 1.10 1.10 1.73
AC-CF22.9 0.96 1.01 1.30
AREsle] H -7 FAES BRI th(Figure 6(a)).

8AIZH] B E-57] e s WA 5] A E
T ARHEA I 271 A A AR djoll AC-
CFxe] 57| WAES 27} 098 kg m*h!(x=0), 1.04 kg m*h"
(x=6.9), 1.10 kg m*h'(x=11.5), 0.96 kg m>h"'(x=22.9)1 3l
ek 2 A7 W o) 5] A ES 27 1.09 kg

m>h(x=0), 0.90 kg m>h'(x=6.9), 1.10 kg m?h'(x=11.5),
1.01 kg m2h'(x=22.9)0l @3t} 8A17F ArellA] Xy E
g7 ARt 757 AES BE AC-CFxollA
712] Wk e39kom, CNF-PEI W5t "ol o3k o
AE Aot s &3ttt 22yt AC-CF0 A 571
WA Eo] ABEA] e olfe HE

r=7
ol $HHoE &
F AAe] PATAT ol F FRENFOR &Fo] 57

x| ot 57 BYE Asl dFS FA ¥tk &
=2 AeE 289 geotar] 9t XX B d-r57 ]
A& /\]-%-%1 AC-CFx9| &7 3 % S 31 tH(Figure

6(b)) AC'CFX'/] —}1\—% :'TX_-} %]:8 7 460 gNaCl/giample(X 0)

1.97 gnac/Zsample (x=6.9), 1.73 gNaCl/gsample(X 11.5), 1.30 guae/
Zeample(X=22. 9)°ﬂ 3$tH(Table 2). CNF-PEI e Eeky <

o] Z71d4E 2AE Ho] v|AY ZhAart skel QD:] g3l
0ﬂ7~7<4 ;q-av\—]o Eowo :@Lo o]_O:h:], oﬂ Oﬂf\‘] 2180 = EHo]:

Sz Wy =4 Axtel AZo] A=A FE =4 A9E
EQE HZ o ME2 ACCFIISE 529 + »‘E} AC-
CFl1.5E 7P =2 7357 SAES HolH, =2 9454
A8 7HHth AC-CF11.5% AC-CF0°l 18}04 B

2 7Fo] 63% 7HAskTh.
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