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Abstract: A new type of solar-driven steam generation (SDSG) for desalination and water purification, characterized by
local and interfacial heating of water using nanostructured light absorbers, has recently drawn great attention, which over-
comes the limitation of low efficiency of conventional SDSG, a bulk water heating system. Here we devise the cellulose
micro/nanofiber and Au/Ag nanoparticle light absorber (CMNF-NP) for SDSG, which is composed of Au/Ag nanopar-
ticles as the photothermal material, cellulose nanofiber (CNF) as the main substrate for immobilization of nanoparticles,
and cellulose microfiber (CMF) as the fillers for enhancing mechanical property. For the substrate, the addition of
5.17 wt% of CMF in CNF (CMNF) enhanced tensile strength by 2.9 times and reduced optical transparency by 2%.
Although the steam generation efficiency of CMNF-NP was reduced by 2.3% by the addition of CMF, the trade-off is
worth to make considering the application of this light absorber into practical SDSG system.
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AlF 2 X Z. Gold(ll) chloride hydrate(HAUCL 3H,0,
>99.9%), silver nitrate(AgNO;, >99.9%), polyethyleneimine
((CH,CH,NH),, =50 wt% in water, Mw: ~750000)< Sigma-
AldrichChemical Reagent Co., Ltdol|A] T 3lT} oAl E
(CH;COCH;, >99.5%)= Samchun Chemical Co., Ltd®] 4]
TY3lth Cellulose nanofiber hydrogel(CNF)(2.21 wt%)+=
Anpoly Co., LtdollA] <33 th. Hardwood paperi= Hansol
Paper Co., LtdollA Al g3 F3ch.

Zan, 44478 A)35, 2020

-2 - obra] ok

ol

Au, Ag LI IXte] M=. Au ¥ Ag NP= polyethylene-
imine(PEI) &2 AR A2t WA, Au NP2 34
< S8l 7F4(60°C) B A7) LHH600 rpm) Sl 0.03 g€
PEIE 25mLe] FF<oll &A1zt ole]A, 0.5 mLe]
HAuCl, =& H@8mM)& FHstaL, L3 22 shollM
30 min %t Al wnkskth Ag NPo| 42 913, 714
(60°C) 2 =}7] K600 rpm) el 0.04 g¢] PEIS 2.5 mL
o] ZFoll &A T o)A, 2mLe] AgNO, 8-
(88 mMys H7Fskal, Fdet 24 stellA 302 et wikE
A stk ¥ %, Au, Ag NPE oHIES 8= st
23] AAEE] 2 AT TR AuAg=4:6 Y|&Z S7F(5 mg/
mL)°l FAHHATE

CMNF, CMNF-NP X|Z=. CNF -2 7?18+ CNF hydrogel
ol FHFE A7l 11 mgmL FE2 348l A %3519
t}. CMF £ hardwood papers 70 °C2] 57 3 mg/
mL FEZ 30 &<t HAAAZ &, T Ux71E ARt
5 B BAMAA AZsIA T CMF &3 CMNF Al2HS
el AZE CMF €9 0, 1, 2, 3mL=E 2F2} 5mL CNF &
N3} EFBIA (A7) aHE, 600 rpm), ©]F CMNF &2
5cm A7¢] ZEkaY FAlol FAL Q860 °Cyell A 124]7F
5ot ARAA AU CMNF-NP= CNF £ 5 mLojl
CMF &9 1 mL9} NP &9 4mLe} PEI 5589 (20 mg/mL)
1 mLE FYstk 38t 18k, 600 rpm). CMNF-NP
8 55, 11, 22, 33 mLE 717} 5cm A7 9] Fek2Y HA
o L QE(60°CpPIA 12~]7F 5 AZFAIAH CMNF-NPE
Azt

CNF, CMNF, CMNF-NP2| 7|HIX EM & T S3/5
o EM EM CMNFE-NP Z & 9] 3AHS national nanofab
center(NNFC)e] A7 W& FAF A7 &1 7 (FE-SEM, S-
4800, HITACHI Ltd, Japan)ys AMg-51o] a3t CMNF-
NP ZE9] 33 54S S4317] Slsl G4k vhAL UV-VIS-
NIR #53 335A|(SolidSpec-3700, Shimadzu Co., Ltd, Japan)
£ AMESIATE. Bl A S597] (Precision Thickness Gauge-
FT3, Hanatek instruments Ltd, UK)E ©]&3}o] CMNF,
CMNF-NPe| 774 2 EH roughnessg 57431t CMNF
o] A= W5 A4 (TO-100-IC, TESTONE Co., Ltd,
Korea)= S8 = AT}

ENSE-57| Wl =X, gF3-7357] 2 43 st
L12(22-25°C), +=(18~25%) solar power(1 kW/m?)e] =74
< FAEKATE A8 B =g A& ©|E|(PEC-LO1, Peccell
Inc., Japan)?} & A7 WIS Ao R SA35] 918
2} A1-2(Fx-200i, AND Co.)} CMNF-NP9| ¥H &%= A
7ro g =43h7] 918 IR 7M2HFLIR 720001, FLIR Systems
Inc., USA)E 745 90tt. CMNF-NP2] @S- 28 0.25 mm
€] paraffin 25 35 7o 70mLe] &3 E2A7]4L,
A S Eal] BS %4202 CMNE-NPo| ZFA 7Tt
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CMNF-NP 8. Figure 1> CMNF-NP] A% 34 <4
£ BAEE JeRl Qi) Zh ©@Alex 9] htelS gl A
(solution casting) ¥ S & STHAIFOEZN gF2 I&
Aok A AN F8]E CNFE CMNFE-NP2] 7}
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g B T
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vl A oFgk CNFE Hehste] CMNF-NPE| 71414 7=

ol 9GS gt AA DdAloA FYEE Au, Ag

w2k 3 WHel 228 PEIE SHUAIR o] &ete] g
AEH, T4 Alell EH oRIZI(-NH)E 715 718k= o] 3
oA CNF ®H ] 7124 7](-COOH)$} FEFo]| =(-C-N-) 24
S & 4 AL o] & Qs CNFol| eFg &9l 1A} 715
altH(Figure S1).22 o] ©AlollA 71207 £9l¥]= PER=
ol IEAR 2o]& HH M3lE zh= CNF9} CMFZ
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Figure 1. Schematic diagram of a three step synthetic process of
CMNE-NP.

CNF, CMNF, CMNF-NP2| 7|A[X =M 3 & &2/E=3)
EXM. Figure 25 A% 34 1 2 2971914 CMNF Z £
E3HE CMFe] Fhegoll wE 33t w7 olm|A|, 7oA 22
), 9w 2 4 e AFHES HoFT Tt Figure
2(ay= CMEFS] o] S71gtel] weh CMEZ} A ok 1A
o] T7kele AT e HolErt. Figure 2(bye CMF
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Figure 2. CNMF with various contents of CMF: (a) The optical microscopic images; (b) film thickness profiles; (c) tensile strength and trans-

mittance.
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sheFo] Fristel wet T Wk AA Afol7t glov, &
He| A7t F7ele 73S BoFTh. Figure 2(c)llX=
CMNF®] CMF9] 71l whgk CMNFE] 17874 =7F S7Fet
£ A3= 2t} 0.8 kgf/mm?] AFYEE Z2H= CNF| B
3 5.17, 9.83, 14.1 wt%2] CMFZ 3718t CMNF2| 01747
T¥E 23,29, 52keffmm’E 2+7} 9F 29, 3.6, 659 F7}3)
t}h. 71¥el] BaE CNFe| Q7%= 1-1.5 kgf/mm?o] T}
| 91%2] 3 FEE Hel CNFoll HlslA 5.17, 9.83,
14.1 wi%2] CMF7} 371l o2} CMNFe] % Fahee= 7t
7} 89, 85, 78%= Aotsl= A3E BT ol F3Ado]
w2 CMFe] |4 2HA] vl F7ket 31 AZ7] STl w
2 33 Ak 3ol o)t Aolth 5.17 wi%e] CMFE F71gt
A9-e] #F FheE F7RA 2 CNF 259] 3 T3
Hlal oF 2% AE yroll Wolx]A] & v I EE oF
2080 FEQ7] wlEe o] CMF §HF 2712 35 CMNF-
NP ZE e o= At

Figure 3(a)°ll CMF 5.17 wt% $He] CMNF Z&52] AR
< BTy Qe FHEI fAEA e AL E@RIT
2lem Figure 3(b)2] % &5 2#EF0A 250~2500 nm 3}

10'0 nm
—

100 nm
—

Ry CMNE-NP
E 60
a
g 40 1
<
20 1 CMNF
0

500 1000 1500 2000 2500
wavelength (mm)

Figure 3. (a) Digital camera images and SEM images of CMNF and
CMNF-NP; (b) UV-Vis-NIR absorption spectra of CMNF and
CMNEF-NP.
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Bl AAA Bt %= F FrETE WA fAEE A

& 4= At} o)) Wkl Ag, Au NP7} £3Hel CMNF-NP
= FYgel] AHM N%E F2 F FEEE 7RI o
AR IMtHE AL AR B 4= 9l tKFigure 3). &
3] Hlg oluA 9] 82%7F A= o] = 350~1000 nm 3}
& G0N 85%2] w2 FFT EE&S HolH, o= CMNF-
NP7} 9531 4 W3l A2 282 5 S-S HojFEg
Figure 3(a)= Wi=YAt 23 A3, = CMNFS} CMNF-NP
o] FA} Az} AnA o|nxE RS gl=dl CNF] 27
2 5~10 nm FEC]AL & F3H|] PAS HLIt. CMNF-
NPe] Z-9ole F24 siihtrt 7l)7)e A 2ol ¥ A
02 Hole xprt B = YAkl 27]= 5~13 nm
o] 217& 7AW, CNFE& 7~14nme| F73& 717t} ojuj
CMNF-NPoI|A4|€] CNF #7do] CMNFAAHTh T & RS
& 4= =), o= PEPY 2J3k 815k A3t PEI-cross-linked-
CNFl| ¢Jsle] CNF7F Zgtete] Wlst o8 & & Qlop.»

CMNF-NP2| EigfZ-+57| Yl S8 =3H. Figure 4(a)
= HEEE7] A AR X0 BA ot w2 Bdd

a -
) Solar
IR camera Simulator

Temperature I /CMNF—NP

L E———

Paraffin film
outer | P
1 Water Eaa S

Mass change Filter paper

data Polyethylene cup

b)

Figure 4. (a) The scheme of solar-driven steam generation setup
using paraffin as insulation layer and filter paper as channel for
water uptake; (b) photographic image showing solar-driven steam
generation under 1 sun (1 kW/m?) of illumination from the solar
simulator.
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Fo] VIS FA A s S50t 7HAgtl. CMNF-
NP 39 &% T2 ¥ 259 & d& Wl o 4
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7h, &9 AT E A7 AskE JERISITE. CMF §Eol 0,
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¥z} Wit 1.34, 131, 1.23, 0.98 kg/m’ho] 3L, &%= 74z}
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BT WA 2"l 288t A eet F FrAE A
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EA] FAE AAsslaat voFet AR st 2
9 FAE Ha 13, 21, 39, 54 umZ =7 = ) tH(Figure
S2). Figure 6 ¥ Figure S3+= CMF ¥ 5.17 wt%2] 2719l
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Figure 5. (a) Mass change; (b) surface temperature of CMNF-NP
according to the different CMF content. Solar-driven steam gener-
ation flux and surface temperature of (¢) CMNF-NP with different
CMF content. (Experiments were performed at room temperature =
22-25 °C, humidity = 18-25%, light intensity = 1 kW/m?.)
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Figure 6. (a) UV-vis-NIR spectra of CMNF-NP composite films
with various thickness; (b) solar-driven steam generation flux and
surface temperature of CMNF-NP with different various thickness.
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g FrAle FAE 21 pm= H A8t
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Supporting Information: The data on stability test of
NP attachment on CMNF substrate, the surface profile of
CMNF-NP with various thickness, and mass change and
surface temperature of CMNF-NP with the various thickness
are contained in the supporting information document (http://
journal.polymer-korea.or.kr).
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