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1. 515 BT R E R R SEATRE, Bl KR I B

WeFE[14-16].
BEE AR AW RZAK . Tkl ()3 30 & i FETHADCHMRL, WGk E . SR, Rt
ARG, BEUE AR K BT B R A 2R T I M FERAG AP, LA S AHT ) 45 R T [17-26], K FHEE
B B AN I [1-7]. KBHBEELZ NS . HZ A, HEIAGEIRIG KRB AR DA IK 75 R 2R AL 43805

V3 D) 25 F B /KRR, DRk, R O B 8 S 4 i K
TR —FI T & T REEL K R SRS, A e N
AW KK K TR [8—11]. HEARINHGHEL,  FTH In A
BN R BH BE PR I 7E 28 K = AR B FR AL, FRA A 2 AT
PRI R 1213, Rk, KRHAE S 1 28 18 R
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QUG I R B MEZE K2 E RS FE T e 22 3 5L
R AIEFEAFI[33]; @i LA RIR, FTREX 8K
SERE AR, (78 R AL GRPHAEM AN B R A
e, R R R R e, T AE X 25 R i
IR [34].

[T IX e HR R, BEFCN RTE s TER IS B 25 b
B OK BH R FLTH 78 R R E[35-39]. fE LRI, @
A B T L 7K R T BRI P B 7 S 6 A A 28 R AR
FEZSRK T, IA B T8 K 1) H 1[40-43]. AT, X
A R o 1)L 7 R THT 2 8 0 288 R 3 At G ) RS, 4 LAt
M Fdr. RS, & RIS R, ok 2,
A g 2 3G 0 O REHE O KUK, X B AR B B AR S
+[44].

FER BH Be IR BN A EFZE T, B SR KL AT DU
AR POE A RS S PR . R, KR )
IKARJE BT CAAT R85 5 45 205 e, 75 2 S A5 Hp R 4
KR, EARRBIEFIBIT. BAERHAE S S/K A
HEAT JR3 I S B s A e 35k 3 A vy 2 R e )
[45-46]. BRT, FEESE /KA 8 A P S
— MR, SRR PRERT AR K SE AN, B S /KA
IR T K, M TR KR T TV R e Sk
M. R, TEHEFE, FB5r i i B SR KR TH AR AK
BRI, AR E AT AR B8 65 V5 16 Wi T 3k AT e & 1
[47]. BRFLRIL, IXUCEFIE AR E A SRS,
K T AR B (48], 2N RIBRERE A,
FEAS A P 8 g B A v, SO0 R R ST R T AR B AN [ [49]
TX S 0 5 ) AT A S R AR B P BRI, AT A AT ST R
FEKTH AR A SR A5 o W IX P SR ) rp 23 25 4y
I FH TP 1 S K, DA SIZERR ST FR R A 7 A T A
FHAEZEIR[50].

K FZENEGEER K, R T —Fh A KE R e
U (SIFS) WIKPHREZE K A% 128K & HoA % i
W BAF BROL EEFE, ATk B 2 4 B FH R SR
ghEhinge . Wi g, EMFN, SClmE H KRR E R
WK ZEBIRAL . RE (CB) 1E R I Wb Rl 43 B
AR A, A HORBHBEM I ZR I 31 96.35%. 7L I Tl
Bk (HGB) #i% AR R AT, PR K A8 k%
JE e PR PRI TE R T, 78 K A8 e 88 SR 7E/K T b3k
TR ZRR A R P S TR SR (ZSB) /K
FIERE A IR 15 Ak 2R K ZSB X /K 7 F H A 3805
e, FTLLRIIFZR R A PSR A KE , Bk, BT
(1 £h 45 & AT DA VA AR 1T AN 2 A D [ AR DU ARAE 28 R A 1
[51]. U4k, ZSB/K#EE AT LL4E & K Ko 7 T oK ik

B, AR R A AN BT E k[ 52-53], fH AR R AT LA
SR RGO R . 5 K RIK L@ (PS-D
FHEL, SIFS Z& KR KAFFH (E. colid Fl4: 8 47 %]
ERIE (S aureus) MIZEMZREZHRE >97%). fE—1K
PHHEEE R, SIFS 78 & #48 M A A3 0H 63.27%, 283K
FEA R N 1.35 kg-m2-hs 7B IR AU AR R 7K
HIRAE30 d, IZZE R AT AT IR B AL SE AR TS v, &
HR 1% 7% R A B A AR FE P R

2. KRE

2.1. MK

ZSB (95%) . N,N- V. H B XU ¥ Bt e (MBAA,
99%) Flid BB 4% (APS, 99%) W H 5 [ Sigma 2 7 ,
CB (20 nm) ¥ % [F Degussa A, Fok-2-FHFA AR
(HMPF, 98%) 4 H 7 [§ Adamas /A 7, HGB (100 wm)
W 25 E 3M A A, 5 R R DR AR A BR A w A
By, A7 AE 287K (DD 3 E Millipore &
giatifk.

2.2. SIFS Z& 4 il £

FREL 8 mmol ZSB Hifk . 0.04 mmol MBAA %z IE¢ 71 Fl
0.017 mmol APS 5| & F¥E T 2 mL 2% 3 /K e il /K &t i 11
IR K HGB IR, R IEIR & J5 5 & T VKA
4°CHEEH . 30 minj5, BEYS)ZE, B LEEER
HGB M J& & CB, 7RG 5 %% 2 58K U 4
(PTFE) #E, FEH#EH % . AR T 37 °C%
PER AL 4 h, 1930 [E 44 SIFS B Akt . [, #4440
ZSB /K& IR 2 CB 1 ZSB/G /K A At R

2.3. BT SIFS 78 K & e A28 18

KBAREEE (1 mm. 2 mm. 3 mm. 4 mm. 5 mm)
) SIFS 1 ZSB/G /K &R VIR~ A1 em x 1 em HAFE,
B TR TRKER I E M, FHERE AM
1.5 380 F el T e IR R B AUCOR BHOS, IR 6 R
91000 Wem™, b I E F ORI T #EAT O Mg K SE R,
A5 FF 30 minid S O LB &, YIRS R Z AR Bk 2 K )
KB . SIRa I AR A 2L MBI LIE S 5 A A IR e
1T H.

2.4. SIFS Z& R 2 H1Ptis 1 e

SIFS 75 R #s Pii5 HERE B B A . A fim (2
TANJED 5 G DA S btk 4 ZE M AT VE A -

TEEE E BRI, DL AR EIR 2 R AR 4 if



JEHEH (FITC-BSA) AMRMEE BT, A Ffan £
R B E i B 20 BN 0.9% 1) NaClig ¥ . ¥ FITC-BSA % T
PBS 22 M C B % 0.5 mg - mL™ VB (95 5 A5 LR B AE
R 3 E 30 mine ] PBS 22 VA VR R R MR RE L =
W, SR Ja ) E 5O BB WL 5% 9 F Imaged #0448 #F
st 2 T 2K 1 80 PR AR 400 o

TEAH B R BRI R 3 R [ A~ B 1 KT A
FALTR] VRN 4 B £0 ] A BR TR R T VK #2 M 2] LB (Luria-Ber-
tani) VRAAREEFRIET, FF37 °CIEJE F 220 romin™' i 77 B%
F5. RJE, KEBH 0.9% NaCl R B E) 1 x 107 cells»mL™!
WHERFF o ¥ J0 B AR IUARE SR 1 L 40 B8 B BETLAE 37 °C TR
L E 2 he BUHRAFMIFE S, 1 0.9% NaCl#2 28k =X
DL BR AR B B bR o KA IURE i B T i fLAR R,
A 1 mL 0.9% NaClf#iF¢ 5 58 492, %t FLARCGEEAT R] & 1
P AL TR 50 s, B AR T PR PR 4 BB R ES O o BOE
0.9% NaCl H . HU 100 wL 4 b # B i iR A P AR, 37 °Cit
WEEFR, TR R BT B B 7 AR <40 80 €00 81 26 K TR 1V 3
T G DA T S R sl o | N
SIFS B G EtI R E T 57 1 x 10° cells-mL ™" KT 5 1
LB R =K, @ HME 7T 2ME (SEM)
TG il 2 T 14 40 B8 R B R e

1% H A € ZSB/G A il gk AT P 5 Gl SEE6 DI B 5 4
IR0 SR A0 o KT AR it 58 AV VBN D vl R e 21
ERR R, P DL B KT B, SRR 2R T 1Y)
MRS

HA BT EE S VUl I SRR Bh PR AN R
WSEBGRAE . TEERVAMESLIGH,  IHEURE S T & 4
93.6 %HI NaCl (S5 /KEHEAHRED KFEHE T, # NaCl
W] At T B ot b, LS i 2 T 1 SR T AR L (37

TEER PRSI, RO RE & B T 60 °CHLAE b 45
48 h B JfiEm,, REWHEHET N THEKPREM2h, %
FHRHE B K BRI 8 2V K 20 & m, [63]. Ik
BAETEIR Sk, B AR (D HHEREREKEER:

R="2 (1)

TE AR IR SR 56 o DU RE L 7E 60 °CHE A P T 45
48 h & Jfi it my, SRJEFAE b E T 3.6% NaCl KVl H 56 42
B 24 h B E m,, HEKBFENET 60 CCHAFH T3 d
ZIHE m. FERIERF @A (2) 1HH[62]:

1 ms — ni,
0 =1=6.036 (m, - m,) (2)

FE KA BT AR MR 5 38 I % 48 30 h 11 3.6% NaCl /K%
TR R S RALE .

3. &R 51iE

3.1. SIFSZ& R s (f s it 5 il #%

o P S v] DLBLIEAE KT, AT SRR 95 1) K PR
BEREAT YA 1 FHRUE A o RS KM VB R 1 I 7 1
1 J5 TR & A i B A R B U, DR T A R
% B EE SRS IR B R, A 9% H HGB Sk SEHLHE 5%
KAEHE B (LB R AT E SD . SR ZSB
TR e ) T 2 R A ) R AR B, AT 1S K BH B R i 1)
CB BRI T 1% 28 R B0 57 A6 AR, SR THI S K P 3 23
O] HGB i 2 B2 3 70 78 28 K 35 T AR AL 77 162 21 B #
o R, Wl 74l ZSB /K EE FIAS CB [ 2 ZSB/
G /K& FAAEXT LE o

ZSB. ZSB/G HI SIFS 7K &t Ik 215 T bt X AR 20t
FREWE (XPS) I M- AF 4 2 463 (FTIR) A&
fIE, XPS iDL 284.8 eV [ C 1s W& HEAT R HE . FTIR 1%
W B s A B S2 BTz, 1465 em™ A1 1074 em™ 4L )
&5 W nT V)& T ZSB A5 I —N(CH3), —F1—S0, B fig
[54]. 1094 cm™ &b )15 5 & H1 Si—O—Si Mr 5l #& 1Y,
1192 em™ Ak ) J8 1 & H1 Si—O—Si A6 FR A 45 51 21
806 cm™ 4k 1 U& BT U J& T+ Si—O—Si I X FR A 46 [55-56]
XPS i B s A BB S3 Bk, 102 eV (1 eV =
1.602176 x 107 1)\ 168 eV F1402 eV &b 1)U 43 7] 6t B+
SIFS f1ZSB/G 1) Si. SHINJTE, [fifE ZSB A K6l
IR SifE 5.

T8 1) SIFS 7K B %5 2°8 0.42 g-em™, A LABECE
FE A B _F T AS 5200 3H 2 D ) T AS [ B s A i) ] S4
(b) 1o ARG, SIFS KEHR % T = E120.72 g-cm™,
TR T KB, DRI SIFS sk Bk HAT Shor HoARSE i B
LM S A R S4 (a) 1. 4l ZSB /KB B AR L
AT REAKME YA EMEE Y, (H 5 Hae
RAAFHETE . B [ B = ZSB /K B, e R 4 15t
WA 0.11 MPa, X T EAE SEPRE A PR A 1 B
. 54l ZSB/KEER M L, HGB % 4235 76 ff) ZSB/G 1
SIFS 7K Bt i 1 k4 155 & T = 21 0.41 MPa (LB 3 A i)
KIS5), T 3.5615. MUk, M9 m LR E— il
K1 om. JEEES mm 1) SIFS 78 K 4% RE18 31 1 kg I EH &M
AP, WHFEAFRESE b, (o), ABTRIEES
IREE 78 R A I APE

5 RRUGEERIL, 78 T ZSB KEE I ¥ SIFS 75 Kk 8%
HA S (SR K AR e AR R AR LR 1 R P S A
o & S6. AL A S1 AT S2) [57]. ZSB K EE iR A A
—N(CH,), —f1—S0, i f far £ [, nJ Lid i & 1V 74k



Floatable seaweed SIFS solar evaporator
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ZSB monorner:

(b) (d)

B 1. SIFS Z& K s n B AR M . (a) HFERSERIES LI 455K B . (b) MHIEHGB AOG M RN Ak K BIEF A ks B AT i
KA BRI, AT SR B S 2R A, RN S IR 2 AT YR I . ZSB BRI 4> T 454, ZSB. ZSB/G Fl SIFS /K& 1 2 G o fE s (b
BIR: 1 em) o V5T SIFS 28 R 243 R 1 5 A /KM%, T RGE SR 0BG R B2 Sk Gt . (o) SIFS /KBt A 8, ZSB /K &I A R 3 & 7 i
HGB % HEHARIENH (LR : 100 wm) o (d) SIFSIRFERARSEAKME, T80 SIFS KB i AP SRR - (o) & FIEFML N T HKILE

T SIFS Z8 R L2 TS JerORetk, CUFRZE RPN . 2l JE A5 e

TERWR B KT o XEEK T A& P 1) 75 NG B
ZSB JE [, TERKkAE[58]. X Rk EAE ZSB A B A A
SR KR, HH 3T ZSB (1 SIFS & K 23 R UL L 7 1
ACEAE, 1 (o). [HIF, M ZSB/GHISIFS 7K &tk
AT LA B 22 78 7 HGB, T HGB BBk 45
P, R T2 B N SRR, AERAME LLARE, A4 T (E DY
i \E oK IEE, RIERESKFES R LE L (o
St A EIST .

BE— D0 T SIFS 28 KA L HAT . N JE A
& RS . MR, 4l ZSB KB 1 T R B
047 Wem-K™'. JIANHGB G, WHFELPHER
(0.03 W-m™-K™) &H 7 HAEH, B®T T ZSB/G M
SIFS 7K %t i 8 4 () B At e [11], SRR MEE
028 Wem™ K™, K T/KIFHAE (0.6 Wem™-KD
[59]. DAk, H TR, P gpiPEC, SIFS &K
A AE U MK B AR TR E S AR I, AT R
R [60].

3.2. SIFS Z& K #% A7 B B

oy R BT KA RN BEE R JRIE T A AR .
SR RAEARIK Z A B b, 4R S8, IR A,
MRATE R, —H KA R M2 S0, Mebs
PRI DB . 525 T HGB 2454,  BIEK SIFS 58
SR AR K % R -FR 20 Yk, SIFS 75 & 2% tH A e i
FFEKTH LA 2 (a) St A v R4 S3]. B B 2 (1)

&, SIFS ZE a1 FE VRV A 10, T AR T 44
GEN, TCIRZE R TCEIE R IR A, B
#oAT LIEFELE KT b, FRAE R BH RS R = A 2R LB 2
(b) KBt A A AAT SA]. I — £ DX ) T 3B o 44 1 B
IS ZE KA, — BSCEYIAREUR A S, 28K 2%
AT BRI R AL

T VRl SIFS Z& R asfAe e, XA RBEAT T —
RYVEE, QOFEED. HELE., RAOBEMMLE, &
1he W2 (o) FroR, Sibib3)sE, SIFS 7&Kk 4 L &
Ak, WA RA MRS, X425 RRY, SIFSZEKR
BEAMRF AR ENE, X6 TEE 0 B SLIR S
I A 28 O B

3 3 W 52 SIFS /K kAL KT B R ¥, 5 ZSB Al
ZSB/G /K& HEAT LU, VPl SIFS 7K B I 1) 7K 3 i 1 A
(B2 (D). (o) 1o T8 % 1H 5 FE 5 1l 58 212 3 7E 3.6%
NaClV i AT KRS, — e B (] 5 U, 10 FF
W46 Jo £ R o = A TR ) AR A o ZKRE IR BRI K P R B
w3 [617 15 :

[ dmm)
w = 16{((1@10))} (3)

K, D RKEIY BREG DR IIERE; M FRTER
Tei) £ B WS VA PR A PR R s M, 38 71 i WA 1D K D o
d(M,IM)d(t"?) 5& MM, I EAEES 53 4E M,/M < 0.6 (60%
PRI K Z) DX P 0F ¢ IR R B0 R 26 [62] . 410 ZSB 1E
786 s 15 B 60% WK 2, AH R OK 5k &R Hh 3.59 %



Stable and durable floatability
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B 2. SIFS Z& K & MM SL HEEMERT . SIFS ZE R 48 10 1 BHFVE DU BRI T BAR 1, 42 IEHIIE (2 BOBEVIRHE ) (b) 37T 0 .
(c) SIFSZER ATV LAE B/ AR P ORFFAEE , IR AL TR FRAIAL LR 1 he (d) =PKEERAE 3.6% NaCUA R T AIBEAZL. (e) =Fb

IKEERZ K R 2

107" m?-s™', 1fj ZSB/G Ml SIFS 78 & 2% 43 7 7£ 226 s #1211 s
ik EIAH R EE R OK 2, AR K BOR B 1R 12.50 x
10710 m?+s™' A1 13.39 x 1070m?-s™", J& 4l ZSB 7K %t i
3.A8FEMI3. 724 (LB AP S8, % S1. %S2). &
58 (KA 8045 25 T ZSB/G A SIFS 7K BEIE 4 346 H A %
EEIE . KK TR I 4R 7 25 AE TR IR Y STFS 7K i i
M, M A SO RIS S5 W] LAE i, JEARIE i
SIFS 7K # Jie 22 TH1 (17 W% (8] h 43k 56 40208, 1IF 52 SIFS 7K i
RIMAEAE SRR PIPE S 10 15 SRR . JEARLR L1
RiE, RS E), U SIFS /K& AT DL e 4Rig
PERELR KR IS . X EELE R, & H HGB HI /K& 2
N H BRI PRI KR Z, A K (o HSIFS B )
B, wRAHEN . EURHERR N HGB H T H KT 45 1
M T T REAZS BN, XU &R, TERMIR
WOEIE, S/KEER N EE A MPeREEsS A, RIERSEm
IKIiZHi .

3.3, Jaiilg KAk

BT m L IERE, CB 44K F A fh A 58 075 55 2
A R R AR S 00 K BH R PR A ol A e M R
[63]. 5 ZSB (50.13% " U, 25.38% /X 4D 1 ZSB/G
(78.00% W Wi, 10.92% [T /KEERAHEL, BN CBH
SIFS 78 K 2% R WLt 96.35% I 1 K FH R W Al 1.83% )
RS RLE 3 (@ KA IESI0]. HMIAEK
PERR I IS = A D250 AN AR SEES 23 i, B RE 1~5 mm )
1 (4, ZSB/G A1 8 (5 STFS 7K B A H T~ = O #A A8 R e
RYGE SE R 8 R I im0 B se e vh A (L S A P

E1S12) [64]. HEEHACRIE A (4) [65]i15:
m(C,x AT + AH,,,)

= C.I (4)

A, g RCHEEIRE, mRERER, C, RAK
B ATRIKFETREMIAERE 2 A, e LR AR
Ky Copd i KFIBENSF IR EE . Lk, SIFS 7&K &%
M SEPRERIEZI 17072 KI-kg, AR TAiKEKRKE, X
AT LA “/KA5EBEL” (water cluster theory) SKfi#BE[66—
67]. /KAEERS LA 7> F LA & JLA 2 TR R K
KNSR N 2% 22 R I, e A A DA A 3t
H, AR TR Rk, SIFS /K& KRB
HH EE R R K SR AR S bR 28 K A [68]. Wil 3, W TR
ARRMEATELZHGB, HAEIFMRAE, FILEE
JEEESE N, ZSB/G A1 SIFS /K EEE /K 78 R s 2 . R TR
JEE R P e R B D T i TEUALHAIA], S mm R 1)
SIFS 78 & a1k B AR RS, 78 1000 W-m™ e HEGR R
AROEZF N 1.35kg-m>+h, KRN 63.27%, ST
OB LAY (WM ATRRERS3) . MERXTR, gikzg
RIHFAN0.11 kg-m2-h™', 1] ZSB/G 7&Kk # BT B> e #bt
BE, R IEZR L SIFS A K #3HIK63%, 40.50kg-m™>-h.
LA FLIC 5% 5 mm SIFS 7% % 3% 7 300 min 8 55t
FEPRIRIILE, Wk AR RESI3FIR. 4id5 min
JEE, SIFS Z& R #3R MR JE M 19.4 °CTF £ 28.1 °C, 1Tt
T 8.7°C. 4t 300 min 7% &S5, SIFS 75 A #5 3 1H i
RAIEF) T 51.6 °C, AWM N, SUHRA
IKBEZE . T X SIFS 78 R 2% 1AL AT A B8 4 k7L
1t Bl COMSOL ¥ 1% SIFS 78 % i A 8 J b 2R 1T Bt T 1)
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(d)

[ 3. SIFS Z& #3 IK FHBE 28 K MR
e HE 300 min [7K 28 KGR AR TR E BN (b)),
PRSI AE 45 S /K S B 5 mm JEJE SIFS 78 K 2 KT 20 A
IKG: SIFS 28R a5 i 3w T LR 2 B8 1Ak

AR AT TR, W3 (e Fm. KA
28% FFRAE R, R 72% RAKA, 5IL AR
N JERETR, MELPIESIFS & K LRM, FAKAS
MRS . T, mREWST, EREm ETER
AR A KA 3. BT HGB BB #ER, SIFS &K #%
(5 # R HPF % 0.28 Wem™-K™', FLAKFE B S A I
Kl S14 Hh R Iy SIFS 728 K 4% b\ T 3R 2 A4 B % iR
JERREEGr Ao 5 SIFS 28 K 4% T 2 11 B2 15 fnk ) VRS 7Kl
JEFARIIE BT, BEHIORER 7 BRI IR AE B3R A T 78
Ko AL T 2T 7 T ISR K.

K FH UG & S5 B TR PSR ICP-MS) X N Lifg
ARACTHT G IR BEAT VAL . 23 28 R AV BEAL PR, Na®,
Mg\ K"\ Ca® 4 32 25 7 i B2 SR FRAIG, (IRt
FETAEHLZ (WHO) BRI FARE[ I 3 (D) 1[69]. [H
W, e 7R N TR KR, AFEEEIT RIK (artificial
medical wastewater, AMW) . 7% K 7K (artificial domestic
wastewater, ADW) . TV & /K (artificial industrial waste-
water, AIW) . i JE 7K (artificial oily wastewater, AOW)
BN 42 % K Cartificial printing and dyeing wastewater,
APW), Kt SIFS 78 K & TBCE AE B R /K AT K A e 1
MR, 230 dILIFE, SIFS A KM, KL
e s (LB A b EIS15) . X5 R,
SIFS Z& & 2% nl DLAR izt & T WHO AR i 457K, FmT LA
X HE 7K AN A AT RIS

= 100
-+ Z7ZSB/G —=-ZSB/G = m ZSB/G
-+ SIFS ~»-SIFS 18 ;E F 80 | WSIFS
o =
= .% 60 F
£
é g 40 -
= c
S S 20
5 B
>
I | 1 ! 20 0
1 2 3 4 5 1 2 3 4 5

E. (a) SIFS 28K &% 1K PHae R ok,
LS AR B R BE BE R 3005 (o).
DL 5 mm JE ) STFS 78 R 2516 1 AN KPR N LA A ()

Thickness (mm) Thickness (mm)
(b) (c)

55 10° =~
Open air ~ m Before desalination
R L 104k m After desalination
o o
H el T e WHO
2 s B B B
o ® :
1“‘ B
Air/wate 19 4 28.10'R3 g
interface _"_ 1 o) g 1000
Q
| = 1
Bulk water 0min £ 5min | B 5 10
102
=8 ¥ (mm)40 H Na* Mg* K- Ca®
(e) ®
PSR N 96.35% . AN I JEE (1) ZSB/G A SIFS IR FETE 1 AN R FHEEE R

(d) KPHAEZE R S50 K BRI (B AR L. (e 1] COMSOL %

H AT

3.4, PLBFhoas i 4

KBH RS K FEAE R h 28 R S Y SR Eh Ik EE T, $h 4y
PLRMT LIRS f, AT RERE R 78 2% 10 e R AT KA 2

Vo G 75 R A A A5 Eh 4 FE IV SR 2 — 2 i R S KA R
R I (S /KIS il s, PR I Eh a5 dn, [
I, SR MPRHE B A PGS, A] DL BRis A AT
I o

PRPE B ARk — Pk SR K RE, AR RO AE R — 5
P By A A SRR R AR, R R R SR AR A A A
T, AT AP EDRAS[70]. TR R, P
B A RE AT L I B 1 AR ST K 4 TR K Ak
&, RBLHEESEKYE . XS SR R 2 T AT LR 58 4
1B DR HESE I K aa By, AT 7 1Y) 2k 45 o 23T I A 1]
W71 BeAh, W TEMIEE, &FRIERM T
BRI KA JZ BA M B R 1 75 ZEFE 2 K2R &, T
PR B TSR T 1) 5K Gibbs H HI g 1, BRI 25 5 905
P E[72]0

SIFS 2 K # T A= 1) 6 B 14 gl i FITC-BSA £ H i
WP AN KT B . o (VR BT R B R SR B0 B 5, Jethak
R I RK CIEIEE (PS-D I K (M-D
W FHAEXT I . s A TP B S16 s, ££0.5 mg-mL™
FITC-BSA ¥ FHi2 i1 30 min J&, K& 8 (5 W B 7F 58 %
CIFIE R, ORI RIL 16.4, HRIEEREHEA L
WEENEATIGY, R N2.60 1KLL 7EM kL



RIMME QTGN T MBS RN, EME L8 Tk
BURCKEE 1, R RN IR A e A, IR A0S
e, A ZSBI/KEE R PU R WP Re L =, R JLTEH
FOUET. WE4 () Fox, MYIERFRLERE2hE,
SRR M T AR 5 JHg YL A 52 B K W T e R 4 1 6579 26 3K A
B G Y. R LMV R BUA BF 7T A F e i R
T SCPERIRR AR RY, L3R T R AT 1 0 4 €00 76 6 BR B (1)
I35 B 43 5910 2.391 x 10* CFU-cm ™41 3.896 x 10* CFU-
em?. SRR IR, WM ST SIFS /K& i 6 K
W T T 0 B ] %) 3K B 10 280 B 2R 43 T PR T 97.93% FH
97.00%. UbAL, B RIETE S A KA 0 3 77 5 o
IR =K, @i SEM BG M g2 R 4 1w M % . WKl 4
(a) FIfft AR S17, M BEYE)E, SIFS &K #RK
IRFFR TS, WAWERHERE. Sk, BRC
IR A B A R TS G

SIFS 7K &t T-#efu /i ik, & 64 ZSB/G 7K &t i
T I I v S DU TS A X A K B AT . i 4
(b) FHPHSK A HIEISIS BTz, 4 58 AIRIE N, SIFSK
BRI SH —ZKIE, KR A 149.8°, Hixfl

Bacteria resistance

SIFS ZSB ZSBIG

E. coli

2
2
3
s
[%]

Barnacle

Qil repellency

SIFS
Water

(ii)

Original gel

(i)

Salt

(i) Anti-bacteria adhesion performance

Contaminated by crude oil

(b)

Salt re-dissolving process

1 Oy FTLLH AT (5) FRIR[73]:

_ P0aC080, — yyC080y

cosOyy . (5)
ow

S yoas Pwa M yow 78 AR R M/ Sy K/ SATH K
SRR K T o 0o F11 0y, F3 731 9 2 THD ¥ 30t 4 fich 77 A0 7K 42
fid ff1 o 6F TR SR KB RE SIFS /KB, BTy, i EH KT
Pwar €080, FlcosOy # R T-0 H/N T 1, poacosl, —HAK T
Pwac0sOyo R, cosOyy HIME TR, R 04, NELA,
SIFS A /K T ERE, X5E4 (b)) —3. B EmR
T 1 SIFS Hid itk e, BRI+, el
a1 P PR EEERRE LK A T IR S6~S8)

SIFS 7K &R T SR v Jd ot SRV fide . SRIAR . SR
HER KA N () 28 K SR IRV AL o 7E SR AR ST, 44 3h 4
Tt 0 AR AR K ) SIFS 28 &K 4% b, B TSRk
ZSB 7 T F BRI, [F] A & 37 BRI I 3 5 1 21
K, mE4 (o, FEEREMIT, 25 MEH K
MR, SIFS 7K Bk A] LALE #h 7K OB AR E VR IR 2, it
7K BRI BT e ) S P i, B s A T I S19. FE R
Yesega b, T SIFS i ROT R e AR K %, 8K

—

i)

SIES u E. coli

Glass M-f PS-f ® S. aureus

Bacterial adhesion
(x10-* CFU-cm-2)

Washed with water No residue

=3
=

X
o

Water mass
change (g)
i
&

&
o

—45 = A
0 5 10 15 20 25 30
Time (h)

E 4. SIFS &R AT LAEIRZ A5 5. (a) SIFS/KERFTEMRMIRERE (D: ARMEREWAEF A (AR 2emd G FEHE LS
(i) (b) SIFSZ&R A KK F MR B AUK T A () ZJFmT5 %5 ZSB/G /KB B FE - TERE (iD. (o) SIFS/KEHRIITIHRER (D;

JANE] SIFS KRR L1 ] 44 £5 Ak 1 I IB M i (D SIFS /K BB AR IE4E 30 h 78 K Eh/K M ANTE R M ™= AR #h 45 i

(iii) o



8

R I 88.16% M TE LA, bk At )18 S20. SIFS
PR BRI A 3 3@ i BRI 1) 2 R S0Vl . DR
T, SIFS 7&K 23 1= 1 3.6% NaCl ¥ 3 11 e 44 77 ik
K, AR RERR 30 min 2 SRR, BLALL B AR KT R -
B STIR AT, KRR, VERERIRE IR = E R
. H4:TAE30h)5, SIFS 7&K 4% LA MR Ehvif,
MARIKIA K= SN, WE4 (©. ZEGREH
SIFS 7% & #% 1 LLTE 2RV Vi A7 R00kE 5 3 THD R PN 3 &5 26
B BLE K AT R TR A IR IK A 72

3.5, JRAKIEALAN A S

HRAR K PH BB FLTH 28 K R A AL BRIR IR, BN 1%
HA MW IE KA EMERE, ReiE 0 & R RKAT 1Rk . AT
FUBCH T AN F SR AL R K (AIW. ADW. AOW.
AMW. APW), ffi SIFS 28 K %% 8V 1€ [ K FF i k4T
300 min 6 MR, X 78 R AR AT R KB RE DR AE .
K5 (b) s, APW 1 ADW HT SIFS 7% K 2% 1 78 K fig
5N THEKAMEL, 11 AOW. AMW H1 ATW 1 SIFS 76 &
HEHE A TR, X AT RS T 0P ORI RS R R B
o AT S PR S RSO 1% G b5 A Hh 1 S21
TN, JRUR PEKAEART NG Bl A A BRI, TS
(R K 5 25 B KIS TE AL, B I R IS 5 .

T I A A 20 P 498 B S SR AS I T AN [R) KRR B 4N PR B
45 ZSB ZSB/G 1 SIFS /K & i 1192 i (L-ZSB. L-
ZSB/G F1 L-SIFS) H SIFS Z& R #31# L5 21K (EW),
VLI JR U6 ) ATIW. ADW. AOW. AMW 1 APW & /K .

Solar distillation from wastewater

ADW APW AW AMW AOW

(e)

EE KB FHTERT IR, 25 5 7 /K AL B ) A0 A 075 R A
H100%. JEAKZE—DNEIRAEZR, Kl ae s Ha FHk
gy, WEEBET. HeEE T2 AN LAY
2. FFNE. RS A AL FIE AN E s [N, EE&EE T
2 ) R T RE, s [74]. WES (o
FioR, 2 KA B R 4 M A7 2 B E AR T 25 B KAk
FIAE, ol ATW AT AOW ALEEFI4IAL, 1735 5 B
& 23.48% 1 21.79%. 5 2 M Jx, L-ZSB. L-ZSB/G.
L-SIFS FTEW &b B 1) 40 i 4775 2 15 25 55 1 /K AL 38 1) 2 i A7
EERMEERAKR, W SIFS B R B LR LH, AxfK
IE R KI5 s, 2 SIFS 78 R a4 7 IR KK R %2 42
FUANSEEG T 2019 422 12 A fE Rt ir. HiEY
HE 5 B2 4 200~1000 Wem™?, SR N-5~10 °C, TR
9 20%~40%, SIFS Z& K #1410 em x 15 cm, 41El S
(d) Fis. NHFAKPHAE W SIFS 78 & 28 W, B4k A RE
PR A A K2 BRI T — B2 K
WEE, [FIES A DA A it 28 VR A Bk, 2548 T I A 7
Bi 55 B LA NS0 2R o Rz e BB ERDL R, &l
Smin IR, AEEH A RKEAKHBHIA[ES © 1, W
WA KWL ZE R TE K ZE S, KRR A BIE A T 15 IR
Ko B AR K TR AR . SIFS 28 K 35 1l 2 |
TRAS KRN FR B 5 B o ) (R AR A B SR AE B S (D) e 1]
DLE . BEE NSOGB I, SIFS 78 K #% 2 [ I
M16.9 °C EF+F]31.2°C, Fhi T 143 °C. & H%, ¥
B i M SIFS 78 % #% AR Tl il FE #B A T R . ANk
T i SIFS 728 K #3 R 1 S i B9 31.2 °C, IR T = N SL e

T o 120
E] -1r g 100
o 2T z 80
[ 2 j ~APW 3 60
[ 8 4rnDwW g
S 5| AW = 40
8 | ~Avuw S 20
E T +|AOW 1 1 1 0
£ "0 50 100 150 200 250 300 ®§%%%%‘$$
= Time (min) VAR YRR Y
~

(b)

- Outdoor . Bulk . g ——

i ground water e 30:6
600 - '/‘/r_,/——\ 1%
200 /’_/\——\‘ ]

9:0010:0011:00 12:00 13:00 14:00 15:00 16:00
Time

®

Sunlight flux (W-m2)
.
o
o
25
=]
Temperature (

(=}

5. SIFS Z&R#H T A AT ZE AR . (@ BHUEKE T (BB 2em); (b) BHUEAOGIER : (o0 AFEZKEEAEETE: (D ZAhseR
HSH ¥ SIFS ZE R AR DL R (LB Sem); (o) FETEHEHET 5 min WRIAT - AEZGR: () SAMIR D REEREE . Bk, IR .

TSR RN SIFS 78 & 2% 2R TR AR 4k



WAL (51.6 °C), IXAIRHES HHAZR P oM FE I AR R X
. &t 7ThiZE Kk, ZEERET 230 mLiGiEK,
T2 Lem WSS 22, Ul W% B A K FH RE LA
IR P2 IR K T 7 6

4. £51¢

TRV R R A, 8 R 1) )5 15K ZSB.
HGB M CB &AL —i2, K 1 —FhA g K H Ay DUS 7%
I SIFS Z8 R 2%, I sl AR € M OKBHREMG K 280, &5
TESZPR IR KA A . SIFS 28 & 2% h % 423 78 1) HGB
TRt T AR BEFN R # P, B4 58 AR BRI R, %
R MMMAER AT A 2K . CB R 1% A BH AR ISR
AL PERE, B OR SIFS 28 K28 UTH FEIU 2 AR K BH B8
FH 2 AN B KSR AE =1 7K o ZSB /KB AE R E G 7T
7 SIFS ZA R A Bk 2y, THE NS, 95T ZSB
S KA RE,  SIFS 78 & 2 T DA 3 Al 60 4% 85 1 W R
AR, Z5Ehinge. WIS RS2 M5 . &%, SIFS
R eI 1.35 kg-m2-h! [ 28 R HE A 63.27% 1] #
PSR, AR AL ARG KRR T R, AR IR
B2k A N K IR AN R AR I b B A e B

Bt

AHEIE % B E K B R R R & (21621004,
21961132005.22078238.21908160 F121805204) . K i H
SRFFEEE 4 (19IJCQNIC05100 A120JCQNIC00170) « K T
FAENAFE2E TR H (TISQNTI-2018-17) 1 th [ 1+ J5
RE2EFE 4 (2019M651041) 15 Bl .

Compliance with ethical guidelines
Chiyu Wen, Hongshuang Guo, Yingnan Zhu, Haoyu
Bai, Weiqiang Zhao, Xinsheng Wang, Jing Yang, Moyuan

Cao, and Lei Zhang declare that they have no conflict of

interest or financial conflicts to disclose.

Appendix A. Supplementary data

Supplementary data to this article can be found online
at https://doi.org/10.1016/j.eng.2021.06.029.

References

[1] Elimelech M, Phillip WA. The future of seawater desalination: energy,
technology, and the environment. Science 2011;333(6043):712-7.

[2] Gao M, Zhu L, Peh CK, Ho GW. Solar absorber material and system designs
for photothermal water vaporization towards clean water and energy
production. Energy Environ Sci 2019;12(3):841-64.

[3] Wu X, Gao T, Han C, Xu J, Owens G, Xu H. A photothermal reservoir for
highly efficient solar steam generation without bulk water. Sci Bull 2019;
64(21):1625-33.

[4] Zhu L, Gao M, Peh CK, Ho GW. Solar-driven photothermal nanostructured
materials designs and prerequisites for evaporation and catalysis applications.
Mater Horiz 2018;5(3):323-43.

[5] Zhang Y, Ravi SK, Tan SC. Food-derived carbonaceous materials for solar
desalination and thermo-electric power generation. Nano Energy 2019; 65:
104006.

[6] Wang Y, Wu X, Shao B, Yang X, Owens G, Xu H. Boosting solar steam
generation by structure enhanced energy management. Sci Bull 2020;65(16):
1380-8.

[7]1 Hu X, Zhu J. Tailoring aerogels and related 3D macroporous monoliths for
interfacial solar vapor generation. Adv Funct Mater 2020;30(3):1907234.

[8] Ni F, Qiu N, Xiao P, Zhang C, Jian Y, Liang Y, et al. Tillandsia-inspired
hygroscopic photothermal organogels for efficient atmospheric water
harvesting. Angew Chem Int Ed Engl 2020;59(43):19237-46.

[9] Xu Z, Zhang L, Zhao L, Li B, Bhatia B, Wang C, et al. Ultrahigh-efficiency
desalination via a thermally-localized multistage solar still. Energy Environ Sci
2020;13(3):830-9.

[10] Kim H, Yang S, Rao SR, Narayanan S, Kapustin EA, Furukawa H, et al. Water
harvesting from air with metal-organic frameworks powered by natural
sunlight. Science 2017;356(6336):430-4.

[11] Li T, Liu H, Zhao X, Chen G, Dai J, Pastel G, et al. Scalable and highly
efficient mesoporous wood-based solar steam generation device: localized heat,
rapid water transport. Adv Funct Mater 2018;28(16):1707134.

[12] Jiang M, Shen Q, Zhang J, An S, Ma S, Tao P, et al. Bioinspired temperature
regulation in interfacial evaporation. Adv Funct Mater 2020;30(14):1910481.

[13] Ghasemi H, Ni G, Marconnet AM, Loomis J, Yerci S, Miljkovic N, et al. Solar
steam generation by heat localization. Nat Commun 2014;5(1):4449.

[14] Shi L, Shi Y, Zhuo S, Zhang C, Aldrees Y, Aleid S, et al. Multi-functional 3D
honeycomb ceramic plate for clean water production by heterogeneous photo-
Fenton reaction and solar-driven water evaporation. Nano Energy 2019;60:222-30.

[15] Ge J, Zong D, Jin Q, Yu J, Ding B. Biomimetic and superwettable nanofibrous
skins for highly efficient separation of oil-in-water emulsions. Adv Funct Mater
2018;28(10):1705051.

[16] Yao Y, Lv T, Li N, Chen Z, Zhang C, Chen T. Selected functionalization of
continuous graphene fibers for integrated energy conversion and storage. Sci
Bull 2020;65(6):486-95.

[17] Zhao F, Guo Y, Zhou X, Shi W, Yu G. Materials for solar-powered water
evaporation. Nat Rev Mater 2020;5(5):388—401.

[18] Gao B, Nakano S, Harada H, Miyamura Y, Sekiguchi T, Kakimoto K. Single-
seed casting large-size monocrystalline silicon for high-efficiency and low-cost
solar cells. Engineering 2015;1(3):378-83.

[19] Nandakumar DK, Ravi SK, Zhang Y, Guo N, Zhang C, Tan SC. A super
hygroscopic hydrogel for harnessing ambient humidity for energy conservation
and harvesting. Energy Environ Sci 2018;11(8):2179-87.

[20] Liang H, Liao Q, Chen N, Liang Y, Lv G, Zhang P, et al. Thermal efficiency of
solar steam generation approaching 100% through capillary water transport.
Angew Chem Int Ed Engl 2019;58(52):19041-6.

[21] Xiao M, Wang S, Thaweesak S, Luo B, Wang L. Tantalum (oxy)nitride: narrow
bandgap photocatalysts for solar hydrogen generation. Engineering 2017;3(3):
365-78.

[22] Zhang Y, Ravi SK, Vaghasiya JV, Tan SC. A barbeque-analog route to carbonize
moldy bread for efficient steam generation. iScience 2018;3:31-9.

[23] Hu X, Xu W, Zhou L, Tan Y, Wang Y, Zhu S, et al. Tailoring graphene oxide-
based aerogels for efficient solar steam generation under one sun. Adv Mater
2017;29(5):1604031.

[24] Zhang B, Song C, Liu C, Min J, Azadmanjiri J, Ni Y, et al. Molten salts
promoting the “controlled carbonization” of waste polyesters into
hierarchically porous carbon for high-performance solar steam evaporation. J
Mater Chem A 2019;7(40):22912-23.

[25] Yang M, Schiffler R, Repmann T, Orgassa K. Moisture absorption and
desorption in an ionomer-based encapsulant: a type of self-breathing



encapsulant for CIGS thin-film PV modules. Engineering 2020;6(12):1403-7.

[26] Huang Q, Jiang F, Wang L, Yang C. Design of photobioreactors for mass
cultivation of photosynthetic organisms. Engineering 2017;3(3):318-29.

[27] Chen C, Kuang Y, Hu L. Challenges and opportunities for solar evaporation.
Joule 2019;3(3):683-718.

[28] Liu H, Huang Z, Liu K, Hu X, Zhou J. Interfacial solar-to-heat conversion for
desalination. Adv Energy Mater 2019;9(21):1900310.

[29] Zhang C, Liang HQ, Xu ZK, Wang Z. Harnessing solar-driven photothermal
effect toward the water—energy nexus. Adv Sci 2019;6(18):1900883.

[30] Zhang P, Li J, Lv L, Zhao Y, Qu L. Vertically aligned graphene sheets
membrane for highly efficient solar thermal generation of clean water. ACS
Nano 2017;11(5):5087-93.

[31] He J, Zhang Z, Xiao C, Liu F, Sun H, Zhu Z, et al. High-performance salt-
rejecting and cost-effective superhydrophilic porous monolithic polymer foam
for solar steam generation. ACS Appl Mater Interfaces 2020;12(14):16308-18.

[32] Wang F, Hu Z, Fan Y, Bai W, Wu S, Sun H, et al. Salt-rejection solar absorbers
based on porous ionic polymers nanowires for desalination. Macromol Rapid
Commun 2021;42(4):2000536.

[33] Ling N, Forsythe S, Wu Q, Ding Y, Zhang J, Zeng H. Insights into Cronobacter
sakazakii biofilm formation and control strategies in the food industry.
Engineering 2020;6(4):393-405.

[34] He J, Fan Y, Xiao C, Liu F, Sun H, Zhu Z, et al. Enhanced solar steam
generation of hydrogel composite with aligned channel and shape memory
behavior. Compos Sci Technol 2021;204:108633.

[35] Dong Y, Wu ZS, Ren W, Cheng HM, Bao X. Graphene: a promising 2D
material for electrochemical energy storage. Sci Bull 2017;62(10):724-40.

[36] Han N, Liu K, Zhang X, Wang M, Du P, Huang Z, et al. Highly efficient and
stable solar-powered desalination by tungsten carbide nanoarray film with
sandwich wettability. Sci Bull 2019;64(6):391-9.

[37] Ni G, Zandavi SH, Javid SM, Boriskina SV, Cooper TA, Chen G. A salt-
rejecting floating solar still for low-cost desalination. Energy Environ Sci 2018;
11(6):1510-9.

[38] Xu N, Zhu P, Sheng Y, Zhou L, Li X, Tan H, et al. Synergistic tandem solar
electricity—water generators. Joule 2020;4(2):347-58.

[39] Zeng Y, Yao J, Horri BA, Wang K, Wu Y, Li D, et al. Solar evaporation
enhancement using floating light-absorbing magnetic particles. Energy Environ
Sci 2011;4(10):4074-8.

[40] Sun C, Wen B, Bai B. Recent advances in nanoporous graphene membrane for
gas separation and water purification. Sci Bull 2015;60(21):1807-23.

[41] Li R, Zhang L, Shi L, Wang P. MXene Ti,C,: an effective 2D light-to-heat
conversion material. ACS Nano 2017;11(4):3752-9.

[42] Xu N, Li J, Wang Y, Fang C, Li X, Wang Y, et al. A water lily-inspired
hierarchical design for stable and efficient solar evaporation of high-salinity
brine. Sci Adv 2019;5(7):aaw7013.

[43] Ni G, Li G, Boriskina SV, Li H, Yang W, Zhang T, et al. Steam generation
under one sun enabled by a floating structure with thermal concentration. Nat
Energy 2016;1(9):16126.

[44] Kane IA, Clare MA, Miramontes E, Wogelius R, Rothwell JJ, Garreau P, et al.
Seafloor microplastic hotspots controlled by deep-sea circulation. Science 2020;
368(6495):1140-5.

[45] Tao P, Ni G, Song C, Shang W, Wu J, Zhu J, et al. Solar-driven interfacial
evaporation. Nat Energy 2018;3(12):1031-41.

[46] Guo Y, Zhou X, Zhao F, Bae J, Rosenberger B, Yu G. Synergistic energy
nanoconfinement and water activation in hydrogels for efficient solar water
desalination. ACS Nano 2019;13(7):7913-9.

[47] Walsby AE, Booker MJ. Changes in buoyancy of a planktonic blue-green alga
in response to light intensity. Br Phycol J 1980;15(4):311-9.

[48] Bowen CC, Jensen TE. Blue-green algae: fine structure of the gas vacuoles.
Science 1965;147(3664):1460-2.

[49] Cohen-Bazire G, Kunisawa R, Pfennig N. Comparative study of the structure of
gas vacuoles. J Bacteriol 1969;100(2):1049—61.

[50] Zhao Y, Yu C, Lan H, Cao M, Jiang L. Improved interfacial floatability of
superhydrophobic/superhydrophilic Janus sheet inspired by lotus leaf. Adv
Funct Mater 2017;27(27):1701466.

[51] Geng H, Bai H, Fan Y, Wang S, Ba T, Yu C, et al. Unidirectional water delivery
on a superhydrophilic surface with two-dimensional asymmetrical wettability
barriers. Mater Horiz 2018;5(2):303-8.

[52] Wen C, Guo H, Bai H, Xu T, Liu M, Yang J, et al. Beetle-inspired hierarchical
antibacterial interface for reliable fog harvesting. ACS Appl Mater Interfaces
2019;11(37):34330-7.

[53] Zhang L, Cao Z, Bai T, Carr L, Ella-Menye JR, Irvin C, et al. Zwitterionic
hydrogels implanted in mice resist the foreign-body reaction. Nat Biotechnol
2013;31(6):553-6.

[54] Phiri I, Eum KY, Kim JW, Choi WS, Kim SH, Ko JM, et al. Simultaneous
complementary oil-water separation and water desalination using functionalized
woven glass fiber membranes. J Ind Eng Chem 2019;73:78-86.

[55] Prakash I, Muralidharan P, Nallamuthu N, Satyanarayana N, Venkateswarlu M,
Carnahan D. Preparation of NiAlO,/SiO, and Co*"-doped NiALO,/SiO,
nanocomposites by the sol-gel route. ] Am Ceram Soc 2006;89(7):2220-5

[56] Prakash I, Nallamuthu N, Muralidharan P, Venkateswarlu M, Satyanarayana N.
Synthesis of SiO,/CoFe,0, nanocomposite by base catalyst assisted in-situ sol-
gel process. AIP Conf Proc 2010;1276(1):227-32.

[57] Cai Y, Lu Q, Guo X, Wang S, Qiao J, Jiang L. Salt-tolerant superoleophobicity
on alginate gel surfaces inspired by seaweed (Saccharina japonica). Adv Mater
2015;27(28):4162-8.

[58] He K, Duan H, Chen GY, Liu X, Yang W, Wang D. Cleaning of oil fouling with
water enabled by zwitterionic polyelectrolyte coatings: overcoming the
imperative challenge of oil-water separation membranes. ACS Nano 2015;9(9):
9188-98.

[59] Li C, Jiang D, Huo B, Ding M, Huang C, Jia D, et al. Scalable and robust
bilayer polymer foams for highly efficient and stable solar desalination. Nano
Energy 2019;60:841-9.

[60] Hogan NJ, Urban AS, Ayala-Orozco C, Pimpinelli A, Nordlander P, Halas NJ.
Nanoparticles heat through light localization. Nano Lett 2014;14(8):4640-5.

[61] Wang JH. Self-diffusion coefficients of water. J Phys Chem 1965;69(12):4412.

[62] Zeng J, Wang Q, Shi Y, Liu P, Chen R. Osmotic pumping and salt rejection by
polyelectrolyte hydrogel for continuous solar desalination. Adv Energy Mater
2019;9(38):1900552.

[63] Liu G, Xu J, Wang K. Solar water evaporation by black photothermal sheets.
Nano Energy 2017;41:269-84.

[64] Guo Y, Zhao F, Zhou X, Chen Z, Yu G. Tailoring nanoscale surface topography
of hydrogel for efficient solar vapor generation. Nano Lett 2019;19(4): 2530-6.

[65] Zhou J, Gu Y, Liu P, Wang P, Miao L, Liu J, et al. Development and evolution
of the system structure for highly efficient solar steam generation from zero to
three dimensions. Adv Funct Mater 2019;29(50):1903255.

[66] Miyazaki M, Fujii A, Ebata T, Mikami N. Infrared spectroscopic evidence for
protonated water clusters forming nanoscale cages. Science 2004;304(5674):
1134-7.

[67] Fujii A, Mizuse K. Infrared spectroscopic studies on hydrogen-bonded water
networks in gas phase clusters. Int Rev Phys Chem 2013;32(2):266-307.

[68] Zhao F, Zhou X, Shi Y, Qian X, Alexander M, Zhao X, et al. Highly efficient
solar vapour generation via hierarchically nanostructured gels. Nat Nanotechnol
2018;13(6):489-95.

[69] World Health Organization. Guidelines for drinking-water quality. 4th Ed.
Geneva: World Health Organization; 2011.

[70] Shao Q, Jiang S. Molecular understanding and design of zwitterionic materials.
Adv Mater 2015;27(1):15-26.

[71] Mu P, Zhang Z, Bai W, He J, Sun H, Zhu Z, et al. Superwetting monolithic
hollow-carbon-nanotubes aerogels with hierarchically nanoporous structure for
efficient solar steam generation. Adv Energy Mater 2019;9(1):1802158.

[72] Wei Q, Becherer T, Angioletti-Uberti S, Dzubiella J, Wischke C, Neffe AT,
et al. Protein interactions with polymer coatings and biomaterials. Angew
Chem Int Ed Engl 2014;53(31):8004-31.

[73] Jung YC Bhushan B. Wetting behavior of water and oil droplets in three-phase
interfaces for hydrophobicity/philicity and oleophobicity/philicity. Langmuir
2009;25(24):14165-73.

[74] Malik A. Metal bioremediation through growing cells. Environ Int 2004;30(2):
261-78.



