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Solar-driven atmospheric water harvesting: Progress and prospect

LI Jiyan, XING Guoyu, JNG yanju, LIU Meichen, SUN Hanxue
( School of Petrochemical Technology, Lanzhou University of Technology, Lanzhou 730050, Gansu, China )

Abstract: Solar-driven atmospheric water harvesting (SAWH), inspired by solar interface evaporation and
passive radiation cooling, shows great potential in solving the crisis of freshwater resources with the
advantage of producing freshwater in a green and sustainable manner and being free from geographical
constraints. In recent years, in order to better realize the application of SAWH, researchers have been
continuously optimizing the moisture absorption materials, the core component of SAWH technology, and
developed a variety of moisture absorption materials such as moisture absorption salts, zeolites, silica gels,
and metal-organic frameworks (MOFs), and composite materials. At the same time, new progress has been
achieved in the design and improvement of water gathering devices. Herein, SAWH technology was
comprehensively reviewed, and different moisture absorption materials suitable for SAWH were presented
along with detailed summarization of their properties. Meanwhile, different SAWH water collection
systems were analyzed, and their potential applications under different climatic conditions were discussed.
Finally, the future development directions of SAWH technology was prospected.
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(B A Rl , R K 2719 FARERE , A R T iG5E K
RS MM RL 1w ] NS TR, A AR R R
B, BEARREWEAR AT 3 R s . A
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0.51 L/kg. Ca(NOg), 7E 41 FIE M IE LKA
Y] Ca(NO3),*4H,01%, 1EFIXHEE (RH) H 80%-~
90%;3 [Fl N, Ca(NOs), & B 2 # I R A, Wi
BAEKNTFRENKN 1.5~1.8, {HEA & A I3 1
4, fE 25 °CF, 2 RH M 0 3/n] 95%ft,
Ca(HCOO),*H,0 11 i & K3, JL-F- 34 m 1 6 4%,
RS, WP &8, Ca(HCOO),+H,0 it X
A TEARXT MR BN Q0% i 21| 95%HT A A 5 K Ay 1
i, BB Ca(HCOO)2H,0 A 7 4 v i B v il A L
AR R AE 1P MR, DLE 3 RhASER L
SAWH 152 R AR A FEAS /2, IF H Ca(NOs),.
Ca(HCOO)»»H,0 A7 1] HE X £ 7K 5 B 5t il — 72 T
B JEE T L B A7 — Y S0 e vk ), Hr, iz
1 SAWH Ay45ER45 HJ& CaCl,, {H CaCl, fi# Wi 21
L I, FEFESER OB A RT & 25 [ E K
1.1.2 42 308 A H

PRER IR ARL R BT LiC® | LiBr# i,
LiCl J2& H 7] E 4R I8 B W5 15 R rb i 88 1 e i i — il
i HLA MR . B S K. SRIVASTAVA 251280
VAR NS RL, PI4G B 40k 37%1) LiCl ]
PRHE W SR RS T R B K A, SIS I TR) I i 7K
4k 1259, HAEKREF=E2) 90 mL/kg 7K., {HIE,
LiCl &7 R0, T B WK /K A P11 8] H 3045
B | T ik R K ) A2 R A 7K R e S
LRRT LA PR, LiCl HAT 5 Y W B e i S 1200 ]
—AHXTZR AT, W RS A R 2 7K AU A I 1Y)
WK, RN, 24 LiCl Wil T R Ko,
WG 1Y LiCl I 0% 55 78 2 08 S BERS K B RE s, AT
T BN Z AR U T Y e, M TSR
fif LA LR, LiCl — B INAERE G . /K EEIR 55 F2 14
MR, N RE B O
113 HumiRHsaa (s, 47 4% W)

BT fcH R 5858, OB AR A A L
BREL BEEL | HAERAE . ZHANG P4 RAE T &
ERNARER AR, RN T 6 LAY B RN A
ALk (NaCl, KCI, NaNOs;, KNO3z. Na&,SO,. K,S0,)
IR A K 4, S5 %W, LI EJLRE7E RH <
80%MI I EE T LT AWK, HBEAEAR & 1B ) A B
F L R E . GUO SN TS i R Y W
PR, Hh i aammeeh . SIbdh . TR AR R,
gEIRGH, 7F 90% RH T, 4 Far b iy A K
AR ARAR /I, UEIAR L TSR AR 8L, B8R
WO 2% . T LI &P, Jikih s SAWH
A BHAMRKIET, F N I E TEKFKEE
e CuCl,. CuSO, il MgSO,, Ji¥HAE KK
REHAR RN, S5REW, 3 N E Ak
PERETE 10 RGP FRFEE o

LA ESKRE, HETEE HWIZEE N CaCl,
A LICH, Horp LiCl itk R el o AR IE Ik 5
fif AR B 5 0, S I I A T R IR Y PR
T, RERRAKE S, DL i s R AR
ZE TR AR AR BRI PR o N SAWH 1 F R
P B SARTEARAT R = 1 P KR, AU R — I
EERANITHY, BEARHAEAINRAIRE T KB B
K, (S A SRR RO 7 ELTEPEIR
A1 ER IR ) R AL T BE P B M B 1 e, PERE
TR, g, R ERME LA FRAE M T
R AR TR — I R AE SAWH A SERRIV
R T BT AR RE T AL S 1 R A TR AL L
12 HAEESR

WA e — S A 2 K BB 4 Bl 1 4 JE Y
FRRERRER ), PN R N e R T LA S 2 FLIB 25
, LLEE A A E AL A R KW B ik
(AW B RE ) S RERR HL AT G, RERR ELU)N, WERFFRE T ik
2515 MUL CHANDANI 2505800 5 7 il 47 Wi £ <k
MRS, SCRUERA, Wb A KR K2R 0.94 Lim?,
TRAPANI Z5B3705% 51 A3 B9 43 7] W ff1 245 70 mglg
7Kk (25 °C. 40% RH ), 7£ 45 °C. 10% RH [y %
PEFILEA#ROK , (HHEAE 60 °C . RH=10%f 51
KRR =R 96%, Uk B TR 1 AR I AR R AR
X . TR AQSOA il A ik T ik — () 38
AR 55 T S AR - W R % . Aok
v, WhAPERERR R, EHAKT N HTZ.
1.3 FEREMEM

Tl Y =B A SIO,, A BRI F R A,
fL# K 0.7~3.0 nm, HEHEFA 100~1000 mP/g. fi
JiE 235 ) R 1R S K L AT R R R W o, T DA S A
Ak ok, BE) TERUEE, — N FREE T R —
e ) TS 1 A = (1O 8- e L R iU E N2
TR 1 I RF 5 A2 i B A3 T WA A7 o S 3, R A
HikZs, fLBRMA, WIRAE IR, ESSA 1%k
FH R WA A R AR ORI B AP 23X K BH B 2% i
AT, AR BEEK 24 400 mL/m?,
SLEITI 25149 F 5k 25~35 mm 14k 5 15 S W2 18 A4
B, 7E 12 h WA T eE IR =K 58 159 g. il
RSB R AR, H B mn R
JEY R E A BRI, X LA TR WA R
KIEEIEA .
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MOFs A BHEIT 473k & i (1) —FpEC A R A
Y, AR . ERRmAUR . FLERN . fLEn]
P IR gty SR 1D, BRI T
SAWH 1. Bii, WHT SAWH %) MOFs #}
FEARE . RS (41 MOF-801. MOF-808,



5 6 1] A Ak, AF ORPHBEMKBh RASEK .. B SEE

- 1217 -

MOF-303), UiO %51, MIL ZFILI K HABZS] (1
ZIF &5 ),

MOF-801 J& i 12 A4~ M & By zZr 3 %
Zrg0,(OH)4(-CO0)1o 4 A, b1 AL iR ik 950 m?/g,
HABHMERREN, 7T LUTE RH<30%M) T 5385
WARKSF, HEAMKS  MOF-303 2
AI(OH)(PZDC)( PZDC Jy 1H-nHmk-3,5-— F i — F g )
AN, BAREESLE, 7627 °C. 32%RH LT,
REAE Lo e N EA TR ER, H Pk Bl 1.3 Likg™,
5350, MOF-303 % 4 B T B F 5 (Jud Mg? ).
FE M A, M= A i B K RE B RRAIG, 6 2 A
A SURS Bk By B R MOF-808 & i
Zr04(OH)4(BTC),(HCOO)s ( BTC A2 = HI R )
S, LI ZPIBRGRIED , MOF-808 HLA K [ 75 1
FRLL R i FLBR A, AR Ry W b L 4 K AT LA AR
ik 8.66 L/kg AYK .

Ui0-66 &1 Zrs04(OH)4(BDC)s ( BDC % —
R ) 4, BAKREM, 78 50% RH &4 4
Iy Eh K Rk 6.56 g/kg . MIL-101 A HLITE AR (1)
N, FAPE KL, S H AR R A i e i
£ 52 °C. 50% RH 14T, MIL-101 (M fi 25 1
N 0.56 g/gt . it finANE S AT U AL SR MOFs
FRHE SRR s RS T i R P TR K R 4

TGS MOFs RGBT HE R, A
B, HHABRWGRA R, MOFs S8R H RHFEH]
XFEAR AR BE 25 T RE S R AR S i R B K e
1, IR AR K AR e PRI AR e 1
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A 2 R et SO A A A B AT P A L
AL IPERE . AKBE I T LUK 35 A K it 47 7F 5 Bk
REYWE T, gy LABRKGILER, MOFs
AT TR I A 2R TSR Y L 3R T AR, X Sl
o T L R A S R A R 7, REAS 4 b
WA RETA G, BRI E R A E |
PR BHOFLBUCR S R TR, T2 I RE ) S5
PEREE L B MK}

151 ReMEEK

W 8 0 i T S SRR JIURE SR AR IR AR i, A
FENGURER I A B DL Th 2 T X —[m) i, 6
F14) WV V5 A AT 58 T B IS v Bl L TRI R v LB
SR BRI SR T W AR . LI PR A T —
ol S Ik 2 1 1) 7K 95 M ) 245 R A1 4 T e SHe 5 WA el
HREIASTE R, AR W45 b & A = 5 SR K 1 B g

P0G e 5, i) 4% 119 3R TR s T Mg - sk 400 oK A - SR AL 5
( PAM-CNT-CaCl, ) 7K &t (5l 2a) #£ 35% RH 2514
YK RE J152& MOFs 11 CuCl, #H1Y 3 4%, ALEID
SN L il T R [2-(FP L P T A0 ) £ ) — P k- (3
PR3 SR AL P M T K BE I ( PDMAPS ), I LicCl
5 CNT ix A PDMAP il i T & &5t ( PDMAPS/
CNT/LICI ) ER MR8 R A 14 5 7 7K B Jie Ik o LA 1
SRS RKARE T, KOREETR S TR TERE .

ENTEZARI Z:025 365 88 iR g dt A7 06 46 , 3 o Li*
i Ca™ ¥ G- Be A M-k B i Z B BH S T B
R it 75 5, JFE T DI RE LR 9K (FCNT )
RIE IR BH G E s, DI LS 2 (07K 4312 K
A, AT TARA M — e R & /FCNT( Bina/
FCNT) E4 6k, ZHAO 2N itk A 15 42
e (PPy-Cl ) FILEA AT D)4 2% /K 1 0 2 (N- 57 79 3
PIETERE) [ poly-NIPAM ) 4E U 7E—ie, il & T 82
W KBRS ( SMAG ), 7E4 T B AH X 1 B i Bl P S 30
T REEARIEHRUH W CE 2b), 16 TEREF4E( ACF)
HAHREFEK . LS . 5070 5] Jm b %
P, EJEIAN 27614 T LiCI/MgSOJ/ACF &
BRRE, R A RORHE T AR S I W
JKAEST, Hirh, MgSO, I AAT Bl T B 1k LiCl it
WANG ZEBLf Licl WRH] . gk a4 2 n K548
A S EGTE— R TR IER (NBHA)
T SAWH. 94K EF 4t 2R K B 28 BA IR a4,
SRR PR EIE T NBHA 1R = A f% /K fig
NBHA LA 1) Z2FL U2 45 F4 5 JH: B ol 70 AR G 3 48
fik (~18% RH ) 1Y 251 T L REEAR 25 5 MW S /K 45 o
IEAR, NBHA Hfs i i YCAEE bt BLA B0 AU
23R M W AR W B B )2, R AEOK B TR
WM, 7E 28% RH MR EEIREE T, WK fAE
ik 0.76 g/g, HHUMZRIE R, NI 250052 514 2 Jg Al
Y a &, FF & th—Fh 48 e 3 P S B MILEE I
(POG)( ¥l 2¢), R Y-E 28 & A WA i H v,
Hul o7 & KRR, MR -2 A
PIAAER , i POG HA A 251 | Wb In) 45 IR 14
IS B A BH RE 3R 3l AL 7K 43 BT
1.5.2 MOFs & 8 444

ZHANG 2%} B A A JH B #E I ( HCOO™ .
CH3COO™., H,O/OH #l PhCOO™) K MOFs 143
J& A% Zr #4714, W BUT-46 MOFs 1) 3 K
%t HCOO™ #f H,O/OH HX 1t ] 4 T~ BUT-46W
( ZrgOg(TPHB)15(OH)s(H20)s ), JFHGHiIER T ik}
TE 24% RH 41F T WK B, XU 2ER%%E MIL101
MR E: LiCl &8 T LiCl@MIL101(Cr) ( A
2d ), 1R 14K FH MOFs iy 22 FL M fife ke 1 5 1% A1 6 Al
B TR, 2 REZER T $hib 2= Wbt . ff 2 fn
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VA TR B 45 22 A W B R, A AR A Y AR R
M R IEERR R E M. WU ZBE Ui0-66-NH,
524 MXene TisC, (BRALERRR/IE LY — e 90K 2
WAL, 4 T HAEELHS Z M %E N E 5
KB (TisCr#82% Ui0-66-NH,, TUN ), #RJ5 i Bh Bk

¥ Ba: "~~~ poly-NIPAM
PAM-CNT-CaCl, ® rrya
« H,O

K FHEEIRB)
HI L R

A% /5 FIPOG

Laine S5
HK SHRBAL

() BETR N ( SA) L%, HE—25in T s TUN/SA 3%
PR (B 2e), TUN/SA it 3 138 558 v /K 43 F /) H
SRIERS, AR 1G5 /K 28 SN LR 1T 1) PR kI
WY . AERFEDEIGT T, TUN/SA AR L 96%
114 W K

N
K PR

TUN/SA

LiCI@MIL-101(Cr)

Kl 2 PAM-CNT-CaCl, /K #E 45 I (a) B, SMAG MR MER R (b) B9, #15 POG 1 Wi g 7r &
K (c) P Licl@eMIL10L(Cryfy gty R & & (d) B TUN/SA Rzt RER (e) 1

Fig. 2 PAM-CNT-CaCl, hydrogel structure diagram (a)*”; SMAG hydrogel hygroscopicity diagram (b)!*¥; High hygroscopicity
diagram of integrated POG (c)!¥; LiCI@MIL101(Cr) structure diagram (d)®; TUN/SA structure diagram (e)!**!

TANG %517 MOFs 15 | A ] 2 — - FH R
O T SR KOS R, R T A REXT K 2 W i
feh. BiZE AR T SAWH, 1375 190 g/kg
K ZEA AR B R A ORI A B A K ik A
BT TR A JE - A HLAE SR A RL (ZJU-210), HE
#7252k 058 nm, HAFLIENHHA F= & 1R 47
S, BT APRLLIE R KM . AL, AR
HEA RIFIEHFEN:, B EMRATTE (10%-
20% RH ) FBRM A RAFA9/KZRSIZREE T o

MOFs & &M kA KBE T m 5w, e
BELAUBLAL R I 1 i R SEEK ML, (B MOFs 224
G AT RH & T8 4 o 5 2 AR &, R A
G UL BT T A e — 2
153 Hukem

MnO, %5 ) R AE A R F b T iz A2, FIA
IR, WANG 25804 KMnO, F1 MnSO,eH,0 i
TS A I N I 28— 250 s 0 Ak BRI 28 T /K 4l
7 CHPZAREEH MnO, ), i, JeZ2HHE+ (£
BUE KAL) vIFE 2 R LA 75 KgAK, oK
W B PR AE IR AR o R AR X X 3, KA Tl
R I o 380 J2 0] 5 7T A 2 v A X R DX, R
T 0 ) A B AR 7 A 22 J2 K -k I 7= A B K
1M HKENER B A B B R0 R FHRE R R, Rk

AN B B A S L T e fh A2 2= ] K
Pl o

ZE LRTIR, SAWH FZRARIE R0 N BLAT oK
REST . PREMREK SN 152 . Sy PHAE R IR E 1 o
MR K AR T 30 3 2 2 R s R R 590 7 — R k1] A T R
P12 DA SRR N 2%, T LA DR 22 K500 B 71 s
K HBEAT— - B 3h , PR T AR K 4
KA, TR TS A Rt — 2P e A, I
o 00 i D ) A L D% 22 LR A% S5 A% R A AU A 1) Rt
WIS A KA T LM P sl it o X F— L83 R
RIS WA AR R AT B AR, 2 T B0k TS
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{0) e RS - 1PN 2 €Ut S ERNE @ N 1
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RE, RMEXTLEALS o TS 2, PR mEAHLZE S
AEDL 5 1) SAWH 4 BHIG IR JE S o

2 DRI LTI
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KRAFBIKIY, K BEBREBREHL, i, 25K
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FAE A IR S 1 A R A 04 A1 A At 2 e R A
il 52 B 5 A0 A K 0 B DR R 500 A g o i i b
BELL EPEREHEAT S, LR AR ERE AN R 1 TR .
Sk TR LU b 43 AT S 28 R R R TE A [ W A R
B IR RE ST BR, AR LSS R R, i —2P 2
il 7B - e T R A A I (B 3). Al 3T
DL B, A5 MRS A R I B AR R R A T
bR RE, BIVAE 7RV 5 I SRR T, IR R S i
T RE I ATh R 22 o Tl 4 S R e 288 A W I 47 RE SR A 1
Fefaoe . ASBEE TR A0 A8 10 BRI B2 1 A2 1k .
WR RS WA 2 IR A EREE AN A A
FORIZEWE AR, HAE SAHW I FH FP AR 45 20
KPL ( k-RFLIE/IPPY/LICH ) 7K 58 15 O TE 145 2 7 A%
B (<35%RH), B EEREIRE (=80%RH)

T, WHEABEWIRAE S i ZIU-210° 5 A AL
TG PR FR A T o 31X S A L A A0 S 2 i A H AR TR K A )™
H ELA AR R J1, i NBHAPY G R pi A A=
7, PAM-CNT-CaCl, /K %t O TAEJEH T, K
PR OBRAN B A, 1 T T S XA R
K ) BB % i i 220 R K . Hoh, Binal FCNT!®
T W B 750 5 385 XK A= 7 B R O T B A AR K Y
715 POGIY I PDMAPS/ICNT/LiCISYH & 7F [ 4k
PRSP EBOR KR BE S, W TRk
REIR . 1PN~y @ N S O 1 A/ ) B T
PR A [P i, 7 S B 4 7K R FH o 57 %k b ek ad A
PIEBEHL, X AR A DL K S B 4 T % 1
e B W 2R G015 3B AT 0 A R A B R AR g 7
KB

R WRARHY R Kk e

Tablel Classification and properties of moisture absorbing materials

kL2 B4 Bk MK FREE W g 7 T RE NEZ A E DU
wiREhzk  [EMIM][AC] ;8?’ RH 8-1g gjg PEFAEE MR IR oK R e A PR [10]
% RH .18 g/g SEE ) . 3E R RIS
20% RH 027 g/ 7';%?) ; %FH;:I%IZ( TEETE
60% RH 0.63 g/g T BV Y SE B = R K )
80% RH 1.18 g/g
CaCl /i #i DR BB AA RS AR ORD B & o B ARG, SEATERT S eFA [22]
s 56.62%
CaCl/¥b+ ENEMETY WAk 1359 — — [28]
LiCl/ib1 AR 125 g
a2 WA (B2 3mm,  10%-40% RH — 38 AR T S X A — [36]
%)% 650 kg/m®)
HBEA %! 25 °C. 40% RH ~30mg/g — — [37]
A3 #l 25 °C. 40% RH ~70mg/g — i B AR B L
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Fig. 3 Humidity-moisture  absorption  capacity
di agrarn[7—8,10,13,22,30,31,37-38,40,48,50—53,56,58,60-63]
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Fig. 4 Optimal design of SAWH collection device: Water collection device based on passive radiation cooling technology (a)'®; Water
collection device based on phase change material (PCM) to improve the effect of condenser (b)!”; Fixed focus water
collection device (c)!™!; Water collection device based on honeycomb adsorption bed (d)*3; Water collection device based on
interface heating technology (e)!*%; Water collection device based on rectangular array adsorption bed (f)¢2
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