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Design and Fabrication of a Portable Device for Water
Extraction from Atmospheric Humidity Using
Nanostructured Adsorbents (Metal-Organic Frameworks
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Pt - With the growing global water crisis and declining access to freshwater, atmo-
spheric humidity has gained attention as a renewable and sustainable source

of potable water. This study presents the design and development of a portable device for
extracting water from air using nanostructured Metal-Organic Frameworks (MOF-801).
The MOF-801 was synthesized via a green method, using only distilled water as the reaction
medium and avoiding harmful organic solvents. The resulting framework, with a surface area
of approximately 700 m?/g, was integrated into a device consisting of a plexiglass chamber, a
planar heater for desorption, and a thermoelectric module for vapor condensation and water
recovery.

The system operated based on scheduled adsorption—desorption cycles, and performance was
evaluated across multiple runs. The MOF demonstrated a water uptake of around 35% by
weight under ambient humidity. In semi-industrial operation using 1000 grams of MOF-801,
the device was capable of producing approximately 3 liters of water per day. This output can
be further enhanced by increasing the number of cycles and optimizing the system. The total
daily energy consumption was measured at about 1.6 kWh, translating to a production cost of
less than 100 IRR per liter.

These results confirm that MOF-801-based water harvesting systems are not only technical-
ly effective but also economically and environmentally viable, offering a promising solution
for potable water production in arid environments, emergency conditions, and portable field

applications.
) . Article history:
Metal-Organic Frameworks (MOFs), Nanostructured Materials, Green ]
Keywords Synthesis, Atmospheric Water Harvesting Received: 29-05-2025

Accepted: 25-08-2025

Corresponding author:
*soroshaghajani47@yahoo.com




available online @ amnc.aut.acir

FAV=EXPOF  Y=Y)FA — (3 95 (sl yiacdi g3 g dad poiiny 3l go i 953 cols da yulih

U lga Cugb, 51 O zl kil Joo B oliws Cdlw g &b
J-H sLosr,la) JUslugil odle I (g o e
5 Sdos Juli g juw puww :( MOF-801
TS e o (530 S BI Laome

O]).’.I ‘Ol)@. WCaxinog plr— oSy BTy s ‘_5)9&:3 0SSy =)
C)‘)?.‘ ‘01)@' ‘(&) Ulc fLol Lg)mél oKl ‘;5\:)& 0915 ‘d'.’.li ‘991:— oSl =Y
Ql)i‘ ‘Ol).p:}’ ‘(&) u‘lf‘ raLo] d)AMé‘ oKiily 6 g0 og)f ‘d.:b (:919 0uSuisly =Y

e e g ) g0 Cagb) Sl odlitul e Ol lie & uyted (il 5 Of Gl S L

2 - - . s . . ZF o . . “1 1 ;.. & o
el ya ey calo g (2l ingh cnl )3 cwlainS 15 i argi 350 Selil Ol el sl b g nil> I8
\FoX/a¥/ A I el jlslogl caodls ) eslimul b lga cogby 5l Ol glsxial lp Joo JB aibole o 8
Ol oolizul b s g JT cla M i b cjuw gy 4 MOF=-801 jiw .l 43,5 plosl MOF-801
ol iy G ol oSz Hlslo 45 ¢ Voo MYGE ofg o b ok i S gmyls Chply Sygo Mo olyisds o

VYo X/ P[0 Y

Sl oglaen 5 ) Gl ly (B = LS oy g Cashy Glaly sl (Slamine (Sp 5 ((SIST Blid Bl daiore
Sl 62 iz (b ol 3Ses 5 48 bl pasiie gangle; b olely g o laas i (b a8 S o,
Dy Jgd BB (559 103V ade & b gl > O3l bawg Cughy Ll liee cpimen 85 )15 a3l 5,90
ool 55,0l 53 Gl ) ¥ sg ISal MOF-801 £)5 V-« sl oolitl b iaioos olie 5 45 ol o5 s
395 % Wlelo JS 52 Bpaae (e el (il BB b 4 2 0lus (il 38l g olKad (gl dizae b (liee ol oS ol

Sy oo yid o il @ logi Voo 5l S 1) O adgr auja oS b (¢S 05lnl celuclyahS V/E sgus
5 31 Sl b bS] ki olaaibls owi ;> MOF-801 ) eolitul 4 an3 o lis L ol slacily
4 My Sylas 5 Sl bulyd «Sas 3blia )3 O ol sl bt (G35 55 Gtumlame (sl 9 solaid

Sl gy S Ol g s s 3 Lagil Slge (MOF) JI=38 clacse )l W suals 418519

soroshaghajani47@yahoo.com :oL5Ka I suge




g Cugby 31 Of 2l ysiw] Joo B ol Calw ¢ 21,b

A ] ool oyl
sbon b @il glass jl Site ol)lisle LMOF
) e o o xmn T GbslS) 4 Jate s
wgdol YU zdsd dles ol 0)84 askie | olesd
GHeS 4y g et 5 T b 5 s 1S
Jas s ol ey laogls s )8y Jlosl
3Gl MOF Gl glgl b 5l 00,8
MOF-801MOF-808 il posisS ) » siine (sBMOF
Sl b YU Ol Gls cud)ls s 4 MOF-841
w3 V00 5l k) oml bl gpdlel 5wl
e e S S P
(Sdmaw Hlidle b {ZréO4(OH)(fumarate)s | MOF-801
b podyygyie iw Colils 9 Y ofy pdaw WBaix (slaoyi>
e ol o Cla (e laodl (S5 g

IVe &) el sad
oS iz 3 ySlae MOF=801 5" wilosly Lis yuadiay lalllas
om0 e syt 55 (ol (e slaasoy 5
P Ve il 4 ol Qe e)F YO ag0e Ol bl
Cedil hlSen 5 (Sb g doyd Ve Cugb ;> MOF-801
o2y 535 Mo yd Ve Cugley (3 1y (Sjs o pd VYA Gls
Ul 4 MOF-801 ,, it plaailebs ol pmimon
o ) 5o 0 3l p Sk o (il O 1) aix b il
2ol cpl Slles lajluloia () &35l 4 5l o

V] o3 S s oaBly yolida

b lga )3 35390 Cugby 5l O W (6l MOF-801 > Slas
395 oo plos] Lol als yo

e dls e )

35 (8 3B (oo Cusby b (Jae > MOF-801 )39, (B9
S JgSge (o) Yo BV d9is by slacugh) 3 (o)
ol (esl) 305 o sloojis o)y lgm )3 5920 o
oy )5 sl MOF-801 j5 clyas S5 pdaws .59 o0 03Le
oS CunlaMnS 0,5 5 b oS g y0un Ale Cangd]  olowds
ol WS e By (Sigpen Ciums Ngy ol slaJsUse b
09 290 (a5 JlSle (19)0 Gl & Ked oo el gy
a8 b oo dell Sloj U ol Gl 395 a5 osle Hlis b 4SS
1o Fe B Y+ 590 Ygaxe MOF-801 gl,) 3655 gludl oolo
(el (S5

 Cinly by X
o 09 & sk, wb MOF-801 a5 gludl I

dodko —)

Olalitlagy g lol latlle Sl (S b Of 298
g S 3ble )3 ohgd dsdoe Cgune pSygunn ()8
9o (Guojnj b (haw Of glie 4 (o pod o St o
(oS e b ablie lp plae o)l 51 (S el
5 IS Cls ol 45 ol o (gjlippmd slogssls
o) b Saelal O Wg el e O 5l Saxe dlge
sl wle) )l slagbyy (ol gated 53 4 agsglis
lis slagbyy 9 (Bu w315 9 MED! (glals poiz  SlST
329 b Wgbion el (jlag Sl 5 ugSine jewl aibo)
Sl 35l G551 Bpan il (Silocn b Vb 2
Ol Coge a5 (bl o (dund (glaCS guw 4y dtusly bdes o
ol ] omizman D5 o0 amacin ol 5 by s
Jds s cdele ol slg o i 0alidlygn bl ;o aailobu
eyl Vb slaanjo g 6550 sbcdloy d90e8
JB g aponigyie whypansS slaylSal) drwg @ )
Mo @90 (Folio ol 3 oigt o pd ol sl (sl oo
Yo

o2 0,5 (ol wlie JS 5 aoyd Y0 d9a L5 el Lol ool o
B ol o ¢lje ) 51 4 amd 0 JS5 e S
G 0 onl iy by /Y S @ sl glyy o yied
5 2 oS Sygo O o g BB Hlade ( lie ,> a5
P19 53 (5 45 =l gk VD D92 )3 =3l 9l (e
Al dr g B Wlg e o oy clalé 35 (SUS ) jpae
oisuel g dlglys (63,805 (AWH) g2 cagh, 5 ol il
oS 29500 Jlod 4 Sl wlie 3 S Gl b ablie
¥ 8] amoe LialS |y molo O golie 4y Sty

sl b ymo g3 3 T il sl Lol 3,55y dus (35S
e Al 5 (gjlod e Bk 5l ol e plae o (55laen
Ao gy opl e ool b Gl el OOl dlge 5l ealizal
sojl ) ad Slles bl L 4 ol ) el
e odimn Slises 5l pis g gk, 9 (2led Sy
7 ] conl 48,3 )1 \8 dn g5 5y50 i

i gy 4 T(MOFs) (=58 (slacgz )l iy ol
ok gaw pldS ol Sy b 5yoh S dge I o
Clalyole clbl 5 olad BB lajlile Vbl

3 il e 5l O Gl el 1y Slghd Sy cpadyeasSl

1- Multiple-Effect Distillation
2- Atmospheric Water Harvesting
3- Metal-Organic Frameworks
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Figure 1. Schematic of the equipment for determination of adsorp-
:tion performance of MOF-801
desiccator, (2) digital temperature humidity meter, (3) sample (1)

in the Petri dish, (4) sulfuric acid solution.
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1- X-ray diffraction analysis (XRD)

2- Fourier transform infrared spectroscopy (FTIR)

3- Thermal gravimetric analysis (TGA)

4- Adsorption/Desorption Porosimetry (BET)

5- Field Emission Scanning Electron Microscope (F-SEM)
6- Transmission electron microscopy (TEM)
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Figure 3. General image and schematic of the device after

assembly and installation of parts.

10 bawgie ok plae g s Gloj O g (Cugb 4 i)
a5 s s cels)

sl el ol

YA plej ey |y Cogy MOF g o 5L dom ) sosds )
WSS e ol celu

B g ey (SpsS Oinle)S aleb odd du )3 15 Y
s ) i & 55 il Al g 5 3930 15
2555 o gy oy

S oy o 41y 025 255 Sl 51 oyl s ¥
S o Colin 3y

g o Jidd Ol Slikad 4 30 pas (59 ) 1lage
Sy ySlo S 0y 305 ) 48 (6 o0y (w S8 35 pgl e O
Dgul oo Colid 0,83 35t Cuow 4y oldiylae O 0l Cual
LB MOF &8 obs o)lis alislojl cla 9050 gulis (o) p

ol ol sy 2 See slapall Y Jeua

to saturation

Table 1. Parameters affecting the absorption rate.
Parameter Description Effect on Absorption
Relative Humidity (RH) The percentage of water vapor in the air relative Higher RH — Increased absorption

Ambient and Powder Temperature

Higher  temperatures  typically  reduce

absorption capacity

Lower temperature — Better absorption

Type of MOF and Active Surface Area

Structure, surface area, and surface properties
of the MOF

MOFs with higher surface area — Greater
absorption

Contact Time with Air

The duration of exposure of the sorbent to air

Longer contact time — Higher absorption

Airflow or Ventilation

Controlled airflow enhances moisture and heat
exchange

Better ventilation — Improved absorption

Sorbent Mass

Amount of powder used (adsorbent mass)

Higher mass — More water captured

Phase Change Rate (Reusability)

Efficiency of the sorbent after complete drying
in previous cycle

Better regeneration — Higher absorption in
next cycle

Physical Design of Powder Placement

Thickness and distribution of the sorbent layer
on the contact surface with air

Thinner and well-distributed layer — Better
absorption
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Figure 6. The nitrogen adsorption-desorption Graphs at 77 K and
pore size distribution curve (inset).
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Figure 4. X-ray diffraction patterns of zirconium-based metal-
organic framework: (a) in this study, (b) reference.
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Figure 5. Fourier-transform infrared (FTIR) spectroscopy test.
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Figure 7. Graph obtained from thermogravimetric analysis (TGA)
test related to the sample.

b oy (TEM) (65908 (595l
045 3 MOF-801 €05 45 1im3 oo )i FESEM ;5L
bl 39S ojlul @i g (ST LI e b9y
Wb o agcuid HiEle gl dged pizen A S
o IYF] ol g8 @l wpgon el 4 bl &S
S A o olis &S Wb calles L8 cldlas b easdl
oS Sy LSt 4y e bsas T ite MOF-801
g b X gw jl DS (aracdn bl sloa
{c d)-AJSs TEM 4 (a b) = A S5 FESEM 5l &
Yoo 5l yieS MOF=801 ages cl)d ojluil &5 555 0 oanliie
Sl (L8 Glallas )0 oad )5)l55 yolie b a8 cuwl yiogil
[Yo] oyl

Silwdled glod -Y-¥
8Pl ol b blze (ilold slos ulul  diges ,a
o,Lil MOF-801 4 90-MOF-801 «Jko (slyp .Cuvlois
Ol bl o o3l &yl ys o5 ko a3 3 A glod b 4S50
Silwld glod 4wy O Gl 3 Slas 39 0

G-MOF-A-\ J TEM jyslas (¢ «d) G-MOF-A-) JIFESEM 5l (a b) AJSS

FE-SEM images of G-MOF-810 (a, b); TEM images of G-MOF-810 (c, d).

o

5

951 sole

Sl g0

g

525 8

::3)
3
N)
3
3
3
i
>




8

—

&3

sale

552

Sl 5o

s

iz

::3)
9
N)
3
3
3
3
>

Lias 5 Sl

Ao 4 g o L&sg:ﬁl? 0900 u.b L;Lao‘_’)lfw )'l Laa‘_’j O

Y] 5500 Biged 5 i Ll Lials 4y i el ol

Time(Min)

il glales )3 G-MOF-A-Y Ol Gl ,ld) LY o JSWS

Figure 10. Water sorption behavior of G-MOF-801 at different
temperatures.
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Figure 9. Water sorption behavior of G-MOF-801 with time; Inset:
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responding samples after a 1-h desorption process.
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Figure 11. (a) Water absorption behavior of G-MOF-801 at different relative humidities; (b) Maximum adsorption capacity of G-MOF-801 at

different relative humidities and at a constant temperature of 25°C.
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Table 2. Maximum adsorption capacity and adsorption rate of G-MOF-801 at 50% RH.

Sample Temperature (°C) | Maximum adsorption capacity | Adsorption rate I (g kg™ h™) | Adsorption rate II (g kg™ h™")
(g/100 g)
G-MOF-801 15 31.3 59.0 10.7
25 36.2 70.2 14.2
35 36.0 77.0 12.7
Syl 423 Y0 glod )3 G-MOF-801 Cis ¢y 5 o cud )b iSlas ¥ Jgan
Table 3. Maximum adsorption capacity and adsorption rate of G-MOF-801 at 25 °C.
Sample RH (%) | Maximum adsorption capacity (g/100 g) | Adsorption rate I (g kg™ h™) | Adsorption rate II (g kg* h™)
G-MOF-801 30 31.5 442 17.0
50 36.2 70.2 14.2
80 41.1 92.5 7.5
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Figure 12. FESEM images of GS-MOF-801 before the first adsorption cycle (a) and after the 20th adsorption— desorption cycle (b); XRD

pattern (c) and the nitrogen physisorption at 77 K and pore size distribution curve (inset) (d) of G-MOF-801 during adsorption—desorption

cycling test.
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Figure 13. The water adsorption performance of GS-MOF-801
during adsorption-desorption cycling test.
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