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Research subject: Because of the constant deterioration of environ-
mental conditions, the world faces energy and clean water shortage. To
address the water crisis issue, the solar steam generation system has
been considered as a suitable technology for seawater desalination due
to its competitive features, such as no carbon dioxide emission, low en-
ergy consumption, and high efficiency. In modern solar steam genera-
tion systems, solar energy is harvested by a photothermal absorber and
then converted into thermal energy to heat a certain volume of water
and produce steam. Then, the generated steam condenses on the inner
surface of the cover, and clean water is collected. The five key features
required for solar steam generation system are: high light absorption,
low heat losses and heat localization, proper water transfer, and the
ability to float on the water surface.

Research approach: In this study, a solar steam generation system
based on a graphite absorber layer is built, and its performance is im-
proved using nickel plasmonic nanoparticles. In order to investigate the
dependency of the performance on the structure, two different layers
including cotton and polyester felts are used to transfer water control-
lable. In this study, the water evaporation rate, surface temperature, and
efficiency of the devices are evaluated.

Main results: Thermal efficiency and evaporation rate for the system
based on the pure graphite absorber is 68.17% and 0.97 kg/m?h, which
increases to 93.57% and 1.37 kg/m?h, respectively by adding nickel
nanoparticles. Using two fabrics as the water managers reveal the im-
portance of the thermal energy and mass transfer balancing in the sys-
tems, which strongly affects the devices performance.
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Figure 1. Schematic of floating solar steam generation system
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Figure 2. a) [llustration of the solar steam generation system, including the 1) photothermal absorber, 2)
polyurethane foam covered by felt as a substrate, and 3) bulk water mass container. A substrate with I) cotton felt and

I1) with polyester. b) Image of the system under the light of the solar simulator
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Figure 3. Nickel nanoparticles as a photothermal plasmonic material, a) XRD pattern b) TEM image

VA ok — oo (cwiigo 695)15 b g3y gl Ay (o (iR gy (sole anlikiad


https://arcpe.modares.ac.ir/article-38-66197-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2024-12-31]

2SS e ailele o Shee sla )

~
9
o
St
LV
‘é
8
B
<
1 1 I
400 450 500 550 600
Wavelength (nm)

IS Ol dgils dl 3 S ye e s B JSS
Figure 4. UV-VIS absorption spectrum of nickel nanoparticles

PR R LES WP vaIwg t Y Ql_?)ﬁ‘;g: po—3 ‘_,’_3’)‘).>
DYV e p opb e g Scias cdle o ieagh o
= B pizen ol GglS e g <10V
L =l i ogbye g St e 5 a5 o]
Ut el ol o ste il o S < JEVY 5 FYA
35-bin oo 2l g9y Jleyigish Sl Y ails
Seoyn Ve L ped ol dts dblie cmge 4 YO
Cpio g0 LS 50 a8 Clasd; 5,8 Ol jo ps b el |
e LSl (0,5 bt g ‘:s—;)l)'> @bl pals
b gdioe 7 gl 4 0l playz (93,5 0902
e Gyl Sl Ol ol oo pgd 599 e dodizny das
D gt g (Kibge (59, SoS A (sdng
&9y 32 2l o3s 3l 1y ol sgame g pglas y5boay 5 us
53 odliil 9)9— slsied 5l (oS S gl

At 5 9 (e (59 Sl 00 03,91 0 S8
Mg 51 ol s A ST 5l 4 el i )
b5 e aed GLI S5 ol a0l (Ss aad

4_:;}2’ Sg->9 JL».Z}‘ 4SS Sl oais ssmlie 6)_§io
ol aises TEM UIMLM Sy o= il =Bl
Slaie dores (Cwl ;agill Tronga > 0 &l d laugie
Sos 4 39 0 odnl e D)3 a ez 3l pax i
Al emablise Jole il ol

s g sy b JS 0 0l 5 i B
s il jo pad dgl YL oo L e 5 an j5
iz daob YL el L (gai o3 (il Sl
G —wgil ¥o IS Dl 3456 (UV-Vis) i sl 8- Sye
a8 .ol oo s ool s F S jo ol e o
gl TVO G035 0 oS aml o oa i, ol
sl O35 b ] S gy Epols snsmolis

4 Q)‘)_'> Ol )Lq,o 6‘)_.1 Jl_a).’ij..ﬁ sl
ooSonzmey (L ynih 5l sty nj s, 2 ol e0s
K9y — od_m;).a.a.a Ls))—" R PR u_’l.’ RPN B
Ao yorie Ogdxe u] ul—’)" S ) l_’ ob-o@ u.)l_‘>
colan L] sss o soiads JLsu 5L Lo Laml3dl

Sl 9 (@ g sl 0ed (Al 598 098y S sl & IS5
Figure 5. Optical microscope images; a) cotton felt and b) polyester felt

e i o S 1 e e


https://arcpe.modares.ac.ir/article-38-66197-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2024-12-31]

@lé)&m (GO 95> alolus Q)f.Lo.c ‘5&;)]

1.2
=
':':'; 1 e 09F el 0.95.
T 086" =085 __
Z08 - R 080 o -
2 e ~~-10.68 -- --Cotton felt
S 06 - =
= I e Polyester felt
SN | |
€04 '
8
&
ﬁ 0.2

0 -+ T T r ¥ ! ' ! ' I
0 25 50 75 100

Graphite weight (mg)

il S Jlepgns Ol Jlade wlal p ol s 5 loses & S
Figure 6. The plot of evaporation rate vs. graphite photothermal absorber weight

e £ il sl JSs Sl 3e b g5 5 3L
A5 0,8 e ia ¥ JSLh 57 JSE 50 daglis 25 5o
el YO mg Jlacis 4 (00 mg) cdl S 4 S5 (y09 3-8l
A B, sl 30 4y S e £ il
Jloyisnd Qe el oa i YO MG 50 mg Lo do Lo
Cnd iz Gl g gy 0l Gl lyls S
RIS FRNE TS YV YOS B | PSRN I | 7.9 JCOW
SatS bg pe ( Sge—dly S35 S0 wsile S8
Localized Surface Plasmon) xs50 gelas (yg0—udl
UV-Vis .o b IvAl Ivvl c—.! ((Resonance (LSPR
=y 4>l 50 98 iz il adle JSs ol 3e
5 SBlS G (Bl A o ol il
&= VYV hkgm™ e 55 #0054 leS o ( SIS0
aad el wl L a8l 3 L ol o S0 0,5 Lo YO
Slade Giali8l sl e Bl F s a8l cws glay
o) b sl oo GiealS o, 5 e YO ) iy U5
oi2ll g osd gydg IS (od w4 G0 |, !
B! I3 msizmods 5 s gl 4y ol JLi
Jeigisgh iz YL Cow a 555 S5k 5 (5,1

Bl Caid (S5 l3e b ala_wlg 4y

90 = Sl (BT 905 )9S ymgas A USB 5o
= et LIS 5l g Yo 5l gl Sjgots 0
iz Olilgs a cwl oo i 00 5l Ll —waige
Elo amboloml g Jlo igid Qs 4y j0 ol g 5
E9d s d_a)la )‘ uT JL_M: ilalws Cja_.w &9y y=
3l o, 5 aslaie a polas jaloay 4V 3 ol Jla!
il b sadss sLa 51 05iiso 43| JLa s
el gy 4 5l S s sles s e 4
lo,S DU I Jleigigd Sl an¥ 5 0 (Sl gale
Ol )0 S e 6 S sl ol 0395 a wai o Jg
ool cdl an albigS o o 5 Ce s ailelw
ol il b slod )3 (51> 5 659

ool s Of la i a5 BLII o alols .ol
b 23Sl (S A il o5 (S eslasl e
5 &b (e Sz by 5 (S 0958 )
sy el aed ol glasl Ol o iy ol SLI
Sldlalols g (g, Sn Te d90m y0 L3 L (SUT gl
5 oo Ve b8 Lo (g il e SLT 55k
Laoes cBl 5 iz 50 Ol (ol ol (65505 e
Loyl jo ol Gics 5 oumiaS YU ol yo Sglas ecels
Vo oy ol i g umiS YU ol il oo
g ZYFAY g VO em S Sy glaon v i gl ad B
o 03 e LY Y/F )+ em gyl L ol

S—,95 s adg allbw s 57 S
ol ds ST 5 el S wlel o ol |
oadosilid Lila jlade rolidl s S0 &l 3450
aolie L S ils 5 JSIh o el ool imles |,
onil—is 4 Y 55 69y m p S e Voo g VO B YO
& b 695 2 Sl lacie alEl Lol oo
i A i Ly iy o el e
e Oty Sl ey Ll i (7 595 3l 0 (6l
Wl SOz d g adads a S 81T o fe op s
48 ol gy ol a9 0)lugd S £
Bl 2215 533 s (83, 1o CerdlS A i
e 51 0ad 039 a7 B IS ol (- Sae
T ammiS)d 9 99— 6 =S o> P w4 O
Wb ye S e il Seo sl e palS s
prS ke O Sl Jlafe jo oSS E T op iy
kg/m*h o g 6 il 5 sl ved 93
el 00 (g o5l <IAD 5 /A
ool IS 0,390 5 e 5 el sl
L dsgad 4o Ogliie (g slodo o Las culons
sl 6l sl ot a3l 35 o, Shee oy i
YO oy olie gl F 0 mg ol Jloae 3l 8
el oa oolial S )35l 5l S oo -
Sloie Lioldl g so cdalin ¥V S 0 aS b jlen

MY ok - ood (i 631 o gy gl Ay o (g (oole anlibiad


https://arcpe.modares.ac.ir/article-38-66197-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2024-12-31]

@‘O)niu (G 95 dilales o ,Slos éLﬁ)l

g/m? h)

1.14

097 098
0.85-""

o o L
()] 00 b ¥} = ()]
1 1 "

Evaporation Rate (k.
o
=

o
(&)
N

o

145 11s

“T0.93
-- =-Cotton felt

‘‘‘‘‘‘ Polyester felt

0 5

25 50

Nickel weight (mg)

IS Jlepgnd Q3 e ulal S £ loged ¥ IS2
Figure 7. The plot of evaporation rate vs. nickel photothermal absorber weight

2 P ez g5 il g o Sl Sl i
Iy e Glo oo slom) (gl )5 onds b s
los piml38l (=YL w51 5l BT 5l g an bl
A ST L (gl aed oy oo iy ol b 0 sS e
e o) Ay il oad xS e
.QJ_TQLéL'IJH)'_?u&bu)Jd‘Hng)_i‘jra)_?@)"y
Slas caiads sloo,S 5l iy mwyp jetaiod

035 4y Cmlad g lgd d A lnld g mlal 5o,
M) =5, 035l po—tho 3l 09— o il g Jiite o]
o gles goojl 4 ISl o Lya] Do g0 oolai ol
ool wl el g0 sl JSi/eddl S Jlayignd Ol
el 0l oaly s g il b aad g gl a
alads oamo il e s aile Jlag—es oyl 0y,
oolaiwl L g 0, Slos yizmon g S0 lafo a g

TF

2=0.96 ol B ) o
il s 0 gl ol SIS 5 YL 51 (0 5 5 5 sy i b dilolis (gl ailobes

lay e aed £95 93 L Sl (S 93 (e

2 a8 S Sy o Ol LA (6l (Gl
omlamaz g L canlond 5155V o 5 7 JSs
Soglie o—ai 90 Ly jpied £y Sl il 0y @l
el e Gl e £ Lol el S, Suss alie
Ol Sl (glamy o 51 VL (g il s b
Aty Allw (ol ;5es j0 gulS el ol Cie
Olie o oylil 4S5 bjlen inl (g )95 )L
s VAUV ity il 5 lamy Sl ol wis
Soglas )l (e oo il oo A le a0 Y VY
ool diy Sl iy abaie gl a1y Lyl o
e a8 ols cas o i calbis 4 Ol L
Syl s ol Liz bl gha s asias a0
Al 4 SST Jds a Ll el (6l b o 51 e
Pz A L el 5 oa S Oy a1, O
il g g ools JLasl joes mhaw 4 Jlo 5558

26 B
LS 9 b 5l (o g Al ()l Gmygd pgad A JSS

Figure 8. Thermographic camera images, a and b) top and side views of the cotton felt system and c and d) Top and
side views of the polyester felt system
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Figure 9. Thermal efficiency and surface temperature vs. graphite/nickel photothermal absorbers for cotton and
polyester felts
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