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Solar-to-steam generation (SSG) for seawater desalination is emerging process which faces several technology
challenges for successful scaling up. Floating solar-to-steam generation (SSG) sandwich-based systems using
hydrophilic water bridges have been proved to be fascinating technology for seawater desalination. However, the
mechanistic pathways of heat dissipation, mass diffusion and convection are still the key bottlenecks for reliable
scaling up. To solve the heat loss and surface salt deactivation, we demonstrate herein the performance of novel
SSG structure for seawater desalination via the incorporation of cellulosic sponge as water holder to play a role of
water transit between hydrophilic bridge and the top surface. Two systems using low-cost materials were
compared, namely graphite felt/hydrophilic paper/polystyrene (GF-HP-PS) and Graphite felt/Water receiver/
hydrophilic paper/polystyrene (GF-HP-WR-PS). The process of heat generation and localization was maximum in
the GF-WR-HP-PS system, reaching 68.2 °C under 0.5 sun. The photothermal conversion efficiency was found to
be 92 and 114 % under 0.5 sun for GF-HP-PS and GF-HP-WR-PS, respectively. On top of that, GF-HP-WR-PS
shows effective steadily salt rejection during the desalination of seawater. The WR layer plays a crucial role to
govern the confined water, which boosts the dissolution of salt and its convection without significant heat
downward convection. As a practical consideration, the cost of used components to fabricate this SSG system is
very acceptable and without major restrictions.

1. Introduction pollution which require the design of processes to clean and desalinate

water [4]. The World Bank group reported that about 1.6 billion people

As a result of the extensive worldwide population along with huge
agro-industrial activities, many issues have been raised over the last
decades that threat the current and future generations. Environmental
pollution and high energy deemed are at the top of the list, pushing the
scientific and industrial worldwide organizations to seek for urgent so-
lutions [1]. In fact, these issues are directly associated with the linear
economy approach that have been applied since the industrial revolu-
tion to fulfill the economic needs, and up to date this approach is still in
action in many countries and regions [2]. Water is the most important
natural resource in our planet for humankind’s survival. Freshwater is
essential for all agro-industrial processes and human daily use [3].
Nowadays, many countries are suffering from water scarcity and water

living in remote areas will not have access to clean water by 2030, which
put their lives in danger. Over the last decades, the circular economy
approach has come into action to solve environmental, energy and
socio-economic challenges, which belong to the sustainable develop-
ment and zero carbon emissions [5,6]. Circular economy (CE) is a
general concept having different definitions in the literature [7].
Shortly, it is based on the use of sustainable and clean processes in
different fields. The management of agro-industrial wastes, by their
recycling or/and valorization into valuable products, is a core in CE [8,
9]. Certainly, the use of solar light to drive environmental or energy
production processes is considered as green path to limit the over con-
sumption of natural resource such as fossil fuels [10,11]. Solar driven
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Fig. 1. (a) Components to build photothermal material. (b) Scheme showing GF-HP-WR-PS. (c) Image of the photothermal reactor showing the condensation

of steam.

photothermal process, so-called solar-to-steam generation (SSG), has
received a lot of attention to be used for seawater desalination [12]. On
top to seawater desalination, SGG application has been widened to
further emerging processes including in energy production [12],
wastewater treatment [13], electricity generation [14] and so on.
Freshwater production via photothermal process is very similar to the
natural hydrological cycle [15]. It is based on the heating of top surface,
excluding bottom water, to boost the conversion of water into steam, to
be condensed as fresh water. Even though SSG processing is very simple
and low-cost, many technological issues have been raised limiting the
real world application [16]. Materials with high light absorption and
light to heat production abilities should be designed to be used as
photothermal layer (top surface). A desired photoabsorber would have
broad solar light harvesting from 300 to 2500 nm, along with reduced
light reflection [17]. Several materials can be used as photoabsorber
such as carbon materials [18], polymers [19], metal oxides [20],
semiconductors [13] and plasmonic nanoparticles [21]. The localization
of produced heat is the most crucial step to maximize the water into heat
generation. The heat can be lost through two different processes, namely
heat convection and heat emission in the air. The heat convection is a
natural mechanism wherein the heat moves from the hottest area to
coldest. Therefore, thermal-insulator bilayer structure is required to
avoid the transfer of heat from the top to the bulk water. The nature of
insulator is very crucial which should exhibit three main features such as
excellent thermal-insulation, good wettability to pomp the water from
the bulk to the top surface and good salt rejection ability [22]. In gen-
eral, having all these factors in one single material is very difficult, and
therefore, a tradeoff among them is usually accepted [23-25]. To bridge
between salt rejection and heat localization, Zhang et Li. designed a
photothermal system with a fluidic flow in a wick-free confined water
layer, wherein macrochannels were created to reject the salt through the
natural convection process [26]. Three layers sandwich configuration
wherein the hydrophilic layer is placed between the photothermal
absorber and the non-porous insulator has been proved to be excellent
for heat localization as compared to traditional double layer based SSG
systems [16,27]. The so-called tree configuration is one of the latest
suggested SSG systems wherein the photothermal surface is located in
the air far from the water surface and bridged with water using hydro-
philic column to transport water from the bottom to the top photo-
thermal surface [28]. In this case, the localization of heat can be
maximized, while the salt rejection from the surface becomes more
challenging [29]. The stability of the materials that can be used for
long-term in seawater under solar irradiation is very important factor.
Most of photothermal materials are obtained via chemical processes by
coating of nanoparticles or/and designing aerogels and polymers as
photothermal or insulators which might result in weak stability espe-
cially in harsh seawater conditions.

Herein, we report a new SSG configuration using commercially low-
cost available materials. A new layer so-called water reservoir was

inserted between the insulator and the top photoabsorber surface as
water transit layer, which in turn limits the heat convection and allows
excellent salt rejection at the same time. In conventional multilayer SSG
systems, the hydrophilic layer connects directly the photothermal sur-
face and bottom water which results in huge heat loss due to the con-
vection. The mechanisms of heat localization, steam generation and salt
rejection for seawater desalination were discussed on the novel SSG
configuration compared with conventional SSG sandwich process. The
role of water holder layer to govern the confined water was investigated
was for the first time in this study, and the mechanisms to insulate the
heat and facilitate the convection of salt were studied.

2. Materials and experimental

Herein, new SSG configuration was structured with an aim to solve
the issue of heat loss, meanwhile the salt rejection can be achieved
effectively. Materials used in this SSG configuration are commercially
available and chemically stable. The cost-effective SSG system can be
designed without the need of any chemical to avoid all contamination
during the evaporation process. The combination of different parts of the
SSG system was achieved using a thread and needle. The designed
photothermal system is shown in Fig. 1a. Graphite felt (GF), purchased
from Shanghai Hesen Electrical Co., Ltd, was used as solar photothermal
absorber (7.4 cm?). Polystyrene (PS) sheet was used as floating material
to support GF photoabsorber. The system graphite felt fixed on poly-
styrene is abbreviated as GF-PS. The introduction of hydrophilic paper
(HP) between graphite felts fixed on polystyrene forms three-layer GF-
HP-PS sandwich. The addition of water receiver layer (WR) between GF
and HF (yellow layer) forms GF-HP-WR-PS sandwich system. HP and
WR are made of cellulose, and they were obtained from local shops. The
scheme of GF-HF-WR-PS is shown in Fig. 1b. Lab photothermal experi-
ments were carried out in Suntest CPS+ATLAS solar simulator with
maximum intensity of 500 W/m? (0.5 sun). Glass photothermal reactor
is composed of three parts: beaker containing seawater and floatable
photothermal material, water condenser which covers the beaker to
condense the steam into freshwater and freshwater receiver (Fig. 1c).
Seawater samples were collected periodically from the Mediterranean
Sea in the region of Tarragona, Spain. 200 mL of seawater is placed in
the beaker and then the material is placed on top water, then the beaker
is covered and placed inside the solar simulator. During the photo-
thermal experiments, the weight of the water is followed continuously
by a balance to estimate the quantity of evaporated water. The heat
generation over the experiments is followed using an Nf-521 infrared
thermal imager camera. The concentration of cations before and after
desalination was measured by 7800 ICP-MS Agilent instrument. SEM-
EDS was performed on a scanning electron microscope operating with
a Field Emission source (FE-SEM LEO 1525 ZEISS equipped with a
Bruker Quantax EDX). XRD analysis of GF, HP and WR samples was
carried out on X-ray diffraction (XRD) equipment with a Cu Ka radiation
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Fig. 2. (a) SEM image and EDX mapping of graphite felt (GF), (b) SEM image and EDX mapping of cellulosic water receiver layer (WR), (c) SEM image and EDX
mapping of hydrophilic paper (HP). (d) XRD patterns of GF, WR and HP; e) FTIR spectra of GF, WR and HP.

(wavelength A = 1.5418 A), operating at 40 kV and 30 mA. FT-IR spectra multilayer solid structure with high porosity which could improve the

were recorded on Jasco FT/IR-600 Plus instrument equipped with a absorption of light, and reduce its refection into the air [30]. In addition,
Specac Golden Gate™ attenuated total reflectance (ATR) device. this structure would be excellent to store the produced heat and to

reduce the heat emission. Highly porous materials as top surface in SSG
3. Results and discussion are also recommended because of their ability to reject the salt as

compared to less or non-porous surface [16,31]. EDX mapping images
Fig. 2 shows SEM-EDX, XRD and FTIR analysis of graphite felt (GF), show that GF is made mostly of carbon along with oxygen and trace of

cellulosic water receiver layer (WR) and hydrophilic paper (HP). SEM silicon. In other images (not shown here), trace of nanoparticles of Fe
and EDX mapping images of GF are shown in Fig. 2a. SEM image shows incorporated in the carbon fibers was also noticed. SEM and EDX map-
cross-linked carbon fibers of about 5-7 ym. Carbon fibers form ping images of WR are shown in Fig. 2b. This material was obtained
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Fig. 3. (a) Photothermal images during seawater desalination on different systems. (b) Curves showing the increase in temperature on the top surface of GF-HP-PS
and GF-WR-HP-PS systems. (c) Scheme explains the heat loss through mass transfer bridge (insulator) in SSG process.

from a local shop, and it is made of natural cellulose. It can be seen that
WR consists of carbon and oxygen. Natural cellulose sponge can hold
water up to 20 times than its wet state due to its high hydrophilicity and
compressing properties. Fig. 2¢ shows SEM and EDS mapping images of
HP. SEM image shows crossed linked carbon fibers with high density.
The high content of oxygen in HP and WR compared to GF reflects their
cellulosic nature. In general, the high incorporated oxygen content in a
given material results in better wettability [32]. In fact, the presence of

high yield of oxygen leads to more hydrogen bonding and high polarity,
which in turn allow the absorption of water molecules [33]. Based on
EDX images, WR sample exhibits higher oxygen content that HP. For
that reason, WR shows outstanding water absorption and condensation
to supply the top surface to generate steam and dissolve salt, as it will be
discussed in the next sections. XRD patterns of GF, WR and HP are shown
in Fig. 2d. GF shows a strong diffraction peak positioned at around 26.4°
due to (002) plane of graphite crystallite, while a weaker peak at 44°
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Fig. 4. (a) Evaporation rates of GF-HP-PS and GF-HP-WR-PS systems. (b) Concentration of Na(I), Mg(II) and Ca(II) cations before and after solar desalination using

GF-HP-WR-PS.

related to (010) crystal plane [34]. WR curve shows three main
diffraction peaks at 20°, 22.5° and 26°, while HP shows diffraction peaks
at 17.5°, 22.5° and 26°. These three peaks are corresponded to planes of
(110), (110) and (200), respectively [35]. Fig. 2e shows FTIR spectra of
GF, WR and HP. GF does not show peaks which proves the chemical
inertness of bulk graphite [36]. HP and WR spectra show similar bands
that are related to cellulose vibrations [37,38]. Main peak at 1100 cm !
is due to C-O stretching vibrations. Peaks located at 1620 cm™* are due
to adsorbed water molecules. The wide band at around 3400 cm™?
corresponds to hydroxyl groups. It can be seen that both bands related to
water molecules and hydroxyl groups are more intense in the case of WR
sample as compared to HP sample, which confirms the higher oxygen
content and wettability. The use of cellulose based materials to design
this system is due to their excellent characteristics for good mechanical
force, heat insulation, water transport and low cost [38,39]. Due to their
hydrophilicity [40,41], cellulosic fibers are amenable to construct water
bridges thanks to their channel based structure. On top of that, cellulose
materials have excellent heat insulator, which helps to localize the
photothermal produced heat. The thermal conductivity and the thermal
diffusivity of cellulose are 0.039 W/mK and 0.046 x107% m? /s,
respectively [42,43].

SSG process for seawater desalination depends on several factors.
The first factor that needs to be studied is the heat production and
localization. The localized heat is the main responsible for occurring
steam production. Graphite felt, known as an carbon based electrode
[44,45], was used as the photoabsorber material due to its high solar
light absorption and light-to-heat conversion. On top of that, due to the
macro-porosity, the heat emission into the air can be reduced and saved
within the porous. Photothermal materials with highly porosity allow
intense microscopic light reflection inside the porous, which in turn may
multiple the absorption of light and improve the yield of produced heat.
Many reports mentioned that porous materials are more effective for
light absorption and heat localization as compared to flat materials [46,
47]. IR images of GF-HP-PS and GF-HP-WR-PS during photothermal
seawater desalination were taken at different time intervals and the
results are shown in Fig. 3a,b. Similar to graphene, graphite material
exhibits zero band gap, which reflects its high electricity and heat
conductivity due to the freely movement of electrons through it [48,49].
The zero-band gap allows the wide light absorption capacity. Due to its
relatively good specific heat, GF could manage the produced heat within
itself, preventing high emission. A material with high heat capacity is
likely good to store heat for a given time to be used for the evaporation
process, and the reverse is true. Using the graphite filter alone (GF), the
localization of heat on the surface is not possible (data not shown). The
produced heat is immediately released in bottom water. The complete
release of heat from top surface to bottom water does not lead to steam

production especially in large water volumes as the heat will be diluted
closer to bulk water temperature. The use of GF supported on poly-
styrene sheet (GF-PS) shows a relative localization of heat within the
first 10 min, but afterword the heat starts to be released into bulk water
similar to the case of GF (data not shown). In addition, in GF-PS system,
there is no way to supply water from the bottom to the top surface,
which suppresses the evaporation step. In the scenario where hydro-
philic paper is placed between the GF and PS to obtain GF-HP-PS
sandwich, better heat localization was found. Within 5 min, the pro-
duced heat on the top surface reaches 42.7°C, and 58.2 °C after 1 h.
However, there is a relative release of heat to bulk water starting from
30 min. The role of HP is to pump the water from the bottom to the top
surface because of its highly hydrophilic ability. On top of that, HP layer
plays an important role as insulator to boost the localization of heat.
Photothermal images taken on GF-HP-WR-PS system at 0.25 and 0.5 sun
prove the super localization of heat over time. Under 0.25 sun, the heat
production efficiency and speed were better as compared to GF-HF-PS
under 0.5 sun. The produced heat reaches 44 and 64.9°C within 5 and
60 min, respectively under 0.25 sun. Under 0.5 sun, the production of
heat was very intense within just 5 min, which reaches 64°C, raising to
68.2 °C after 1 h. The layer of WR is very important to maximize the heat
insulation. The management of produced heat is extremely important
for effective photothermal steam production process [50]. In ideal sce-
nario, the produced heat is used entirely for the heating of surface water
into steam. However, partial heat loss is inevitable in real systems via
two main process including heat downward convection to bottom water
(Fig. 3,¢), and upward heat emission into the air. In fact, heat downward
convection in bulk water is the fastest way due to the high
thermal-conductivity of water of 0.598 Wm K at 20°C [51]. Besides,
the heat convection is boosted with mass transfer. In other terms, the
movement of salt by diffusion or convection from the top surface to the
bulk water pushes the movement of considerable heat as well. The en-
gineering of ideal SSG system should balance between an excellent salt
convection and delayed or slow heat convection. Most of reported
studies have investigated the design of thermal-insulator-supported
bilayer/trilayer based SSG to limit the downward heat dissipation [52,
53]. However, in these conventional SSG systems, hydrophilic bridges
connect directly the top surface with the bulk water (direct water
pumping and direct salt convection). In GF-HP-WR-PS system, WR layer
plays a crucial role to limit the direct interaction of supplied cold
seawater and the produced heat wave. It collects first the water pupped
by HP wingers, and then it passes to top surface. The connection of heat
is restricted because WR plays the role of insulator to reduce the contact
of heat with HP bridges, wherein a higher speed of cold-water circula-
tion takes places.

The designed photothermal materials were tested to desalinate real
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seawater (Mediterranean Sea, Tarragona, Spain). The results of seawater
desalination using GF-HP-PS and GF-HP-WR-PS systems in terms of
evaporation rate are shown in Fig. 4a. Overall, it can be deduced that the
better the heat is localized, the better the water evaporation rate is ob-
tained. To estimate the performance of photothermal processes to pro-
duce fresh water from seawater, several parameters must be considered.
In general, the specific water productivity (SWP) should be used to show
the amount of fresh water per irradiated surface of the photothermal
system [16,54,55]. Interestingly, GF-HP-WR-PS showed excellent pho-
tothermal activity even under low intensity (0.25 sun), suggesting its
high performance to accumulate the light irradiation and convert it into
heat. As before discussed, the high porosity and crossed lines structure of
GF allow multiplying light reflections, which in turn boosts the heat
production. From the large-scale point of view, the steam production at
low solar intensity is highly recommended as it allows the application of
technology in less sunny conditions. On top of that, it can be mentioned
that WR layer plays an important key to localize the heat. At 0.25 sun,
GF-HP-WR-PS shows better evaporation rate compared to GF-HF-PS at

0.5 sun. The photothermal conversion efficiency was found to be 92.32
and 113.85 % under 0.5 sun for GF-HP-PS and GF-HP-WR-PS, respec-
tively, which confirms the significant improvement in solar-to-heat
conversion performance due to the novel design. After the desalina-
tion of seawater GF-HP-WR-PS, the concentration of Na(I), Mg(II) and
Ca(Il) were dramatically decreased to 54.53, 45.92 and 13.88 ppm,
respectively (Fig. 3b). It is important to mention that these concentra-
tions are lower than the recommended norms by WHO in drinking
water, which are fixed at 200, 150 and 75 ppm for Na(I), Mg(II) and Ca
(ID), respectively [56].

In SSGs, the continuity of the process is a very important factor to
facilitate the scaling up. The photothermal system can be degraded due
to the harsh seawater conditions, biofouling and salt accumulation. One
of the purposes of this investigation is to solve the surface deactivation
by accumulated salt. In general, the transport of salt from the top surface
to the bottom medium is carried out through two mechanisms, namely
mass flow diffusion (Jygusion) and mass flow convection (Jeonvection) Via
microchannels in the photoabsorber and insulator pushed by the os-



R. Djellabi et al.

(a)

T

I
5 y supply to top o l Fast water
irect Heat - : .
surface o circulation
convection Seawater S
Slow salt § l
convection =4
S Cold area

(b)

Water concentrator

Slow Heat jawjer

convection
Fast salt

convection

One step seawater

Step 1: Water
supply to water
reservoir

Journal of Environmental Chemical Engineering 12 (2024) 114253

Hot area

Step 2: Water

& insulatﬁr\ supply to top
g surface

Hot area

Water reservoir

Fast water

circulation

Cold area

Fig. 6. Functionality of (a): GF- HP-PS and (b): GF-HP-WR- PS photothermal system for seawater desalination.

motic driving force and gravity [55,57]. The rate of salt mass (J) transfer
from the top surface to the bottom water is represented by Eq. 1.

kaq(Ceyp — Co)

J= Jdiffusion + qunvecn'on = TIAS( 1

+k5(/)evp_p0)) (1)
Where, n is the number of aligned mass transfer bridges (MTBs) exhib-
iting vertically hydrophilic microchannels to connect the top surface
region with bottom seawater. MTBs are the key factor for the salt
rejection in SSG systems. Therefore, the design of insulator with high
number of MTBs is highly required to boost the transfer of salt through
the convection and diffusion processes. MTBs are characterized by cross-
section area (A), porosity (£), and height (I). ks and k. are the salt
average diffusion and convection coefficients, respectively. Ce,, and Cy
represent the concentration of salt on top surface and bottom seawater,
respectively. p,,, and p, the densities of salt solution on top surface of
evaporator and bottom seawater, respectively.

In fact, the salt convection boosts automatically heat convection
which reduces the localization and water evaporation. In other words,
the convection of heat is more pronounced in saline water as compared
to less or non-saline water. The main bottleneck to design a reliable
photothermal system is the compromise between super salt rejection
and maximum heat localization [58]. This matter remains elusive up to
date as the salt transport during solar evaporation is a complicated
process [25,55]. In typical scenario, water is supplied from the bulk
water to the top surface through MTBs to ensure the evaporation, and
then part of this water should come back to bottom water, carrying with
it the salt by convection in circulation mode. The total evaporation of
pumped water leads to dry immediately the surface and salt crystals will
appear within a certain time. These crystallization cycles end by the
formation of salt layer on the surface of evaporator. As reported by Eq. 1,
the number of aligned mass transfer bridges (MTBs) can govern the
supply of seawater from bottom to the top surface and the salt convec-
tion by adjusting the number of vertical hydrophilic microchannels.
However, as mentioned above, the salt convection and heat convection
occur simultaneously. Therefore, the introduction of high number of
vertical hydrophilic microchannels to reject the salt might simulta-
neously lead to significant heat loss by convection. A trade-off between

these factors is usually obtained for a continuous process. For this pur-
pose, the amount of confined water, which is defined as the water in
touch with the photothermal area, should be optimized to get a tradeoff
between heat localization and boosts mass diffusion. To estimate the
role of confined water towards the salt rejection governed by WR layer,
recycling tests of GF-HF-PS and GF-HF-WR-PS systems were carried for
six times in row without cleaning the surface between each experiment
and the results are shown in Fig. 5. In terms of GF-HP-PS, the efficiency
decreases slightly along with the appearance of salt crystals especially in
the middle of the evaporator. It can be deduced that there is less
confined water in the middle of evaporator to dissolve the salt contin-
uously and properly. It is believed that the heat production and locali-
zation would be maximized in the middle of the evaporator, which leads
to fast evaporation and a dried surface. In the case of GF-HF-WR-PS,
neither decrease in the efficient nor salt formation was observed. WR
layer keeps the bottom of the GF surface wet, which in turn boosts the
immediate dissolution of salt, keeping the surface clean and active.
The plausible mechanisms of photothermal seawater desalination on
GF-HP-PS and GF-HP-WR-PS systems were schematized in Fig. 6.
Starting by water supply, in the case of GF-HP-PS, the water moves from
bottom bulk seawater directly to surface through HP wingers. The non-
porous PS floating support does not allow the passage of seawater from
the bottom. The supply of water through hydrophilic wingers is a great
option to avoid the dissipation of heat. Based on the results of photo-
thermal heat production, HP wingers can contribute to the loss of heat,
which is inevitable. HP bridges directly cold area and hot area which
certainly pushes the heat convection, and in addition, the cold supplied
water could cool down the hot confined water. The accumulation of salt
on the surface of GF-HP-PS evaporator was not observed quickly; how-
ever, after several recycling runs, the salt appears clearly. The convec-
tion of salt in GF-HP-PS is a slow process, which is due to the low
confined water, allowing the drying of surface and salt formation. In GF-
HP-WR-PS system, the supply of seawater passes through two steps: the
first one relies on the movement of water through HP from bulk water to
hydrophilic water reservoir (WR) which will be accumulated as confined
water, and the second step is the movement of water from WR layer to
top surface. This design limits the direct contact of hot area (top surface)
with bulk cold seawater through HP bridge, which in turn prevents the
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release of heat as discussed in the case of GF-HF-PS. Cellulose WR layer
meanwhile serves as a heat insulator, reinforcing the localization of heat
on the top surface. Regarding the salt rejection, the mechanism is carried
out by continuous dissolving of salt and its fast convection due to the
high yield of confined water collected in WR layer. Because of the high
water holding capacity of cellulose WR layer, the top surface of GF
photothermal absorber never reaches a dried state. As soon the water on
the top surface is evaporated, a new water wave reaches the surface,
keeping a continuous wettability of the top surface and good water
circulation between the GF top surface and WR layer. In such an envi-
ronment, the salt can be rejected from the top surface through two
mechanisms, involving the flow diffusion and mass flow convection. The
vertical displacement of salt driving by gravity is more pronounced in
pores and wet surface. The confined water carries the salt through pores
and channels of WR layer and HP. On top of that, salt convection caused
by natural osmotic process is a very dominant phenomenon.

4. Conclusions

This study reports the design of a new SSG configuration to overcome
two of the main issues of this technology, including the heat loss and
surface salt deactivation. We demonstrate that the incorporation of new
water holding layer between the photothermal top surface and hydro-
philic bridges limits the convection of salt and boosts the diffusion and
convection of salt. The comparison between the conventional GF-HP-PS
sandwich configuration and novel GF-HP-WR-PS configuration has led
to prove that the incorporation of water holding layer was behind the
insulation of produced heat and the dissolution of salt in continuous
way. In terms of conventional GF-HP-PS, the localization of heat was not
a steady process, wherein clear heat dissipation was observed within
1 h. The photothermal conversion efficiency was found to be 92 and
114 % under 0.5 sun for GF-HP-PS and GF-HP-WR-PS, respectively. The
performance of heat production and seawater desalination was much
better using GF-HP-WR-PS at lower solar intensity (0.25 sun). Overall,
the novel suggested configuration using low-cost cellulosic and carbon
materials could help to design SSG systems for continuous and effective
seawater desalination.
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