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S1-Experimental detail

Chemicals:

The materials used in this study are listed in Table S1.

Table S1. Chemical characterization

Chemicals Features Manufacturer
Carbon nanotube, multi- thin, extent of labeling: >8% Sigma-Aldrich, Inc.
walled, carboxylic acid carboxylic acid
functionalized(FCNT) functionalized, avg. diam. x L
9.5 nm x 1.5 um
Sodium Alginate (SA) ACS reagent, 299%, 90%, Shanghai Macklin
M/G=2:1 Biochemical CO., Ltd.
LiCl ACS reagent, 299%, Aladdin
CaCl, ACS reagent, 297%, Aladdin
Deionized water (DI) - Shanghai Macklin
Biochemical CO., Ltd.

Composite preparation:

First, we suspended 5% wt. FCNT in water (mixed on a shaker for a long time and
followed by 20 minutes ultrasonic). We then slowly added Sodium alginate to this
suspension on a magnetic stirrer at 80 °C. We need a long time mixing to completely
solve sodium alginate. Once alginate is completely dissolved in water, the following
procedure was done for each of the composites:

e To make calcium alginates(C/FCNT): We dropped the as-prepared
suspension into a saturated solution of calcium chloride. The process of

gelation is very fast and sensible. After 30 hours of immersion, we filtered



the particles of calcium alginate, and washed the particles with ethanol
several times and dried them for 20 hours in 120°C. In this process, calcium
is expected to replace sodium in G-blocks of alginate chains.

e To make lithium alginate (L/FCNT): We dropped the as-prepared suspension
into a lithium chloride saturated solution. The gelation process was very
slow. After 30 hours, we filtered the particles of Lithium alginate with
vacuum and washed the particles with ethanol several times. Due to its
solubility issue, water or low purity ethanol cannot be used to wash this
substance. After the washing process, we dried those for 20 hours at 120°C.
In this process, lithium is expected to replace sodium in alginate chains.

e To make binary alginate (Bina/ FCNT): we dropped the as-prepared
suspension into a saturated calcium chloride solution. After 10 hours, the
particles of calcium alginate were filtered and the resulting particles were
soaked in lithium chloride saturated solution. Although lithium is not able to
be replaced with calcium, the lithium chloride solution was used at a very
small amount to prevent the diffusion of stored chloride calcium in the beads
due to the concentration gradient of particles and external solutions. After
20 hours, beads were separated and washed several times with ethanol and

dried for 20 hours at 120°C. In this process, calcium is expected to replace



Sodium from the G-blocks, and then sodium is replaced by lithium in the M-

blocks.

Composites with layer structure

To test the surface temperature under sunlight, determination of thermal
diffusivity and UV—-vis—NIR test, we needed to have these materials in layer forms.
To do this, instead of dropping the suspension in the corresponding salt, the
solution is first injected into an as-fabricated cast and then placed in the solution
of salt. We used two 5 cm-in-5-cm glass slides to build the cast. We kept a certain
distance between the glasses with a spacer (5 mm) and then wrapped it with
multilayer paraffin. This wrapping process should not be so weak that the
suspension discharged from the casts, and not so strong to hinder the penetration

of salt inside.

S2- Mechanism of sorption

In most of studies Lithium and calcium salts were used as a component of sorbent
[1-3]. Here, the replacement of sodium with these two salts aims to improve the
structure shape and sorption properties. The proposed materials shows type Il

adsorption isotherm. This type of isotherm does not display any saturation point



and in physical adsorption describes the adsorption of gas molecules to the macro-
porous and a multi-layer of adsorbed molecules is formed after the coverage of
the adsorbent surface with mono-layer water vapor adsorbed molecules. But here
chemical sorption occurs. Calcium Alginate is not soluble in water while lithium
Alginate is soluble in water. Both of these substances are moisture adsorbent. The
presence of unreacted salts in the composite body can be confirmed by FTIR
examination. The presence of these hydrophilic salts can increase the adsorption
capacity of these substances. The salts accumulated in this composite convert to
hydrated salts and Lithium alginate slowly begins to dissolve in the presence of
moisture. Eventually it becomes liquid over time. However, calcium alginate does
not dissolve in absorbed moisture and remains solid. The adsorption capacity of
calcium chloride is lower than that of the lithium chloride, but the disadvantage of
dissolving lithium alginate limits its use. In the Bina composite, the calcium ion
holds the polymer chains together from the G-block sites and strengthens the
structure of the adsorbent, whereas LiCl and CaCl, salt particles participate in
adsorption function. The advantage of Bina is using both M and G blocks in the
sorption. A combination of four mechanisms, adsorption by the stored salts,
chemical reaction between vaporand two salts, enormous hydrogen bond

formation between polymeric onion and water, and finally absorption by the



formed salt aqueous solution, governsthe water sorption behavior of the

desiccant composites. Figure S1 shows the mechanism of sorption in salt crystals

and alginate chain.
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Figure S1. The mechanism of sorption in salt crystals and alginate chain: Possible

hydrogen bonding occurred between water and alginate (surrounding) [4], and Salt

crystals sorption mechanism (middle)



S3- FTIR analysis

FT-IR spectroscopy was performed to investigate the physicochemical interactions
between the salts, alginate, and FCNT (The used instrument: IR / Nicolet 6700,
Thermo Fisher, USA). For this purpose, at first, the chemical bonds of the sodium
alginate and FCNT were analyzed to better determine the bond changes after the
mixture of the precursors. Figure S2 represents the FT-IR results of the raw

materials.
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Figure S2. FT-IR spectra of (a) FCNT and (b) sodium alginate



The FT-IR characteristic peaks of each component are reported in Table S2.

Table S2. The characteristic peaks of the used raw materials obtained from FT-IR analysis

Component | Wavenumber (cm?) Related vibration bond Transmittance | Ref.
(%)
FCNT 597.8 Aromatic rings 93.9 [5]
1035.6 u(C-0-C)/ 92.6 [6]
u(C-0)
1423.2 Sym. u(COOH") 94.0 (6, 7]
1635.3 6(0-H)/ 92.3 [5, 7-9]

Asym. u(COOH")/ u(C-C/C=C)

2917.5 Sym. u(C-H) 96.4 [10]

2973.7 Asym. u(C-H) 94.8 [10]

34249 u(0-H) 85.8 [11]
SA 605.5 Aromatic rings 90.1 [5]

1054.8 u(C-0-C)/ 91.9 [6]

u(C-0)
1423.2 Sym. u(COOH") 94.6 [12]
1635.3 6(0-H)/ 86.3 [5, 7-9]

Asym. u(COOH")/ u(C-C/C=C)

2852.2 Sym. u(C-H) 94.9 [10]
2975 Asym. u(C-H) 95.0 [10]
3415.3 u(O-H) 65.1 [11]

u: stretching vibration

6: bending vibration



As can be seen in Figure S2 (a) and Table S2, the presence of symmetric and
asymmetric COOH bonds at 1432.2 cm™and 1635.3 cm?, respectively, in the FCNT
spectrum confirms that the surface of the nanotubes was successfully modified by
the carboxylic groups. In addition, the appearance of a broad and intense peak at
3415.3 cm?, provides evidence of the presence of an alginic component with a high
amount of hydroxyl groups in its structure. The FT-IR spectra of Lithium alginate

(LA) and calcium alginate (CA) are shown in Figure S3.
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Figure S3. FT-IR spectra of sodium alginate, calcium alginate (CA) and lithium alginate (LA)
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Figure S4. FT-IR spectra of (a) LiCl and (b) CaCl, salts

As is shown in Figure S3, in addition to alginate peaks related to —OH, COOH, C-O-
C, and C-O bonds (Figure S2 (b)), two new peaks appeared at about 550 cm™ and
2120 cm? attributed to the non-reacted chloride salts which remained in the
system (see Figure S4) even after ethanol washing of the products. These remaining
salts also affect the peak located at 1635 cm™ and increase the intensity of it. The
presence of these salts was seen in EDS and elemental mapping results too.
Generally, by ignoring the effects of the remaining salts on the FT-IR results, the
replacement of sodium ions with Li* and Ca?* in the alginate structure should not

change the spectrum of sodium alginate significantly due to lack of introducing any



new chemical bonds in the system. However, the ion exchange process can show
itself in the position of carboxylic ion bonds. In fact, due to differences in
electronegativity of the Na*, Li*, and Ca?*, the attraction force between carboxylic
anion and the used cations is different. The asymmetric stretching vibration of
COOH anion bond located at about 1635 cm™ cannot show the position shift due to
overlapping with some other bonds vibration such as bending vibration of hydroxyl
bonds and stretching vibration of benzene rings. The symmetric vibration of COOH-

bond at about 1320-1520 cm™ of different alginates are shown in Figure S5.

100

98 1384
—~ %7 |
X
c J
8 I 1) 1367
£ 92- -
S
g g [
E ] l |
88-_SA | |
{1— 1A b
86 - CA [
1

1) v 1) v 1) v 1) v 1) v 1) v i v .' v 1) v
1518 1496 1474 1452 1430 1408 1386 1364 1342 1320

Wavenumber (cm™)

Figure S5. The symmetric stretching vibration of COOH- bond in FT-IR spectra of the studied

alginates



From Figure S5, a peak and a shoulder can be seen at 1420-1440 cm™ and 1340-
1380 cm™* which may be attributed to the non-extended carboxylic bonds and the
extended COOH- bonds (due to electrostatically interaction with a cation),
respectively. It is important to note that an extended bond needs lower energy to
vibrate than a non-extended bond and so, the position of the extended bond is in
lower wavenumbers compared to a bond without extension. Therefore, the
redshift in the peak position of extended COOH" bond from 1384 cm™ to 1367.8 cm-
Land 1376 cm™ for lithium alginate and calcium alginate, respectively, can provide
evidence of successful ion-exchange after mixing the sodium alginate with LiCl and
CaCl, salts.

After producing the lithium alginate and calcium alginate by the ion exchange
process, the effect of adding the 5% wt. FCNT nanoparticles into the products were

investigated and the related FT-IR results are represented in Figure S6.
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Figure S6. The FT-IR spectra of FCNT, lithium alginate-5% wt. FCNT (L5), and calcium alginate-
5% wt. FCNT (C5)

According to Figure S6, the higher intensity of the stretching and bending vibration
of hydroxyl peaks located at about 3440 cm™ and 1635 cm, respectively,
compared to the peaks in the pure FCNT spectrum, indicating the presence of
alginate components in the system. Despite the hydrogen-oxygen bonds, the
intensity of carbon-oxygen bonds (such as O=C-OH, C-OH, C-O-C, and C-0O) located

at about 1000-1500 cm™ were decreased compared to the related peaks in the pure



FCNT spectrum, indicating that the later bonds may participate in the chemical
bonding between the alginates and FCNT nanoparticles. A schematic of this

chemical bonding was presented by Binata Joddar [13].

Figure S7 shows the effect of binary ion exchange (Ca?* and Li*) on the FT-IR results
of alginate components.

The more redshift of the extended COOH- peak position (from 1384 cm™ to 1357
cm) in the binary cation exchange sample than the other components indicated
that both lithium and calcium cations can cause more extension in the carboxylic
anion bonds (see Figure S7 (a)). Furthermore, the decrement in the intensity of the
non-extended carboxylic groups at about 1420-1440 cm in the absence (Figure S7
(a)) and the presence (Figure S7(b)) of FCNT nanoparticles might be resulted that
the amount of non-reacted anions in the alginate structures decreased after

interaction between the components with both Li/Ca cations.
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S4- SEM and EDS

The composites’ morphology was characterized using Scanning Electron

Microscopy (SEM) micrograph, and the EDS analysis was applied to detect-measure

elements in or on the surface of the samples.

The samples were placed on a brass hold and a thin coat of gold under vacuum
was deposited on them, C/FCNT morphology and the surface structure were
examined with TESCAN-MAIA/ WITEC/MAIA3 GMU model 2016 (see Table S3). The

viewed structure was slightly similar to Li et al observation[14] but the fiber-like part

of the matrix was not observed in our experiments.

Table S3. SEM and EDS analysis for C/FCNT

SEM

SEM HV: 15.0 kV.
SEM MAG: 10.0kx  View field: 27.7 pm | 5 pm
Date(m/dly): 06/18/19

FCNT




As far as this instrument cannot detect Li element, *GAIA3 GMU Model
2016/*GAIA3 was used for L/FCNT and Bina/FCNT. TOF-SIMS provides
detailed elemental information about the surface and thin layers. Table S4 depicts
the L/FCNT analysis. In SEM photos several micro-pores can be seen. Furthermore,
despite C/FCNT, the surface is covered by small cracks. The top view and depth map

confirm the presence of Li in the sample almost uniformly.

Table S4. SEM and TOF-SIMS analysis of L/FCNT

SEM Top view of Li map Li map in-depth

v

SEM HV: 16.0 KV wo:sgsmm |, | MAIA3 TESCAN|
SEM MAG: 10.0 ke View fleld: 27.7 pm & pm
Det: SE Date(midly): 06/18118 IAC of SUTU

Table S5 demonstrates the morphology of Bina/FCNT, as it can be seen, the
surface has some cracks like L/FCNT. The TOF-SIMS analysis result shows the
presence of Li and Ca in the superficial layer and also in the thin layer of this
material. The quantity of these two elements is almost in a constant levels in-

depth direction.
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S5- Thermal distribution on the surface

The temperature of surface of the material under one sun radiation (created by a
solar simulator EOSUN (Xee1l50 Xenon Lamp Power Supply) ) is investigated by a

Thermal Imaging Camera (FLIR T620 HD) shown in Figure S8.

Figure S8. The surface temperature of C/FCNT (top), L/FCNT (middle) and Bina/FCNT(bottom) under one sun irradiation.



S6-Energy balance in the materials beads

The heat loss analysis from the sorbent to open environment are shown vide infra.

In this case the net energy absorbed from the sun must equal the long-wavelength
radiation exchange with the surroundings, convection transfers to the surroundings,

heat for evaporation and finally conduction (Q.,,q)to the lower layers or[15]

q A
(K)Sunasun = Qow tempO_(T;Lurface - T§O) + h(Tsurface - Too) + mhevap + Qcond (1)

where agyn, Qiow temps 9> Tsurface » Teor Ny Rgun, 1 and hey,pare the absorptivity for
solar radiation, the absorptivity for low-temperature radiation , Stefan-Boltzmann
constant, the surface temperature, the surroundings temperature, the convection
heat transfer coefficient, the evaporation mass flux and Enthalpy of vaporization,

respectively. The absorptivity test shows that ag,, and agy temp for this black
material can be considered equal 97%. Tfce and T, are the almost 70°C

(experiments under one sun raddiation) and 25°C, respectively. Also, h can be
considered 5 W/m? /K [16].

1000 X 0.97 = 0.97 X 5.669 x 1078(343* —298%) + 5 x (343 — 298) + Mheyap + ! (2
)

fiheyap + Qeond = 417.5 W/mm? (3

)



The total energy loss from system are: reflection energy loss (3%) and heat loss by

convection (22.5%) and radiation (32.7%). The total energy remaining for water
evaporation and conduction on the surface is calculated to be 41.8%.
If we consider the energy balance boundaries around the material, conduction is
not a loss from system. However, The low thermal conductivity causes to high
thermal gradient on the surface. So the evaporation rate on the surface increases
and consequently, the water concentration on the surface decreases. This leads to
higher mass transfer from the core to the surface by diffusion.

Figure S9 shows the energy and mass balance in a material bead.
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S7- The optimized bed configuration and cycle time

Delinquency is better to be avoided but Bina is strongly hygroscope and the
delinquency time needs to be determined. Thus, some experiments were
carried out to see the delinquency phenomenon. Two plates of material were
used, one containing mono layer scattered beads, and the other one containing
multi layers of material beads. The plates were placed in different relative
humidity and were observed to see when the leakage happens. The leakage
time and their weight were recorded. In 20% of RH, no leakage was observed,
so to depict the time in Figure S10, the inverse value of leakage time were used.
The area of each circle represents the weight of material when the leakage
starts (These numbers are written on the circles). As can be seen, the mono
layer structure can adsorb more vapor and the leakage happens much faster in
them. It can be related to this fact that in multi layers, the lower layers are not
exposed to air directly and the upper layer’s adsorbed water pass trough the
beads and is collected on the lower layer and they can not contribute in
adsorption. These experiments show that this sorbent is better to be used in
one layer in the structure like a thin coating on a surface. To avoid the leakage
we can also design cycles in very short humidification time ( 46, 32 and 19 min

for 40%, 60% and 80%, respectively), followed by the desorption process.
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Figure S10. The inverse of Leakage time (y- axis) and delinquency weigh ( the circles area) in

different configuration of bed.

The real system design could be considered in two ways to avoid delinquency: 1. Using the kinetic
data of delinquency to design its cycle time, thus one day with sun radiation could yield many
cycles for adsorption and desorption, 5~10 repeated cycles could be possible according to the
measured data, thus the AWH system could be very efficient as the uptake of water could be
thereby increased significantly. 2. Using a porous matrix like activated carbon fiber to support
Bina/FCNT, any possible delinquency liquid could be sustained in the sorbent complex. However

the operation cycle time is still needed to be optimized to keep Bina/FCNT for long term stable.



S8-Literature review

Table S6 summarized the adsorbents which are studied in recent years for AWH applications.
Although in area with high humidity, where vapor compression system is more efficient, in
RH<60%, it is not practical. Some MOFs are good especially at low RH, such as CoCl, (BTDD, now
this Bina/FCNT is much better than MOF even at low RH, for example at RH=20% Bina/FCNT can

adsorb 1.4 g/g while at RH=30%, CoCl, (BTDD) adsorb almost 0.9 g/g.



Table S6. Summarized of several promising materials that can be applied in water harvesting beds

Water sorption | RH T( | RHgep references
capacity (%) | °C)
CuO-50-PFDT-PS-130 0.159 | g/cm?/h | fog - Wang [17]
< | super hydrophilic copper mesh 1.3 | g/cm?/h | fog - Zhu [18]
-% PDMS@Fe;0, fabric with 75% | 0.98 | g/cm?/h | fog - Li [19]
2 | Fe304
8 | carbon fiber cloth grafted with | 0.206 | g/cm?/h | fog - Chou[20]
é" poly(n-isoprppylaccrylamid)
Fe and Co coated on a commercial | 520 | g/m?/h | 70% | 19 - Wang [21]
fabric
CoCl, (BTDD) 0.9 g/g 70 25 28 Rieth [22]
CoCl, (BTDD) 0.19 g/g 20 25 28 Rieth [22]
Cr-soc-MOF-1 2 g/g 70 25 60~80 Abtab [23]
Active Carbon Felt- Silica Sol-LiCl 1.4 g/g 70 25 - Wang [24]
Active Carbon Felt- Silica Sol-LiCl 0.5 g/g 20 25 - Wang [24]
Alginate based-CaCl, 1.7 g/g 62 28 - Kallenberger
[25]
Alginate based —CaCl, 1 g/g 26 28 - Kallenberger
[25]
- | Polyacrylamide —CNT-CaCl, 1.1 g/g 60 25 - Li [26]
E Polyacrylamide —CNT-CaCl, 0.7 g/g 35 25 - Li [26]
< | alginate - CaCl, 0.88 g/g 30 23 - Kallenberger
a [27]
'2 MIL-101(Cr)-CaCl, 62% 0.75 g/e 30 30 N/A Permyakova
3 [28]
g MOF-801 0.57 g/g 30 | 25 0.27 | Furukawa [29]
9 | MOF-841 0.55 g/g 30 25 0.4 Furukawa [29]
CaCl,@UiO-66-38 1 g/g 70 | RT* - Garzon-Tovar
[30]
MgCl, particles incorporated into | 0.93 g/g 30 23 5% & Kallenberger
an alginate-derived 20% [27]
PINIPAAM-Ppy-Cl 6.2 g/g 90 RT 40~80 Zhao [31]
PINIPAAmM-Ppy-Cl 3.1 g/g 60 RT 40~80 Zhao [31]
PINIPAAM-Ppy-Cl 0.9 g/g 30 RT 40~80 Zhao [31]
Bina/FCNT 1.4 g/g 20 25 - This study
Bina FCNT 5.6 g/e 70 25 - This study

*: RT: Room temperature
**:RHsep:The relative humidity that one sudden step happens. High adsorption capacity in low
RH, makes adsorption more reasonable at low RHs, compared to the electrical cooling.
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S9- The prototype design

The detail of the design and optical photo of the prototype, while running, is
presented here (Figure S11). In the condensation process, after the formation of
drops, the distilled water slips on the glass cover by gravity, and pours into the side
channel embedded in the device. The 35-degree slope of the glass cover prevents
the drop from being heavy enough to break directly into the adsorbent chamber.

The side channel also has a slight slope that drives water droplets

Conyection

Figure S11. The schematic of device with details (a,b) and the operation concept (c) and optical picture of the prototype (d).



S10- The performance under natural sunlight

In this study, to assess different desorption temperature, we used thermo-bath.
Since the experiment with water bath does not rigorously demonstrate the novelty
of combining both the light absorption and water adsorption together in a single
device, on 11t of November 2019, a set of experiment was done on the roof of
laboratory, located in Shanghai Jiao Tong University. To do this experiment, the
bottom of device was isolated to avoid heat loss through it. The bed contains
several layers of sorbent grains (5.771 g), which was placed in chamber for 6 hours
in RH=30% and T=20°C. It could sorb 8.948 g water, and the sample was placed on
the roof at 9 am and the photos were taken during desorption process (Figure S12
a,b). The temperature of glass and the bed was recorded and depicted in Figure
S11c. Figure S12d shows the Solar radiation intensity and the ambient temperature.
The maximum recorded temperature of bed was 66°C and the maximum solar
radiation intensity was 660 W/m?. The maximum temperature of glass was 39°C
which is higher than the measured corresponding value in the tests with water
bath. The reason can be contributed to the light sorption of glass and the
condensed droplets. Since the solar radiation was not strong enough, the

experiment sopped ay 2:30 and the yield was almost 3.376 ml water . (We kept



recording the temperature of bed and glass of prototype and reported them in

Figure S12c).
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Figure S12. The performance of prototype under natural sunlight. a,b. The optical pictures of
prototype. c. The glass and the bed temperature profile and d. The solar radiation intensity and

ambient temperature.



S11- Prototype Energy consumption

The heat energy entered into the system is divided into two parts. The first
part is about providing desorption heat to the adsorbent particles. The total
desorption heat dissipated in the prototype is calculated from formula (4)
Edes = Madsorbate * Nes (4)

Where, E4. is the total desorption heat, m,gsorbate 1S Mass of desorbed
adsorbate and hy, is desorption heat per unit of mass. The desorption heat
is obtained based on TGA data of 2768 J/g.

Part of the heat energy transferred into the system is transmitted to the glass
coating by convection. To calculate the heat transfer coefficient between the
substrate and the glass, we used the Zheng et al. method presented for Solar

Stills [32].
ke
he= O-Z(Rac)0'26a

d? (6)
R, = prAT’
o

(Pw - Pg)Tw (7)
MaPy
Ma — Mw

AT = (T, —Tg) +
— Pw



Where h. is free convective heat transfer coefficient, R, is Modified Rayleigh
number, k¢s thermal conductivity of humid air, d is average vertical distance
between bed and glass, p is density of humid air, g is gravity constant, 8 is
Expansion factor, u is dynamic viscosity of humid air, a is thermal diffusivity
of humid air, P,, is saturation vapor pressure of water vapor at evaporation
surface, P, is saturation vapor pressure of water vapor at condensation
surface, P,is total pressure, M, is molecular weight of dry air and molecular
weight of water vapor. Hence, the total energy transferred via convection is:
Ec = teyaeh Ap(Tw — Ty) (8)

Where, Ay, is adsorbent bed area and tyje is desorption time.

The glass temperature for each desorption temperature was slightly
different. For desorption temperatures 60, 70 and 80 °C, the average glass
temperature was 33, 34 and 35 °C, respectively. Figure S13 shows the energy
consumption of the system tor various desorption temperature, which
illustrates that the 70 °C is the best desorption temperature in terms of

energy consumption.
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Figure S13. Energy consumption in the prototype for different desorption temperature.

S12- Effect of desorption cycle length on the collected water amount

In this study we considered one cycle per day and for desorption period we
fixed at 7 hours. It might be higher water collection rate at the beginning of
process in the case of 80 °C but the whole amount of water in 7 hours was not
so different. We observed that continuing heating in 60 °C can still evaporate
the water in the bed at very slow rate but it must be considered that longer
period leads to the lower water production per energy consumption. We
repeated the test for 70 °C and 80 °C desorption time in 1, 2,5, and 7 hours and

the results are presented in Table S7. As can be seen, the amount of collected



water in 80 °C is more in shorter desorption time but as the desorption time

prolongs the difference for collected water in 70 °C and 80  gets less.

Table S7. The test of different desorption time in two different desorption temperature in a bed

containing 5 g Bina/FCNT which is left in the room overnight.

Desorption temperature lhr | 2hr [ 5hr | 7hr
20°C Adsorbed water (g) | 8.091 | 7.808 | 8.293 | 8.382
Collected water (ml) 0 1.1 3.8 4.7
Adsorbed water (g) | 7.703 | 8.261 | 8.05 | 7.519
80°C

Collected water (ml) | 2.2 3.7 4.5 4.8

S13-Thermal stability

The thermal degradation behavior of the saturated hydrogel was investigated using
the TGA method with a temperature rate increase of 5K/min. Thermal stability
improves with cyclic organic structure (aromatic cycles) in the polymer and cross-
linking process [33]. However, the existence of double bonds or oxygen in the
structure of polymers makes them more sensitive to high temperatures. The

thermal decomposition of samples is a two-step process (Figure S14). The first step



occurs at a temperature higher than 50°C and is related to water evaporation. The

second degradation step starts at about 150°C.
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Figure S14. Thermal stability of Bina/FCNT, C/FCNT and L/FCNT in a baseline with temperature

rise rate.

S14- The composites’ durability

One of concerns in adsorbents is the delinquency phenomenon. Freeze-drying
method or vacuum drying could help to keep the porosity of gel after water
evaporation, but still the amount of adsorbed water is higher than sorbents
volume. To see the durability in cycles, since the material is amorphous, XRD can

not be so informative. One criterion can be the salt content before and after several



cycles. To test the salt content in the sorbent, the sorbent beads before and after
20 cycles was subjected to ICP-OES (inductively coupled plasma optical emission
spectrometry) to investigate the salt content. The concentration of ions in them is
measured and the amount of salt in the composite is calculated. The salt content
before the tests was 86%, while after the cycles it did not alter (~ 85% salt content).
As can be seen in Figure S15, the beads kept their shape during 20 sorption process
and the ion concentration in the sorbents (picked from the top layer) is almost

constant.

Figure S15. optical image of multi layer samples : a. immersed in adsorbed water ( one night at ambient condition), b. 5

cycles, c. ten cycles. and d. 20 cycles.
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