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ABSTRACT

With the advancement of modern technology, the world is facing the issues of
water pollution and scarcity of water resources. Solar steam generation and desalination
have attracted much attention due to their intrinsic advantages. In the purification
process, salts and impurities are separated from the steam, which is condensed into pure
water and collected. Moreover, no pollutants are produced during the water purification
process. Desalination membranes are also repeatable, providing an environmentally
friendly water purification method. In this research, we successfully fabricated titanium
trioxide coated with poly(hydroxymethyl EDOT) (Ti.O:@PEDOT-OH) nanocomposites
as a photothermal conversion material, and well synthesized in-situ metal-organic
framework (MOF), CAU-10-H based membranes. TioOs@PEDOT-OH coating 13 pum
CAU-10-H self-floating on the water achieves the highest water evaporation rate of 2.17
kgm2h with an efficient thermal insulating ability and an evaporation efficiency of
98%. Also, the ion concentrations of collected water tremendously decrease and are
much lower than drinkable water standards by WHO. The results have shown that
Ti20s@PEDOT-OH nanocomposites on CAU-10-H films possess excellent potential in
the fields of sustainable energy such as solar steam generation and seawater

desalination.

KEYWORDS: Conducting polymer, PEDOT, metal-organic framework, solar steam

generation, solar desalination.
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Chapter 1  Introduction

With the rising human population and the development of industry, the world is
facing a scarcity of clean water resources. In order to alleviate water shortage, multiple
water treatments, such as seawater desalination and contaminated water purification,
captivate global attention to increasing the production of drinkable water. Among all
strategies, solar steam generation and solar desalination have attracted exceeding
interest from researchers as eco-friendly and sustainable approaches. Different from
traditional water purification methods, the energy consumption of the purification
process is directly and entirely from solar irradiation. In the desalination process, water
evaporates with the heat converted from solar energy. Salts and impurities are separated
from the steam, which would be condensed into pure water and collected (Figure 1-1
21 Additionally, no pollutants are produced during the water purification process, and
desalination membranes can be repeatably used, thus, providing a green water

purification method.
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1.1 Desalination Materials

Desalination membranes must hold two main properties: high photothermal
capacity and sustainably microporous structure. Solar desalination< relies on a
photothermal membrane to convert solar energy into heat and provide a localized heated
region to make water evaporate.®] A thermal insulator is usually beneath the
desalination membrane in a device to concentrate heat by preventing heat conduction
and convection through water molecules to bulk water (Figure 1-2).[*° Heat loss also
can be diminished with the structure design controlling the pore size of the membranes
from nano- to micro-scales.l®® Furthermore, consistent pore sizes and sustainable pores
are crucial for water permeation. Because water molecules transport upward by a

capillary force, the smaller pore sizes can benefit transportation and evaporation rates.

(a)

Radiation
Solar absorber

e}

& Contactless r
l Conduction ‘ Conduction Conduction

Convection Convection Convection

Bulk water

T
N

Figure 1-2. (a)The illustration scheme of non-insulator, contact insulator, and
contactless insular in solar steam generation devices.®! (b)The scheme of an actual
device with an expanded polyethylene (EPE) foam as a thermal insular and the aerogel

as a desalination membrane.['%
3
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Desalination membranes are often fabricated with hydrogels and aerogels.
Hydrogels are 3D polymeric networks with cross-linking. Hydrophilic groups make the
high hydrophilicity and high water contents of hydrogels. With a significant amount of
water in gels, they can provide an efficient water supply for surface evaporation. The
water absorption capacity not only depends on the polar groups of polymer networks
but also on the cross-linking density, which further affects the mechanical properties of
hydrogels.*™ Moreover, some water molecules form hydrogen bonds with side groups
of polymer chains, and thus, present different states of water: bonded water, free water,
and intermediate water.'?l The amounts of intermediate water, without intermolecular
force, can be tuned with the density of hydrophilic groups to reduce the evaporation
enthalpy, and further elevate the evaporation rates.***81 However, some problems of
hydrogels for solar desalination have not been solved. First, considerable water amount
in hydrogels causes heat conduction through water molecules. By reducing the pore
sizes with a higher crosslinking density, it is hard to keep the swelling ratio and the
density of photothermal composites unchanged.[®! Furthermore, solar absorbers are
mostly embedded in hydrogels. The inefficiency of trapping heterogeneous composites
eliminates light absorption®. Even applying organic absorbers and conducting
polymers with physical entanglement or hydrogen bonds to the networks, limited
amounts of absorbers lead to low solar absorption. Some of these problems can be
solved by aerogels. Aerogels are porous foams with low mass density, including various
materials, such as silica, polymer, metal, and carbon. Unlike hydrogels, aerogels lack
swelling properties. The hydrophilicity and surface area are tunable through synthesis.
Moreover, inorganic absorbers and conducting polymers can be synthesized with
chemical bonds to matrix networks. With a more significant amount and higher surface

area of light absorbers, the reflection of incident light can be eliminated, and the light
4
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absorption can be elevated.[® 2021 |n aerogel fabrication, freeze-drying-is a common
method to achieve a porous structure.[*618 20271 gSplar-absorbing composites and
crosslinkers are uniformly suspended before freezing and will be well distributed and
bonded after annealing.l*> 2! Additionally, freeze-casting is a practical way to acquire
vertical channels for water permeation.l?> 2! Despite the improvements of chemically
bonded absorbers, aerogels are still facing some issues. Most aerogels have pores larger
than submicron scales and large distribution of pore sizes mainly because of the
freeze-drying process. Consequently, water permeation is abbreviated, and the heat loss
through massive water molecules by conduction, even though aerogels possess low
thermal conductivity. Besides, both hydrogels and aerogels cannot directly float on
water due to the high water contents in a matrix. It limits device sizes with the need for
supporting foams. Therefore, decreasing pore sizes for efficient water permeation,
reducing thermal conduction and the weights of wet membranes are critical for further

research in solar desalination materials.

1.2  Metal-organic Framework for Solar Desalination

Metal-organic frameworks (MOFs) as crystalline materials have been distinctly
focused on due to their high porosity and controllable composition or pore sizes.[?8
MOFs are a class of compounds in which metal ions coordinate with organic ligands to
form one- to three-dimension structures. The pores in crystal structures can be used as
selective material to eliminate guest molecules and filled with particular compounds.
Because of this property, MOFs have drawn interest for the storage of gases,?>%! gas
separation,[3% 341 water purification,*?*° and catalysis.7 50-5

For solar desalination, the metal-organic framework has been demonstrated as a
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precursor, derived from light-absorbing materials, for example, inorganic materials,
such as carbon and metal oxides,?® 54 % or a conducting polymer, polyaniline.[®! Also,
the works that copper-based MOFs with high light-absorbing ability have been
demonstrated to be promising candidates for solar desalination.[?® %5 571 Most of the
MOF-based desalination membranes were fabricated with metal nanowires, which
provides high surface area and the metal elements for further MOF synthesis.[>6581 The
crystal of MOFs not only possess additionally surface area but also the surface
roughness preventing light reflection and high porosity for water permeation. Moreover,
their low thermal conductivity has been proved to benefit heat concentrates on the
surfaces®¥. With the abovementioned properties, MOFs are a promising material for
desalination = membranes and  related applications.  Thus, we  chose
Al(OH)(benzene-1,3-dicarboxylate)] -nH20 (CAU-10-H) with high stability in water for

desalination membrane synthesis.

1.3  Conducting Polymer Composite as Solar Absorber

Conducting polymers (CPs) were first discovered in the 1970s. The conductivity of
CPs is mainly contributed by the delocalized n-bonds and the overlap of m-orbitals on
the backbones. With the outstanding properties, such as tunable conductivity,®® 6%
flexibility,- 62 and photothermal capacity,*® 2 %631 conducting polymers have drawn
great impacts in the field of science and engineering, and have successfully applied in
various applications.

Multiple kinds of CPs have been developed in these few decades, and many of
them have been applied as solar absorbers with the photothermal capacity for solar

steam generation, for example, polyaniline (PANI) 841 polypyrrole (PPy) 13 70-74]
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poly(3,4-ethylenedioxythiophene) (PEDOT)>7. However, because -of the high
hydrophobic properties and low water accessibility, beside of combining with other
absorbers, polymer mixtures and functionalized conducting polymers ‘commonly
facilitates in water remediation and treatments.
poly(3,4-ethylenedioxythiophene)-polystyrene sulfonate (PEDOT:PSS), a polymer
mixture with hydrophilic polystyrene sulfonate (PSS), is a commercial conducting
polymer which can be well suspended in water. It has also been successfully
synthesized in aerogels for solar desalination.*”!

In this work, we demonstrate the light absorption and photothermal conversion
capacity of hydroxyl functionalized PEDOT (PEDOT-OH) combined with Ti2Os.
PEDOT-OH shows its high hydrophilicity for water permeation and coating on
membranes. Furthermore, its easy nanostructure fabrication benefits light trapping and
absorption. The nanocomposites were synthesized with one-step oxidative
polymerization.  With  additional  absorption  with  Ti.O3  nanoparticles,
Ti:O:@PEDOT-OH possesses strong solar absorption capacity across a broad range of

wavelengths.

1.4 Research Goal

In this study, we have fabricated Ti.Os@PEDOT-OH with different weight ratios
and CAU-10-H membranes with different thicknesses. The light absorption and
photothermal conversion capacity of Ti.Os@PEDOT-OH were measured to find the
ratio with the best performances. The thermal insulating abilities of CAU-10-H
membranes were also compared and revealed in the work. Finally, evaporation and

purification tests were quantified to evidence that the coating CAU-10-H membranes
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can be practically applied for solar steam generation and desalination.
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Chapter 2 Materials and Methods

2.1  Materials and Instruments

2.1.1 Materials and Chemicals

Table 2-1. The list of chemicals.

Chemicals Supplier Purity
Isophthalic acid Alfa Aesar 99%
Iron(l11) chloride Alfa Aesar >99.99%
Aluminum sulfate octadecahydrate JT Baker
(2,3-Dihydrothieno(3,4-b)(1,4)dioxin-2-yl)methanol ~ Sigma-Aldrich 95%
Titanium(I11) oxide Sigma-Aldrich 99.9%

Table 2-2. The list of solvents.

Solvents Supplier Purity
N,N-dimethylformamide Macron 99.8%
Methanol Macron 99%

Table 2-3. The list of membranes
Membrane Supplier Pore Size
Polytetrafluoroethylene Toson Technology 0.1 um

membrane filters
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2.1.2 Instruments and Measurements

Table 2-4. The list of instruments.

Instruments
Scanning Electron Microscope

High Power X-ray Diffractometer

UV-VIS Spectrophotometer

Xenon light source

Infrared camera
Contact angle goniometer
Inductively coupled plasma mass

spectrometry

Supplier

Hitachi S-4800

Rigaku TTRAX 3
Rigaku Miniflex
Shimadzu UV-1900i
Enlitech  ALS-300 universal light
source
Testo testo 869,
Sindatek Model 100 SB

Agilent 7700e

2.2 Nanoparticles and Nanocomposites Fabrication

2.2.1 Ball-milling Process of Ti,O3 Nanoparticles

A ball mill (Planetary Mills Ball PM100, Retsch) was utilized in this process with

zirconia dioxide balls. The volume fraction of zirconia balls to Ti>O3 powder was 30:1.

The milling speed was fixed at 300 rpm. In one cycle of the ball milling process, the

machine ran continuously for 30 minutes and then stopped for 10 minutes. Tdishe

milling time was set to 20 hours. All the procedures are conducted in an argon

atmosphere.
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2.2.2  Synthesis of PEDOT-OH and Ti,O;@PEDOT-OH

The synthesis process is shown in Figure 2-1. The synthesis process of
PEDOT-OH and Ti2Os@PEDOT-OH.. In order to synthesize pure PEDOT-OH and
Ti2O3@PEDOT-OH with different weight ratios, 500 mg (2.91 mmol) EDOT-OH with
none, 150 mg (1.04 mmol), 350 mg (2.44 mmol), 500 mg (3.48 mmol), and 750 mg
(5.22 mmol) Ti2O3 nanoparticles, respectively, were dissolved and dispersed in 37.5 ml
DI water by sonication. The amounts are also shown in Table 2-5. The oxidative
solution, 2 mmol FeCls dissolved in 10 ml DI water, was dripped gently into the stirring
PEDOT-OH solution. The mixed solution was stirred at room temperature for 24 h to
fully polymerization. After that, the solution was centrifuged and rinsed with DI water

to remove the oxidant. This process was repeated four times.

8

Stirring 24 hours to polymerize

\ Dripping the
Adding Ti,04 oxidant solution
— —

Figure 2-1. The synthesis process of PEDOT-OH and Ti2Os@PEDOT-OH.

Dripping the oxidant solution
into stlrnng EDOT-OH solution

The solution was
centrifuged and rinsed
with DI water to remove
the oxidant.

Table 2-5. The ratios of Ti.Ozand EDOT-OH in the synthesis.

Denoting Ti203 Ti203 EDOT-OH EDOT-OH mole
weight mole weight (mM)
(mg) (mM) (mg)
PEDOT-OH 0 0 500 2.91
0.3_Ti203@PEDOT-OH 150 1.04 500 291
11
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0.7_Ti20s@PEDOT-OH 350 2.44 500 291
1.0_Ti20s@PEDOT-OH 500 3.48 500 291
1.5_Ti20s@PEDOT-OH 750 5.22 500 291

2.3 Synthesis of CAU-10-H

2.3.1 Synthesis of CAU-10-H in Powder Form

5 mmol Al>(SO4)3-18H,0 and 5 mmol 1,3-H.BTC were dissolved in a cosolvent of
24 ml distilled water and 6 ml DMF. The solution was stirred at a refluxed temperature
of 120 °C for 48 hours. After synthesizing, the CAU-10-H powder was collected by
vacuum filtration, rinsed with DI water, and then dried in the oven at 100 °C for 24

hours to remove the solvents.
2.3.2  Synthesis of in-situ CAU-10-H Membranes

0.2 wt% CAU-10-H powder was sonicated and dispersed in distilled water as a
seeding solution. The solution was dripped to cover the PTFE substrates and
spin-coated at 1000 rpm for 30 seconds. The substrates were baked to dry in the oven at
50 °C for 20 minutes. This process was repeated three times for powder seeding. The
details of reactants, solvents, and temperatures are shown in Table 2-5. For 7 um thick
CAU-10-H membrane, the seeded substrate was immersed in the secondary growth
solution, prepared with 2.5 mmol Al2(SO4)3-18H-20 and 2.5 mmol 1,3-H2BTC in 144 mi
distilled water and 36 ml DMF cosolvent. For a 10 pm thick CAU-10-H membrane, the
seeded substrate was immersed in the secondary growth solution, prepared with 5 mmol
Al>(S04)3-18H,0 and 5 mmol 1,3-H2BTC in a cosolvent of 144 ml distilled water and
44 ml DMF cosolvent. For a 13 pum thick CAU-10-H membrane, the seeded substrate
was immersed in the secondary growth solution, prepared with 2.5 mmol
Al>(S04)3-18H,0 and 2.5 mmol 1,3-H>BTC in a cosolvent of 144 ml distilled water and

36 ml DMF. For a 15 pum thick CAU-10-H membrane, the seeded substrate was
12
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immersed in the secondary growth solution, prepared with 5 mmol Al2(SQO4)3-18H20
and 5 mmol in a cosolvent of 1,3-H.BTC in 144 ml distilled water and 36 ml DMF. For
a 17 pum thick CAU-10-H membrane, the seeded substrate was immersed in the
secondary growth solution, prepared with 5 mmol Al>x(SO4)3-18H20 and 5 mmol
1,3-H2BTC in a cosolvent of 144 ml distilled water and 44 ml DMF. The reaction was
at a refluxed temperature of 110 °C for 24 hours. After that, the substrate was rinsed
with distilled water to remove deposited particles and then immersed in the new
secondary-growth solution for continuous growth at the same condition. After
synthesizing, CAU-10-H membranes were activated by thoroughly soaking in methanol
for 24 hours. Finally, the membranes were dried in the oven at 50 °C for 24 hours to

remove methanol.

Table 2-6. The reactant quantities and methods of CAU-10-H membranes with different

thicknesses.

Synthesis = Al2(SO4)3-18H.0 1,3-H.BTC ~ DMF DIl water Temperature

method (mmol) (mmol) (ml) (ml) (°C)
7 pm CAU-10-H 2" growth 2.5 2.5 36 144 100
10 pm CAU-10-H 2" growth 5 5 44 144 110
13 pm CAU-10-H = 3" growth 2.5 2.5 36 144 100
15 pm CAU-10-H = 3" growth 5 5 36 144 100
17 pm CAU-10-H 3" growth 5 5 44 144 110

2.4 Coating Composites on CAU-10-H Membranes

15 wt % PEDOT-OH or Ti2Os@PEDOT-OH was dispersed in DI water by

13
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sonication. 0.2 ml/cm? dispersion solution was dripped on CAU-10-H membranes and

dried on a hotplate at 60 °C.

2.5 Characterization

2.5.1 Scanning Electron Microscope (SEM)

The morphologies and microstructures of all membranes were determined by SEM.
A Hitachi S-4800 field emission SEM was used with an acceleration voltage of 10 kV.
Every sample has been coated with platinum via sputter deposition with an acceleration

voltage of 25 V for 40 seconds.
2.5.2 UV-VIS Spectrophotometer

The absorption spectra of all composites were characterized by an ultraviolet-visible
spectrophotometer (UV-1900i, Shimadzu). The measurements were conducted from 1100
nm to 250 nm with a 13 nm per second scan rate, and 0.7 wt % dispersion solutions were
prepared for measurements.

2.5.3 Contact Angle Measurements

The hydrophilicity and water-absorbing effects of surfaces were demonstrated with
contact angle measurements. A contact angle goniometer (Model 100 SB, Sindatek) was
utilized in the experiments. The needle squeezed a drop of DI water, and the platform
was elevated to drip DI water on the surfaces of the samples. The images were captured
to measure the contact angles.

2.5.4 X-ray Powder Diffraction (XRD)

High Power X-ray Diffractometer (TTRAX 3, Rigaku) was utilized with Cu Ka
radiation (50 kV, 300 mA). Each sample was scanned from 5° to 65° 26 with a step size

of 0.02° 26 using an incident beam of 0°.
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2.5.5 X-ray Diffraction (XRD)

X-ray Diffractometer (MiniFlex, Rigaku) was utilized for crystal analysis of
membranes, conducted with Cu Ka (50 kV, 300 mA). Each XRD result was scanned
from 5°to 28° 260 with a step size of 0.01° 20 using an incident beam of 1°.

2.5.6 Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
The ion concentrations were analyzed with ICP-MS (7700e, Agilent) including

elements of Na, K, Ca, and Mg.

2.6  Evaporation and Purification Tests

2.6.1 Device Setup of Evaporation Tests

As Figure 2-2 shown, the device setup includes a solar simulator, an electronic
balance, an IR camera, and the desalination device to measure instant temperatures and

weight loss for calculating evaporation rates.

Figure 2-2. The photo of the device setup for evaporation tests. The desalination device

15
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was placed in an electronic balance to measure weight loss under the xenon lamp as a
solar simulator, and an IR camera was fixed to measure the temperatures of a fixed
point on membrane surfaces.

Two different desalination devices are shown in Figure 2-3. Figure 2-3a shows a
3D printing device to isolate the desalination membrane from bulk water, and Figure
2-3b shows the desalination membrane floating on bulk water. Two devices are

constructed to compare the thermal insulating ability of in-situ CAU-10-H membranes.

(a) (b)
N

3D printing <
device Sponge ~_ Desalination

membrane

\g N————

Sea water—

Figure 2-3. (a) The 3D printing device to clamp the desalination membrane and a
sponge which is for water absorption and separate the desalination membrane and
simulated seawater. (b) The scheme of the desalination membrane directly floating on

simulated seawater.

2.6.2 Device to Collect Condensed Water

The purification device is for collecting pure water. The actual device and the

illustration of purification process are shown in Figure 2-4

16
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(@) ) (b)

Figure 2-4. (a) The device condensing pore water. (b) The illustration of the device to
collect condensed water. Under solar illumination, the membrane converts irradiation to

heat to make water evaporates and condenses along the glass.
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Chapter 3 Result and Discussion

3.1 Photothermal Composites

3.1.1 Comparison between PEDOT-OH and Ti,O;@PEDOT-OH

Light absorption capacity is essential for solar steam generation. To demonstrate
high light absorption in a broad range of wavelengths, Ti-Os nanoparticles are added to
PEDOT-OH polymerization to acquire Ti2Oz-coated PEDOT-OH. Pure Ti2O3
nanoparticles are also widely used as solar absorbers due to their high light-absorbing
capacity in a wide wavelength range. However, they are hardly coated on films and
substrates without surfactants. Worth noting that because of oxygen vacancy on the
Ti2O3 particle surface, Ti2Oz particles can be well dispersed by hydroxyl groups of
PEDOT-OH in deionized water and coated on in-situ CAU-10-H without additional
surfactants.®%  The UV/VIS absorption spectrums of PEDOT-OH, TiOs and
Ti:O3@PEDOT-OH were conducted by a UV/VIS spectrophotometer (Figure 3-1a).
The measurements were performed from 1100 nm to 250 nm with a 13 nm per second
scan rate, and 0.7 wt % suspension solutions were prepared for measurements. The
spectrum Ti2O:@PEDOT-OH shows increasing absorption in the wavelengths below
600 nm because of the absorption of Ti.Os particles. The peaks at 250 nm and 310 nm
in the Ti2Oz:@PEDOT-OH spectrum might be O-H absorption enhanced by the
interaction between hydroxyl groups of PEDOT-OH and Ti203. Figure 3-1b shows
evaporation rates of CAU-10-H with different coatings. Pure CAU-10-H without
photothermal absorbers shows the lowest rate. Ti.Os@PEDOT-OH coating membrane
possesses the highest rate, slightly above the PEDOT-OH coating membrane. It further

confirms that adding Ti,Os particles can improve the light absorption ability,
18
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photothermal capacity, and consequently evaporation rates, and Ti.O3z@PEDOT-OH can

be an efficient solar absorber.

(a)

G

Mass change (kg m™)

Absorbance

1.2

1.0}

0.8

0.6

0.4

0.2

0.0

—— PEDOT-OH
Ti,0,
Ti,0,@PEDOT-OH

400 600 800 1000
Wavelength (nm)

—a— 3.5 wt% NaCl

—s— CAU-10-H

—+— PEDOT-OH on CAU-10-H
Ti,O,@PEDOT-OH on CAU-10-H

0 5 10 15 20 25 30
Time (min)

Figure 3-1. (a) UV/VIS absorption spectrum of PEDOT-OH, Ti»0O3, and as-received

Ti203@PEDOT-OH. (b) Evaporation rates of PEDOT-OH and as-received

Ti203:@PEDOT-OH coating on CAU-10-H membranes.
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3.1.2 Comparison between As-received Ti,Ozand Ti,O3 Nanoparticles

Ti2O3 nanoparticles were obtained with the ball-mill process to eliminate light
reflection. After ball-milling, XRD results confirmed that no oxidation occurs.in this
process (Figure 3-2). The characteristic peaks of TioOz nanoparticles are fitted with
as-received Ti,O3 but broader because of the stress-strain field from the ball-milling.
Moreover, in the SEM images, the particle sizes become averaged and decrease from
micrometers to about one hundred nanometers (Figure 3-3). The light absorptions of
as-received Ti20s@PEDOT-OH and Ti203 nanoparticle@PEDOT-OH
(nanoTi2Oz:@PEDOT-OH) are also demonstrated (Figure 3-4a). It shows that the two
characteristic spectrums are almost the same, and the absorptivity of
nanoTi2Os@PEDOT-OH is much higher than the other. Figure 3-4b shows the
temperature changes of different coatings. The temperature of nanoTi2Os@PEDOT-OH
is slightly higher than Ti.Os@PEDOT-OH, specifying that reducing particle sizes can

efficiently intensify photothermal capacity.

Ti,O; nanoparticles

2
@
c
2
£
As-received Ti,04
" 1 " 1 " 1 "
20 30 40 50 60

20 (°)

Figure 3-2. XRD results of as-received Ti.O3 and Ti2O3 nanoparticles after ball-milled.
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Figure 3-3. SEM results of (a) As-received Ti2Oz:@PEDOT-OH. (b)

—
Q
S

Absorption (arb.)

(b) .,

80 |

Temperature (C)

30 b

20 }

70 F

60 F

50 b

a0t

nanoTi2O3@PEDOT-OH

— Ti,0,@PEDOT-OH
— nanoTi,0,@PEDOT-OH

400 600 800 1000
Wavelength (nm)

= CAU-10-H
—+ PEDOT-OH

—+— Ti,0,@PEDOT-OH
—+— nanoTi,0,@PEDOT-OH

Time (min)

Figure 3-4. (a) Light absorption of as-received Ti.Os@PEDOT-OH and

nanoTi203@PEDOT-OH. (b) Temperatures of different coatings in a dry state.
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3.1.3 Ti,O;@PEDOT-OH Nanocomposites with Different Ratios

To compare the absorptivity, the absorption spectra of pure PEDOT-OH and
nanocomposites with different weight ratios, denoted as 0.3_Ti2Os@PEDOT-OH,
0.7_Tiz0s@PEDOT-OH, 1.0 Ti,0s@PEDOT-OH, and 1.5 _Ti»O3@PEDOT-OH, were
characterized by a UV-VIS spectrophotometer. From the spectrum, the light absorption
enhances as the ratio of Ti2O3 nanoparticles increases (Figure 3-5a). However, when the
proportion of Ti.Ozis too massive, some nanoparticles cannot be well dispersed with
hydroxyl groups of PEDOT-OH and would agglomerate in DI water. Therefore, in the
spectrum of 1.5_Ti2Os@PEDOT-OH, the absorbance decreases over time, indicating the
deposition of nanocomposites.

To estimate solar-to-thermal conversion ability, nanocomposites were coated on
PTFE substrates to measure temperature changes in a dry state with an infrared camera
(Figure 3-5b, Figure 3-6). A xenon light source was used as a solar simulator. Under
exposure to one-sun illumination, temperatures of all coated substrates rise significantly
in the first minutes and keep slightly rising for the rest of the time. From pure
PEDOT-OH to 1.5 _Ti>Os@PEDOT-OH, the maximum temperatures of each coating are
67.5 °C, 71.5 °C, 74.4°C, 77.4°C, and 78.4 °C, respectively. The temperature result
follows the same trend as the UV-VIS result and the increasing ratio of Ti2Os over
PEDOT-OH. It presents that 1.5 Ti>O3@PEDOT-OH coating possesses the highest
temperature and PEDOT-OH coating possesses the lowest temperature.

Temperature changes in a wet state are also presented in Figure 3-5¢ and Figure
3-7. Furthermore, the evaporation rates are also exhibited in Figure 3-8 and Table 3-1.
The maximum temperatures of different coating still hold the same trend. On the other

hand, the temperature deviation of different coatings in a wet state is smaller than in a
22

doi:10.6342/NTU202201614



dry state because the heat conducts and loss through water molecules.- The contrast
indicates, compared to solar-to-thermal conversion capacity, thermal insulating ability
of membranes is also important to maintain high photothermal capacity on the surfaces
for water evaporation. Moreover, the wet temperatures directly affect the evaporation
rates. The evaporation rates of different coatings on PTFE substrates also possess slight
variation. 0.3_Ti2Oz@PEDOT-OH and 0.7_Ti.O:@PEDOT-OH coating possess nearly
the same rates. The rates of 1.0 Ti>Os@PEDOT-OH and 1.5 Ti>Os@PEDOT-OH
coating substrates enhance respectively as the same trend above. However, because of
the aggregation of TioOs mentioned above, 1.5 Ti>O:@PEDOT-OH cannot be
sustainable coated on in-situ CAU-10-H. Therefore, 1.0 _Ti2Os@PEDOT-OH would be
the best candidate as a solar absorbing layer and further used as a solar absorbing

coating in later experiments and results.
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Figure 3-5. (a) UV-vis-NIR spectrum of PEDOT-OH and Ti.Oz:@PEDOT-OH
nanocomposites with different ratios. 0.7 wt % nanocomposites were dispersed in DI
water after ultrasonication. (b) Temperatures at a dry state of PEDOT-OH and
Ti203@PEDOT-OH nanocomposites with different ratios coating on PTFE substrates

under one sun illumination. (c) Temperatures at a wet state.
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PEDOT-OH 0.3_Ti,O;@PEDOT-OH

1.5_Ti,0,@PEDOT-OH

30.0°C

Figure 3-6. IR images of different coatings on PTFE substrates in a dry state after ten

minutes of one-sun irradiation.

Figure 3-7. IR images of different coatings on PTFE substrates in a wet state after thirty

minutes of one-sun irradiation.
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Figure 3-8. Evaporation rates of different coatings on PTFE substrates.

Table 3-1. Evaporation rates of different coatings on PTFE substrates.

Coating

0.3_Ti.0s@PEDOT-OH

0.7_Ti,Oz:@PEDOT-OH

1.0_Ti2Os@PEDOT-OH

1.5 Ti,Os@PEDOT-OH

Evaporation rate (kg-h"t'm2)
0.903
0.903
0.934

0.959
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3.1.4 The Dispersity of Nanocomposites

To further reveal the dispersity of different nanocomposites, 4 wt % suspension
aqueous solutions were prepared and placed still as Figure 3-9. After two hours,
1.5 Ti2Os@PEDOT-OH nanocomposites with the highest amount of Ti-Ozalmost fully
precipitate. ~ After four hours, the top of 0.7_Ti,0O:@PEDOT-OH and
1.0_Ti,O3@PEDOT-OH solutions became transparent compared to the two-hour image,
and PEDOT-OH solution was still well dispersed without deposition. After twenty-four
hours, all vials with nanocomposites presented deposition. 1.5 Ti>Oz@PEDOT-OH
solution with black residues at the bottom was transparent and pure. Additionally,
0.7_Ti20Os@PEDOT-OH and 1.0_Ti.O:@PEDOT-OH solutions also presented black
residues but with darker solutions and fewer deposition, and because of the higher
amount of PEDOT-OH, 0.7_Ti.O:@PEDOT-OH showed deep purple in the solution.
On the other hand, only the top of PEDOT-OH suspension solution showed
transparency and most of solution kept dark without obvious deposition. Thus, these
images reveal that the dispersity drops when the amount of Ti.Os nanoparticles

increases, as previous observation shows.
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Figure 3-9. 4 wt % of PEDOT-OH and nanocomposites dispersed in DI water.

Suspension solutions of PEDOT-OH, 0.3_TiO3@PEDOT-OH, 0.7_Ti.Oz:@PEDOT-OH,

1.0_Ti;Os@PEDOT-OH, and 1.5 _TiOs@PEDOT-OH, respectively, from left to right.
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3.2 CAU-10-H Membranes

3.2.1 Surface Morphology and Thickness

In-situ CAU-10-H membranes were well synthesized in this work by secondary
and third growth in a reflux condition. The structure of CAU-10-H is shown in Figure
3-10. Five CAU-10-H membranes with different thicknesses were fabricated to
demonstrate the consequent effects further. In fabrication, the concentration of the
secondary-growth solution and the temperature were raised to enhance the thickness of
CAU-10-H. And the volume of DMF was simultaneously slightly increased to prevent
cosolvent boiling in the synthesis. The morphology and microstructures of all
membranes were determined by SEM. A Hitachi S-4800 field emission SEM was used
with an acceleration voltage of 10 kV. The SEM results show that a PTFE substrate
possesses a loose foam with high porosity, which benefits water absorption applications
(Figure 3-11a, Figure 3-12a). It also shows that the thickness of a PTFE substrate is
about 15 um (Figure 3-12a). According to the SEM images of CAU-10-H membranes,
with a lower concentration of reaction solution, the grains of in-situ CAU-10-H are
slender and flakier (Figure 3-11b,d). By comparison, the grains are much coarser
synthesized with a higher concentration of the solution (Figure 3-1lc,e,f). In
cross-section SEM results, different thicknesses, 7 um, 10 pm, 13 pm, 15 pm, and 17
um CAU-10-H membranes were successfully fabricated (Figure 3-12b,c,d.e,f).
Contrary to the microstructure of a PTFE substrate, in-situ CAU-10-H presents a dense
layer, and the intergranular gaps provide paths for water permeation by the capillary
force. Moreover, the thickness of CAU-10-H increases because of a higher reaction
concentration and temperature (Figure 3-12c). Also, in third growth synthesis, replacing

reactant solutions provides double the quantity of reactants and reaction time for the
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growth of CAU-10-H crystal, making the in-situ CAU-10-H layer considerably thicker

(Figure 3-12d,¢e,f).

Figure 3-10. Schematic illustration of CAU-10-H structure, where AlOg octahedra are

green, oxygen atoms are blue, and carbon atoms are light brown.
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Figure 3-11. SEM results. (a) PTFE substrate. (b) 7 um thick CAU-10-H. (c) 10 um

thick CAU-10-H. (d) 13 um thick CAU-10-H. (e) 15 um thick CAU-10-H. (f) 17 um

thick CAU-10-H. 5000x. Scale bar: 10 pum.
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Figure 3-12. Cross-section SEM results. (a) PTFE substrate. (b) 7 um thick CAU-10-H.

(c) 10 um thick CAU-10-H. (d) 13 um thick CAU-10-H. (e) 15 um thick CAU-10-H. (f)

17 um thick CAU-10-H. 2000x. Scale bar: 20 pm.
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To exemplify the necessity of an in-situ CAU-10-H layer in the temperature and
evaporation tests, a CAU-10-H powder seeded membrane was prepared by repeating the
seeding process five times to acquire powder covering the surface. The SEM images of
a seeded membrane are shown in Figure 3-13. The particles are stuck in PTFE fibrous
foam, reducing the pore sizes of the substrate, and distributed uniformly without
aggregation (Figure 3-13a). In the cross-section SEM image, the thickness of the
seeded membrane remains the same as the PTFE substrate, indicating only a thin layer

formed by powder seeding (Figure 3-13b).

Flgure 3 13. SEM results of a seeded membrane (@) Front image. 8000x. Scale bar:

5um. (b) Cross section. 2000x. Scale bar: 20 um.

33

doi:10.6342/NTU202201614



3.2.2 Crystal Analysis

XRD results of CAU-10-H membranes have been demonstrated to exemplify the
consistency of crystal structure under different reaction conditions (Figure 3-14a). 7. um
CAU-10-H, 10 um CAU-10-H, and 15 um CAU-10-H membranes synthesized with
different concentrations, temperatures, and ratios of solvents possess the same
characteristic peaks in XRD results, which fit the overlap of CAU-10-H simulation and
the result of a PTFE substrate. The slight offsets of characteristic peaks between each
membrane and the simulation come from different thicknesses and heights. On the other
hand, the small peaks at about 12° 26 and 13.5° 26 of membranes also fit the peaks at
11.7° 26 and 13.6° 26 in the amplified result of CAU-10-H simulation (Figure 3-14b).
Because of remaining water molecules in porous structure, these actual peaks of
membranes are much magnified than the peaks in simulation. Overall, all characteristic
peaks in the XRD result show that synthesizing with different concentrations,

temperatures, and the ratios of cosolvent does not evidently affect the crystal structure.

(a) — (b)
—— CAU-10-H simulation
7 um CAU-10-H
—— 10 um CAU-10-H

15 um CAU-10-H

—— CAU-10-H simulation

Intensity
Intesity

10 20 10 1I2 1I4
26(°) 26)

Figure 3-14. (a) XRD results of in-situ CAU-10-H membranes and a PTFE substrate. (b)

The magnified region of CAU-10-H simulation in the gray frame in figure (a).
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3.3  Surface Analysis of Coating Membranes

3.3.1 Contact Angle

The hydrophilicity of each layer of the membrane is crucial for efficient water
absorption, transportation, and the consequent evaporation rate. Functionalized PTFE
substrate and EDOT with hydroxymethyl groups were chosen to meet the requirement.
To investigate the hydrophilicity, immediate contact angle results were measured
(Figure 3-15a). A functionalized PTFE substrate possesses a contact angle of 38.89°,
much lower than the one of ordinary PTFE. In-situ CAU-10-H with a contact angle of
26.05° is comparable hydrophilic to other MOFs and is suitably applied for water
evaporation. The contact angle results of different light-absorbing nanocomposites are
also presented. Quoteworthy, hydrogen bonds would form between Ti»Os and water
molecules, making Ti-Oz coating hold a low contact angle of 18.79°. Functionalized
PEDOT with hydroxyl side groups possesses a contact angle of 48.38°, much lower than
PEDOT, about 110° With the high hydrophilicity of Ti2Os nanoparticles,
Ti>Os@PEDOT-OH coating also presents a low contact angle of 24.30° and its
hydrophilicity could be beneficial to be coated on CAU-10-H and improve the
evaporation rate. Because of micron and submicron pores in the fibrous foam and
particles, water drops on a PTFE substrate, Ti>O3 particles, and PEDOT-OH coating in

the measurements were absorbed into the samples within a few seconds (Figure 3-15b).
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Figure 3-15. (a) Immediate contact angles. (b) Contact angles in ten seconds.
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3.3.2 Surface and Cross-Section Morphology

SEM results also demonstrated the morphology of Ti2Os@PEDOT-OH on
CAU-10-H membranes after coating. The image shows the particle. sizes - of
nanocomposites are about one hundred nanometers and that Ti.O:@PEDOT-OH
nanocomposites were averagely dispersed without aggregation (Figure 3-16a). In the
cross-section SEM result, three perfect layers are presented: a PTFE substrate’s porous
structure for water absorption, a dense in-situ CAU-10-H for water permeation, and a
Ti20s@PEDOT-OH coating with micropores for light absorption and water evaporation

(Figure 3-16b).

Figure 3-16. SEM results of Ti.O:@PEDOT-OH coating on CAU-10-H. (a) The front.

5000x. Scale bar: 10 um. (b) Cross-section. 1500x. Scale bar: 30 um.
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3.3.3 Device Setup

As Figure 3-2 shows, the evaporation tests were conducted with two different
setups, on the 3D printing device and directly floating on bulk water. The evaporation
results are shown in Table 3-2, Figure 3-17. The evaporation rates of in-situ CAU-10-H
membranes are all elevated directly on water because of the thermal insulation of dense
CAU-10-H. Placing membranes on water efficiently raises water absorption and
transportation. In the comparison of two setups, the rates enhance more significantly as
the thicknesses of CAU-10-H increase, further evidencing that the insulating ability
rises with the thickness Table 3-2. However, the evaporation rate of the coating PTFE
substrate conversely decreases compared to the device setup. It reveals that the substrate
lacks thermal insulation without the additional device and CAU-10-H layer. These
results demonstrate that the sufficient thermal insulating ability and self-floating ability

of in-situ CAU-10-H membranes benefit practical steam generation.

Table 3-2. Evaporation rates of 1.0 _ Ti2Os@PEDOT-OH nanocomposites coating
with two different setups.

Evaporation rates (kgm%h=?)

On device On water
On PTFE 1.327 0.925
CAU-10-H powder 1.071 1.095
On 7um_CAU-10-H 1.624 1.690
On 10um_CAU-10-H 1.825 1.891
On 13um_CAU-10-H 1.909 2.294
On 15um CAU-10-H 1.308 1.617
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Figure 3-17. Evaporation rates of 1.0 _ Ti.O3@PEDOT-OH nanocomposites coating on
PTFE substrate, CAU-10-H seeded substrate and CAU-10-H membranes with different
thicknesses under one sun illumination. 3.5 wt % NaCl solution was applied in the

measurements. (a) On device. (b) On bulk water.
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3.4  Solar Desalination Tests

3.4.1 Photothermal Capacity

To further demonstrate the local heat effects of CAU-10-H membranes, the
comparison of temperatures in a dry and a wet state has been measured upon one sun
illumination. Furthermore, to compare the heat insulating ability between in-situ
CAU-10-H and CAU-10-H particles, CAU-10-H powder seeded membranes were
prepared by repeating the seeding process five times to acquire dense particles to cover
the substrate. All membranes were coated with 1.0 Ti.O;@PEDOT-OH. In a dry state,
after 10 minutes of illumination, the coated surfaces of a PTFE substrate, particle
seeded substrate, 7 um, 10 um, 13 pm, 15 pm, and 17 um CAU-10-H membranes heat
up to 71.5°C, 73.4°C, 76.4°C, 79°C, 81.9°C, 82.1°C, and 88.6 °C, respectively (Figure
3-18a, Figure 3-19). In a wet-state measurement, all membranes are directly floating on
the water without an additional insulator. After 1 hour of illumination, the coated
surfaces of a PTFE substrate, particle seeded substrate, 7 um, 10 um,13 pum, 15 um, and
17 um CAU-10-H membranes heat up to 41.8°C, 41.9 °C, 41.9 °C, 42.4°C, 43.3 °C,
44.8 °C, and 45.4 °C, respectively (Figure 3-18b, Figure 3-20). It shows that
temperature trends are positively related to the thicknesses in both states. The coated 17
um CAU-10-H possesses the highest temperatures, 17.5 °C and 3.6 °C, more elevated
than the PTFE substrate without CAU-10-H insulating the heat. Additionally, even
though a coated CAU-10-H particle seeded membrane is slightly more heated than a
coated PTFE substrate, the temperatures at a wet state are almost the same, presenting
that only particle deposition cannot serve as a sufficient heat insulator floating on bulk
water. Accordingly, the temperature measurements show that the dense in-situ

CAU-10-H layer is critical in concentrating heat on the surface.
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Figure 3-18. (a) Temperatures at a dry state of 1.0 _Ti.Os@PEDOT-OH
nanocomposites coating on PTFE substrate and CAU-10-H membranes with different
thicknesses under one sun illumination. (b) Temperatures at a wet state of 1.0 _
Ti203@PEDOT-OH nanocomposites coating on PTFE substrate and CAU-10-H

membranes with different thicknesses under one sun illumination.
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Figure 3-19. IR images of coated PTFE substrate, seeded membrane, and in-situ
CAU-10-H membranes with different thicknesses in a dry state after ten minutes

one-sun irradiation.
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Figure 3-20. IR images of coated PTFE substrate, seeded membrane, and in-situ

CAU-10-H membranes with different thicknesses in a wet state after thirty minutes

one-sun irradiation.

42

doi:10.6342/NTU202201614



3.4.2 Evaporation Tests

In the ideal device, the heat transformed from solar irradiation should be
concentrated on the surface and contribute to water vapor enthalpy. As the thickness of
in-situ CAU-10-H increases, the dense crystals should prevent the heat which
Ti20O3@PEDOT-0OH absorbs and converts from solar energy conducting through water
molecules and heating water beneath the membranes. As a result, the temperature
difference between the two sides of membranes would be the largest and benefit steam
generation. On the other hand, if the water permeation paths become too long as rising
thickness, water molecules would not be able to transport upward efficiently by a
capillary force, and the evaporation rate of the device would be eliminated. Thus, the
thickness of in-situ CAU-10-H is crucial to maintaining the balance of the two
mechanisms.

To investigate the solar steam capacity and verify the aforementioned mechanism,
the evaporation rate was measured with the samples directly floating on a 3.5 wt %
NaCl aqueous solution, simulating seawater. The mass change over time was conducted
with the solar simulator and measured by an electronic analytic balance (Figure 3-21).
The efficiencies of all CAU-10-H membranes are significantly higher than the
membranes without in-situ CAU-10-H, clearly confirming that the dense crystal layer
can confine heat and reduce energy loss to bulk water. The result presents that
Ti2Os@PEDOT-OH on a 13 pum CAU-10-H membrane possesses the highest
evaporation rate of 2.17 kgm?h?l. The evaporation rate improves from 7 pm
CAU-10-H to 13 um CAU-10-H due to the heat insulating ability enhanced with
increasing thickness. Nevertheless, the evaporation rate drops from 13 ym CAU-10-H
to 17 um CAU-10-H. Although a coated 15 pm and 17 um CAU-10-H membrane has

better solar to thermal conversion capacity because of the heat-insulating ability of
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in-situ CAU-10-H, the pathways between dense crystals are too long for efficient water
permeation. As a result, the evaporation quantity is limited and declines. Furthermore,
Ti20O3@PEDOT-OH on a particle seeded membrane as an evaporator possesses a low
evaporation rate nearly the same as Ti.Oz@PEDOT-OH directly coated on a substrate. It
indicates that the pores and the unclasp structure in the deposition of particles cannot
adequately insulate heat when the membrane is on bulk water without thermal insulators.
As a result, compared to Ti:Os@PEDOT-OH on the seeded membrane and PTFE
substrate, the evaporation rates of membranes with in-situ CAU-10-H are significantly
higher, evidencing that the appropriate CAU-10-H layer not only confines heat on the
surface but also provide efficient permeating paths, further proving that tuning the

thickness of CAU-10-H can reach the balance of the two mechanisms.

3.0
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—e— PTFE

25F o seeded_CAU-10-H

& —4— 7 um CAU-10-H
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e
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Figure 3-21. Evaporation rates of 1.0_Ti>Os@PEDOT-OH nanocomposites coating on
PTFE substrate, CAU-10-H seeded substrate, and CAU-10-H membranes with different
thicknesses under one sun illumination. 3.5 wt % NaCl aqueous solution was used in the

measurements.

The capacity and stability of photothermal conversion of the coating material are
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decisive for solar steam generation. To verify the photothermal  response . of
1.0_Ti2Os@PEDOT-OH on 13 um in-situ CAU-10-H, temperature measurements at a
dry state were utilized for three illumination cycles (Figure 3-22a). Under one sun
illumination, the coating surface was sharply heated and reached 86.1 °C, 84.4 °C, and
86.2 °C, respectively, in ten minutes. When simulated solar light was turned off, the
temperatures dramatically decreased in the first minute. They fell back to 31.6 °C, 31.8
°C, and 31.7 °C, respectively, slightly above the initial temperature of 27.8 °C in 10
minutes. In this measurement, the rapid temperature change reveals the excellent
photothermal response capability of Ti2Os@PEDOT-OH. Also, the similar
performances of the membrane in repetitive irradiation and cooling cycles show its high
photothermal stability. To further demonstrate the stability of solar evaporation ability,
repetitive evaporation measurements of 1.0_Ti.Oz@PEDOT-OH on a 13 um in-situ
CAU-10-H membrane were conducted under simulated solar light (Figure 3-22b). Due
to the dense and stable crystal structure of in-situ CAU-10-H with excellent mechanical
properties, the microstructure of the membrane does not change during the steam
generation process. The evaporation rates maintain in five cycles, independent of the
repeating cycle, with an average evaporation rate of 2.20 kgm2h. An evaporation test
was conducted again after a month with the same 13 um in-situ CAU-10-H membrane,
the evaporation rate maintains at 2.3 kgm?h™. This result demonstrates that coated

in-situ CAU-10-H is reusable and resistant repeatedly to water desalination.
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Figure 3-22 (a) Repeat illumination of 1.0_Ti.O:@PEDOT-OH nanocomposites
coating on 13 um CAU-10-H membranes at a dry state under one sun illumination. (b)
Repeat evaporation rate measurements of 1.0_Ti2Os@PEDOT-OH nanocomposites

coating on 13 um CAU-10-H membranes under one sun illumination.
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3.4.3 Evaporation Efficiency

To construct the photothermal capacity, the evaporation- efficiency of

1.0_Ti,O3@PEDOT-OH nanocomposites coating on a 13 um CAU-10-H membrane has

been calculated with Equation 3-1. 7 is evaporation efficiency, 1 is the mass flux

of steam that the evaporation rate in a dark condition is subtracted, fuw is the total
enthalpy of latent heat which refers to specific heat and latent heat of water vaporization,
and | is incident solar radiation density.

n = rihy/1 Equation 3-1.

A coated 13 pm CAU-10-H membrane holds an evaporation rate of 0.77 kgm2h? in a
dark environment. The water vaporization enthalpy at 40.26 °C, which is the average
temperature of membrane surface, is about 2400 kJ’kg™. The solar irradiation density of
one-sun illumination is 1 kWm?. After calculating, a coated 13 pm CAU-10-H
membrane possesses an evaporation efficiency of 95.3 %, which refers 95.3% of total
irradiation energy converts into the heat absorbed by water to steam escaping. Overall,
this result indicates that, even without additional thermal insulators preventing heat loss,

the membrane possesses the high photothermal capacity and conversion efficiency.
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3.4.4 Practical Application and Purification Analysis

The practical solar desalination of Ti.Os@PEDOT-OH on a 13 um CAU-10-H
membrane was conducted with the homemade device (Figure 3-23)..The aqueous
solution was prepared to simulate seawater, and the chemical composition is shown in
Table 3-3. Simulated seawater was vaporized through the membrane and condensed
into pure water in the glass device. 13 pum CAU-10-H membrane coated
Ti,Os@PEDOT-OH reached an evaporation rate of 1.63 kgm?Zh? with the device.
Additionally, condensed water was collected and characterized with inductively coupled
plasma mass spectrometry (ICP-MS, 7700e, Agilent). Metal ion concentrations are
analyzed and compared to those of simulated seawater to reveal the seawater
desalination performance (Figure 3-24). The ion concentrations of purified water are
significantly eliminated by three orders of magnitudes and well qualified with drinkable
water standards by WHO. The results evidence that coated CAU-10-H membranes
possess the outstanding ability of desalination and can be practically applied as solar

desalination membranes and steam generators.

Table 3-3. The ion concentrations of simulated seawater.

lons Concentrations (wt %)
Na* 1.12
Mg?2* 0.11
Ca* 0.041
K* 0.06
SO4* 0.032
Cr 1.96
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Chapter 4 Conclusion

In summary, we successfully fabricated in-situ CAU-10-H membranes coating with
nanoTi:Os@PEDOT-OH in this work for solar steam generation and desalination.
1.0_nanoTi2O:@PEDOT-OH have been demonstrated to be an excellent solar absorber
with high light absorption and photothermal capacity for coating. On the other hand,
in-situ CAU-10-H membranes with high porosity, thermal insulating ability, and low
thermal conductivity are manifested as promising desalination membranes with a
crystalline structure. Especially, a coated 13 um thick CAU-10-H membrane possesses
the best performance in evaporation tests with efficient thermal insulation and water
permeation. 1.0_nanoTi;O:@PEDOT-OH coated 13 pm CAU-10-H membranes with
self-floating ability reach an average evaporation rate of 2.20 kgm2h™ in five cycles
with an efficiency of 95.3% indicating its consistent steam generating capacity. In
addition, a practical device has been revealed in this work to desalinate simulated
seawater into drinkable water with ion concentrations eliminated by three orders of
magnitudes. These results show that Ti.Oz@PEDOT-OH nanocomposites coating on 13
um CAU-10-H membranes has excellent potential for future solar steam generation and

desalination.
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Chapter 5 Future Work

The morphologies of CAU-10-H depend on the concentrations of
secondary-growth solutions and might affect water permeation. The effects can be
further demonstrated in evaporation tests. Besides, the water-absorbing ability of
hydrophilic PTFE substrates can be improved. Also, there is room for modifying the
water desalination device to enhance desalination rates and reach the same speeds as

evaporation.
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