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freshwater.

Abstract: seawater desalination is an important strategy to give clean sources for water
treatment by solar evaporators to produce heat from the solar in recent years. Herein,
for solar steam generation, we prepare MIL-125 mixed with polyurethane foam (MPU).
We improved MPU by using graphene oxide to enhance the evaporation rate.
Polyurethane foam has various advantage such as floating property and self-pump
water by its hydrophilic structure The porosity property of the fabricated polyurethane
foam was noticed in the SEM images which include the hydrophilic nature and the
open porous of the fabricated Polyurethane foam. MIL-125 has large salt rejection, and
large water permeability. GO enhanced solar absorption, and photo-thermal conversion
efficiency since it exhibits broad band light for steam generation uses. Under one solar
irradiation, the mass change of water by GO@MIL-125 (MG) nanocomposite (0.62 kg
m?) is larger than MIL-125 (0.44 kg m %) (M). Additionally, the evaporators exhibit
organic dye removal from contaminated water and produces pure condensed
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1.Introduction

Freshwater supplies are decreasing because
of  industry usage and high wastewater
discharge (1). Pure water is an important for
different uses such as drinking, agriculture and
industrial applications (2-4). We should search
and solve freshwater source shortages to satisfy
the increasing population and energy needs will
rise in recent time. Desalination is one of the
strategies for producing pure water from
contaminated water, salty, or brackish (5). All
desalination strategies can be demonstrated to
solve the lack of freshwater source. These
methods, which can include mechanical vapour
compression (MVC), low-temperature
desalination (LTD), multi-effect desalination
(MED), reverse osmosis (RO), multi-stage flash
distillation (MSF), membrane distillation (MD)
involve high energy consumption, and high
costs (6-8). We can enhance evaporation
efficiency and use alternative energy sources
for heating in seawater desalination as solar
energy (9, 10). The solar steam generation
techniques can easily produce heat water from
light with small photothermal conversion
efficiency (11). Steam is produced using

photothermal conversion materials (PCMs) at
the water-air interface, where it can provide
heat from solar energy and prevent heat loss to
the bulk water (12-15). For solar desalination to
be very efficient, the photothermal layer must
absorb light. We demonstrate other solar
absorbers with metal organic frameworks and
graphene oxide to increase the rate evaporation.

Metal-organic frameworks (MOFs) are an
attractive candidate due to evaporation-driven
electricity generation, their charged surface,
and hydrophilicity for example MIL125 for
water desalination. MIL-125(Ti) exhibited light
response properties because of development of
new Ti-MIL structures and can be driven by
light and transport electrons to the metal
center(16-18). MIL-125 has water permeability,
high efficiency, and salt rejection in the
desalination technique (19-22). Due to its
effective light absorption, salt rejection
property , electrical, optical, biological uses,
graphene oxide (GO), which exhibited a broad
spectrum of light absorption from the visible to
NIR range, has also been investigated as a
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photothermal material for solar desalination
(23,24). Herein, we prepare nanostructured
MIL125 as solar evaporators and can enhance
evaporation performance by modification of
MIL-125 by addition of GO. In this paper, we
developed a floating polyurethane foam (PU)
that is combined with a photothermal
composite using a simple technique.

2. Materials and methods

All solvents and chemicals were used
without purification. 1,4-benzene dicarboxylic
acid (H,BDC),Titanium (V) isopropoxide
(TTIP), methanol, and N, N-
dimethylformamide (DMF) were supplied from
Sigma Aldrich. For preparation of GO, the
following substances were used as follow:
graphite powder (99.95%), sodium nitrate
(NaNO3), potassium permanganate (KMnQy),
30% hydrogen peroxide (H,O,) , sulfuric acid
(H2S0,4), and Hydrochloric acid (HCI).
Graphene oxide was prepared by using graphite
flakes by a modified Hummer technique [25].
The solvothermal method was used to prepare
MIL-125 depending on these procedures.
Mixture of methanol (5 mL) and anhydrous
DMF (45 mL) were used to dissolve 1,4
benzene dicarboxylic acid (15 mmol).
Subsequently, Titanium (IV) isopropoxide (9
mmol) was added to mixture and stirring for 10
min. The mixture was poured into a Teflon tube
, heated at 120 °C for 16 hours and was placed
in a oven. The autoclave was cooled to reach
room temperature. Finally, we separated the
white of MIL-125 by centrifuge and washed the
precipitate several times by DMF and then
diluted ethanol. Finally, the white precipitate
was dried at 80 °C.

2.1. Characterization techniques

XRD measurements of samples were
recorded by Philips (PW 150) X-ray
diffractometer instrument by using Ni-filtered
Cu (K,) radiation with wavelength () = 1.540
A° at 45 mA and 40 KV. The scanning was
made for a two-theta angle from 1 to 60. FT-IR
analysis of samples was showed by FT-IR
spectroscopic technique on Nicolet Magna-IR
550 spectrometers with 128 scans and 4 cm™
resolution in the mid-IR region 400-4000 cm™.
Each sample was mixed with KBr substance
and pressed into a thin wafer that was placed
into the IR cell and then the spectrum was

recorded. Samples were investigated by the
SEM technique to explain the structure
morphology. The surface images of samples
were showed by JEOL-JSM-6510 LV scanning
electron microscope. Samples was put on gold-
coated grid and scanned with a focused
electrons beam. A Sci-Sun-300 AAA solar
simulator was investigated to explain the solar
steam generation tests. A thermocouple was
used to study thermal absorber surface's
temperature during the desalination strategy,
and an IR camera could show the surfaces'
thermal pictures.

2.2. Synthesis of the photoabsorber materials

Polyurethane foam was used to prepare a
one-layer system for solar-driven water
desalination. Initially, polyol and liquid
diisocyanate were combined with 0.5 g of
fabricated composites for 6-8 seconds. After 10
min, the fabricated foam was cut into disks with
4.5 cm diameter and 1 cm thickness and kept
for further use. Finally, polyurethane foam can
float in 100 mL of saline water.

2.3. Evaporation performance under one sun

The steam generation experiment was
carried for pure and saline water under an
ambient temperature of 22 °C + 3 °C and a
humidity of 50% for 1 hour. The polyurethane
foam with prepared samples was floated in 100
ml beaker with 100 ml DI water or saline water.
The mass loss of water in 60 min through
evaporation was showed by using an electronic
analytical balance (1 mg inaccuracy) every 5
minutes. The temperature distribution of
evaporators before and after illumination was
measured by an IR camera and thermocouple,
respectively. The evaporation rate was
calculated using equation (1).

dam
v = ﬁ (1)

The evaporation rate (v) can be measured by
equation (1) (39, 45) that S is the surface area
of foam, mis the weight of the evaporated
water (Kg), and t is the time of illumination.

3. Results and Discussion
3.1. characterization

Fig. 1b showed the XRD patterns of the pure
MIL-125 and GO@MIL-125. The XRD pattern
of pure MIL-125, the peaks allocated at 20 =
6.9°,9.9°, 11.9°, 15.7°, 18°, 19.2°, 22.8°, 23.7°,
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34.3° and 49.3° attached to the (101), (002),
(211), (220), (310), (222), (312), (213), (400)
crystal planes, respectively (26-29). Fig. 1b
showed the GO@ MIL-125 composite has
diffraction peaks similar to MIL-125. Small
broad band was showed at 26 = 26° and XRD
pattern of GO observed a characteristic peak at
11.9° which small increased after incorporation
into MIL structure due to low percentage
loading. This result demonstrated that MIL-125
crystals were completely formed with GO
sheets (30) .

The functional groups of MIL-125 and
GO@MIL-125 were showed by FTIR spectra as
investigated in Fig. 1b. The broad adsorption band
in 3200-3400 cm™ range was noticed in the FTIR
spectra of MIL-125 for free solvent molecules in
pores of frameworks (31). The vibration of
carboxylate groups caused by the linker in
frameworks produced the bands at 1291-1690 cm-
1 (32). The bands at 500-800 cm-1 belonged to Ti-
O-C and Ti-O-Ti vibrations, whereas the bands in
the 800-1200 cm-1 range were the characteristic
absorption band of the benzene ring (33). The
transmittance of bands increased by increasing
the GO concentration loaded on MIL-125The
absorption band at 1600 cm™ due to Ti—O—C
bonds and interactions between MIL-125 and GO
nanosheets increased. A new absorption band
allocated around 1000 cm™ as the n—n interaction
between frameworks and GO sheets. The
absorption band at 620 cm™' of the Ti-O-Ti
stretching  vibration was weakened in
GO@MIL-125. This proved that there may
exist some interaction between MIL-125 and

GO(34).
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Fig. 1. (a) XRD patterns and (b) FTIR spectra of
MIL-125 and GO@ MIL-125.

The morphology of GO@MIL-125 on PU foam
was showed by using SEM analysis. Fig. 2
displayed the structural properties of GO@MIL-
125 as investigated by SEM. The porosity property
of the fabricated polyurethane foam was noticed in
the SEM images which include the hydrophilic
nature and the open porous of the fabricated
Polyurethane foam. SEM images showed MIL-125
features a spherical shape with a smooth surface
and GO with sheet in shape (35- 37)

Fig 3 SEN mmzmeef (3) PUSoe, and (M Goo greits

3.2. Solar steam generation process

To show the steam generation performance for
two foams were prepared by M, and MG. The
performance of photo thermal absorbers was
proved by the solar simulator utilizing
polyurethane foam in 1 sun for 1 hour for the solar
steam generation performance. Each sample was
combined with foam with 4.5 cm diameter. The
foam was wetted with deionized water before
being placed on the surface of the 100 mL of water
in the beaker. Using an electronic balance, the mass
loss was estimated, and the evaporation rate was
calculated from the mass loss calculated at 5 min
up to 1h. Fig .3a showed the mass loss of two pure
water photothermal absorbers throughout the steam
generation test. The results showed that pure foam
has the smallest mass loss of water of 0.31 kg m ™
in all samples because pure PU foam has a small
thermal absorptivity but also increased the light
absorption by its modification of foam (38). The
mass loss of water by using M and MG absorbers
were 0.44 and 0.62 kg m™. Large surface-active
sites and photosensitive characteristics of MIL-
125 contributed to water permeability and salt
rejection during the desalination process (39).
The solar absorbers including GO enhanced the
rate of evaporation due to low reflectance, and low
thermal conductivity GO (40, 41). The carboxylic
and hydroxyl functional groups in graphene oxide
structure are necessary for increasing the
evaporating rate of water due to the strong m—n
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interactions between the MOF and GO which can
increase the electron—hole pair separation. The
results of photothermal foams in artificial saline
water for PU, M, and MG evaporators were shown
in Fig. 3b. The mass loss of absorbers was 0.19,
0.35, and 0.54 kg m ™ in saline water. The results in
saline water were lower than pure water due to the
presence of salt ions. The mass loss decreased by
increasing salt in the solution because salt on the
foam's surface had precipitated, it blocked incident
light and decreased water evaporation.

[ I

41
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Fig.3. (a) mass changes for PU, M, and MG (b)
mass change for PU, M, and MG of pure and
saline water

Solar steam generation for fabricated
photothermal evaporators; M, and MG The
temperature change of two solar absorbers after 1
sun irradiation for 1h was compared in Fig. 4a. The
temperature on surface of foams enhanced from
room temperature to 30.6, and 34.3°C for M and
MG respectively. The MG temperature was larger
than M due to high solar absorption and
hydrophilic ~ surface  property  because of
combination between MIL-125 and GO together.
After illumination for 1h, the temperature changes
on poly urethane foams surface were recorded by
IR camera and thermocouple as showed in Fig. 4b.

lal
)

N 0 N R N
Fig. 4 (a)Temperature change on polyurethane
foams surface in 60 min and (b) IR thermal

images of (1) M, and (I1I) MG after 1h.

4.Conclusion

In summary, for solar water desalination, we
fabricated a one layer system of graphene oxide
supported MIL-125 with polyurethane foam
(MGPU). PU was an important for self-
floating, low thermal conductivity, and high
absorption of light. MIL-125 has water
permeability and salt rejection in the
desalination technique. we can improve MIL-
125 foam by using GO to enhance the
evaporation rate of water attached to the
physical characteristics of MIL-125 and
graphene oxide in desalination technique. The
fabricated samples can produce clean
condensed  freshwater in  solar  water
desalination technique.
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