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Abstract: Water is one of the abiotic components that play an important role in the continuity and
improvement of the quality of human life. In addition, water also needs to improve its quality so that it
is safe for human consumption. In this case, we utilize seawater to be processed into usable water for
clean water purposes for humans by designing a reverse osmosis method using cellulose acetate (CA),
polyethylene glycol (PEG) combined with TiO2 nanoparticles (TiO2-NPs) in an effort to desalinate
seawater. Firstly, the fabrication of CA/PEG/TiO, membrane by comparing the effectiveness methods
over surface coating (SC) and blending (B), which is proven by chemical-physical data (crystallinity,
functional groups, and morphology), and secondly, membrane performance tests (water flux, salt
rejection, pH, and salt content). Refers from the results showed that the fabrication of CA/PEG/TiO>
membrane by B method has good performance in desalinating seawater as evidenced by semi-
crystalline form with good porosity in filtering seawater with water flux value of 161.18 L/m?.h and salt
rejection of 84% that indicated the 4%o for water salinity. The acidic condition also showed that the SC
and B methods exhibit stability acidic with a pH value of 7.8. The seawater desalination RO system
provides a good ability to reduce salt content in seawater. This study is evidenced to contribute to the
innovation of seawater processing into clean water for further utilization against coastal communities
and small islands in Indonesia.
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1. Introduction

Water is the most important basic human need for human survival and quality of life,
but not all areas have good water resources. Coastal areas and small islands have very poor
clean water sources, so problems arise in fulfilling the need for clean water for daily needs [1].
In Indonesia, the threat of lack of clean water increases every year. Indonesia can actually
utilize the abundant amount of seawater as an alternative raw material to fulfill the community's
need for clean water. As mentioned above, the largest water supply in Indonesia is seawater
[2]. The problem is that seawater has a lot of excess mineral content, bacteria, and impurities,
such as small solids, so it cannot be consumed by humans directly [3].
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The freshwater resources owned by each country in the world show that Indonesia is
ranked 51st with a high level of crisis risk (High 40-80% possibility) [4]. The main problem
faced in relation to water resources is the quantity of water that can no longer meet the
increasing demand and the quality of water for domestic use, which is decreasing from year to
year [5]. The percentage of water found on Earth is 97%, but water that is suitable for
consumption is only around 27%. In short, water availability on Earth is very large, but the
amount that can be used is very small [6]. Water is a natural material needed for human, animal,
and plant life, namely as a medium for transporting food substances, as well as a source of
energy and various other purposes [7]. Seawater's potential is interesting to explore because
Indonesia is a maritime country with 75% water area. Unfortunately, seawater has a lot of
excess mineral content, bacteria, and impurities that humans cannot use directly. To overcome
these problems, it is necessary to protect existing water resources through appropriate water
treatment strategies.

Membrane technology is an effective approach to seawater treatment. The advantages
of using membranes are simple operation, cost-effective, no phase change, high productivity,
easy scaling, and high purification [8]. Many types of membranes have been applied in water
treatment, such as microfiltration (MF), ultra-filtration (UF), nanofiltration (NF), and Reverse
Osmosis (RO). RO is seen as a good and efficient membrane today, as it is denser and is a high-
pressure-driven filtration process with a narrow pore size range (<0.001 um), thus almost
separating all ions [9]. A membrane is a thin layer between two fluid phases, namely the feed
phase and the permeate phase. It acts as a barrier to a certain species, which can separate
substances of different sizes and limit the transport of various species based on their physical
and chemical properties [10]. Membrane technology has a major influence on the purification
process of seawater and wastewater. The need for clean water and the scarcity of water sources
are major driving factors in developing membrane technology [11]. Membrane-based
technology is the main tool for seawater treatment and desalination. At this point, highly
selective membrane technologies, such as reverse osmosis (RO), membrane distillation (MD),
and Pervaporation (PV), have become the most explored membranes in the field of seawater
desalination [12].

Several nanoparticles, such as zeolite, carbon nanotubes, silica, clay, and graphene
oxide, have been used to modify RO membranes [13]. All modified membranes showed a high
salt content reduction; however, RO membranes still have significant disadvantages due to the
occurrence of membrane fouling, such as water flux declination, resulting in increased
operating costs and reduced membrane lifetime. Integrating photocatalytic oxidation and
membrane filtration is a good approach to reducing fouling adsorption on the membrane
surface. The utilization of titanium dioxide nanoparticles (TiO2-NPs) as a photocatalytic
material has attracted attention among industries due to its good photocatalytic properties,
distinct electronic properties, high material surface effectiveness, and ability to destroy organic
contaminants in wastewater [14].

Besides its photocatalytic properties, TiO2-NPs have also been reported as water
disinfection and antifouling [15]. In addition, RO membranes using Cellulose Acetate (CA)
material and the addition of Polyethylene Glycol (PEG) additives have found good results in
seawater salt rejection [16]. However, using CA is susceptible to microbial attack, which can
cause fouling on the membrane surface [17]. An effective strategy to overcome this limitation
is modifying the sublayer using functional nanomaterials to mediate the adsorption rate. The
innate properties of functional nanomaterials, such as hydrophilicity, antifouling, interactive
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affinity, photocatalytic, and others, can complement the weaknesses of the membrane to obtain
the desired properties by adding PEG-modified TiO2-NPs.

The approach of membrane modification with TiO2 has increased membrane flux.
Based on Al Mayyahi's report, the membrane permeability increased with the addition of TiO2-
NPs, and the modified membrane showed good fouling resistance under ultraviolet (UV) light.
Damodar et al. also reported that the modification of TiO2-NPs into polyvinylidene fluoride
(PVDF) membrane exhibited excellent self-cleaning, antibacterial, and photocatalytic
properties; however, UV irradiation markedly increased the operating cost, hindering the
practical application of TiO2-NPs based on the antifouling membrane.

Additives are often added to membranes for specific purposes, like highly properties
materials to improve membrane performance. In addition, the number of additives can affect
the number and pore size of the resulting membrane. The type of additive usually used is PEG,
which is one of the substances that can be used to form and control pore size and structure
[18,19]. Adding PEG to the membrane can produce smaller, more regular pore membranes,
increasing the flux value [20]. So in this work, we explore the desalination process using
CA/PEG/TiO2 membrane by optimization preparation over SC and B methods in order to
desalination performance against seawater from Kolaka Beach, Kolaka Regency, Southeast
Sulawesi Province, Indonesia, where many people around Kolaka Beach still have difficulty
fulfilling their daily clean water needs.

2. Materials and Methods

2.1. Preparation of seawater.

Seawater samples were taken from Kolaka Beach, located in Kolaka Regency,
Southeast Sulawesi Province, and put into a 19-liter gallon. Then, it was filtered using a filter
cloth to separate impurities included when taking seawater samples. The filtered filtrate was
put back into a clean gallon for desalination testing using a modified membrane.

2.2. Preparation of CA/PEG membrane.

CA/PEG membrane preparation as a control was carried out based on the procedure
performed. Briefly, 3 grams of CA was dissolved in 17 mL of acetone and stirred using a
magnetic stirrer; then, 2 grams of PEG was added and stirred for approximately 3 hours at room
temperature. Then, the CA/PEG membrane was printed on a Petri dish and allowed to stand to
remove bubbles for 15 hours. The membrane was slowly released from the Petri dish mold,
and the CA/PEG membrane was obtained.

2.3. Preparation of CA/PEG membrane-modified TiO2-NPs.

The fabrication of TiO2-NPs modified CA/PEG membrane was conducted by 2 (two)
methods referred to Ounifi et al. (2022), namely the methods of (i) surface coating (SC) and
(ii) blending (B). Firstly, the SC method to fabricate the CA/PEG/TiO2 membrane was applied
by preparing a precursor of 0.5 grams of TiO2 and printing by sprinkling it on the surface of
CA/PEG membrane. Secondly, the mixing method was made by stirring with the addition of
0.5 grams of TiO2 mixed with the CA/PEG membrane. After homogeneity, the CA/PEG/TIO2
membrane solution was printed on a petri dish and allowed to stand for 15 hours until a dry
membrane was obtained.
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2.4. Characterization of membranes.

Membrane characterization was conducted using X-ray diffraction (XRD) to determine
the deposition of TiO2-NPs on the CA/PEG membrane and the crystallinity of CA/PEG/TiO2
membranes. Fourier transforms infrared (FTIR) was applied to determine the functional groups
contained in the membrane and identify the CA/PEG membrane. In addition, scanning electron
microscope (SEM) identification was also used to observe the membrane's morphological
structure, cross-section, and thickness. Through this analysis, the condition of membrane
porosity and the presence of TiOz on the surface of the membrane with a specific characteristic
can be seen.

2.5. Reverse osmosis test.

The design of an RO system was examined from a polyvinyl chloride (PVC) pipe with
a diameter of 2 inches with three processing tubes. Wherein the first tube contains feed water
(sample). The second tube has an initial pretreatment consisting of sand, charcoal, gravel, and
fiber. In the last tube, a membrane has been fabricated and placed horizontally, designed with
UV light for high-performance TiO2-NPs material on the CA/PEG membrane. The design of
the RO filtration device can be seen in Figure 7. The seawater desalination testing process
applied 19 liters of seawater, put it in a charcoal bucket, and soaked it for 24 hours.

Furthermore, the water is filtered and put into tube one, the feed water container. Then,
water was forwarded to a tube containing sand, charcoal, gravel, and palm fiber filter materials.
Finally, the test water enters tube 3 of the filtration process using a membrane illuminated by
UV light.

2.6. Membrane performance test.

Water flux shows the ability of water to pass through the membrane. The results of the
desalination test obtained permeate in units of time, the membrane area used, and the time used
for testing. To calculate the water flux, can apply with the equation below [22]:

J =2 (1)

(Axt)

Where, J is flux volume (L/m?.h), A is membrane surface area (m?), t is time duration
(hour), and Q is permeating volume (L). In addition, the salt rejection was also identified to
measure the salt content separated from the feed water carried by the rejection water. The salt
rejection can be determined by using the equation below [22]:

R:( —‘é—’;)x100% )

Where, R is salt rejection (%), Cp is the salination concentration of permeate (%o), and
CO is the salination concentration of the sample (initial sample) (%o). Furthermore, the acidity
(pH) was determined to identify the sum of hydrogen ion (H*) concentrations in a solution that
expresses its acidity and validity in salt water. Finally, salt content was determined using a
salinity meter to observe the dissolved salt content in seawater. The higher salinity value is
proportional to the higher chemical contents such as chloride, bromide, and iodide in the
seawater. The diagram of the membrane preparation procedure is shown in the following
Figure 1.
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Figure 1. The diagram of the membrane preparation procedure.
3. Results and Discussion
3.1. Preparation of CA/PEG Membrane Modified with TiO2-NPs.

Nanotechnology is one of the promising materials considering its excellent strength and
excellent performance effectiveness in various aspects such as energy, biotechnology, sensors,
and membranes [23,24]. In line with the development of nanotechnology in the field of
membranes, it becomes an interesting issue in approaching an effective water filtration process
by looking at the aspect of optimizing the retained or retained material to be filtered so that
previously turbid water becomes clear or good quality [25,26]. This research examined
nanotechnology based on nanoparticles categorized into several categories, such as membrane
manufacturing as crystallinity data identified by XRD, chemical elements using FTIR, and
physics with SEM instrumentation. The instrumentations above represent the characteristics of
successfully fabricating the CA/PEG/TiO2 membrane.

Based on Figure 2 can be seen the fabricated membrane based on cellulose acetate (CA)
and polyethylene glycol (PEG) with the same ratio to observe the distribution and durability of
a suitable membrane between SC and B methods when adding TiO2-NPs. Physically, it can be
seen that CA/PEG (Figure 2a) is a control (CA/PEG) before adding TiO2-NPs, which gives a
slightly transparent color compared to those added with TiO2-NPs.

Figure 2. Fabrication of membranes; (a) CA/PEG, (b) CA/PEG/TiO; SC, and (c) CA/PEG/TiO, B.

Figure 2b shows that the membrane fabricating process by the SC method has the
characteristics of a slightly rough membrane surface due to the TiO2-NPs attachment technique
that occurs on the membrane surface randomly (uneven). In addition, the preparation of the
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membrane by B method (Figure 2c) provides a slightly smooth membrane surface because the
distribution of TiO2-NPs is evenly distributed in the membrane grid, so it can be ascertained
that the membrane with the B method for the process of adding TiO2-NPs provides an excellent
visual membrane.

3.2. Characterisation of CA/PEG Membrane modified with TiO2-NPs.
3.2.1. X-ray diffraction (XRD).

The results of membrane crystallinity analysis using the XRD instrument (Figure 3)
showed differences in each membrane's peak intensity. The sharp intensity characterizes the
membrane as semi-crystalline. Membranes with a semi-crystalline model have a good impact
on membrane durability because it also significantly affects membrane durability in addition
to a slightly elastic membrane.

29.7 43.2 48.0 54.0-55.0 62.5 75.0

Intensity (a.u.)

10 20 30 40 50 60 70 80 90

Figure 3. XRD patterns of the fabricated membranes, (a) CA/PEG, (b) CA/PEG/TiO, SC, and (c)
CA/PEGI/TIO; B.

Figure 3 shows that without adding TiO2-NPs (Figure 3a), the intensity at 2 theta 29.7°
characterizes the miller index 311 with the H-titanate model with confirmed H2TisO11.H20
[27]. This condition occurs because the organic materials of CA and PEG form polymers and
have been inserted by sol-gel TiO2-NPs in the membrane matrix that is likely to interact
between materials [28]. In addition, the anatase TiO: crystals were identified at 2 theta of 25°
(101),48.0°(200),54.0(105),55.0(211),62.5°(204),75° (215) and a few rutile TiO2
crystals formed at 43.2° (2 1 0) [29]. Evidence suggests that the CA/PEG matrix and TiO2-NPs
interaction is a Van Der Waals bond where hydrogen bonds are formed between hydroxyl
groups in CA and form a network between OH groups [30].

3.2.2. Fourier Transform Infra-Red (FTIR).

FTIR is used to identify the functional groups of the membrane that have been
identified. Based on the FTIR spectra (Figure 4), it has been characterized from wavenumbers
(cm™) 350 cm-1 to 4000 cm™. The analysis results show that several functional groups are
identified based on the absorption of certain wave numbers of each modified membrane.
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Figure 4. FTIR spectra of the fabricated membranes, (a) CA/PEG, (b) CA/PEG/TiO; SC, and (c) CA/PEG/TIO;
B.

Table 1. Results of FTIR data interpretation.

Wavenumbers Functional Groups CAJ/PEG CA/PEG/TIOz CA/PEG/TIO?
(cm™) SC B
(@ (b) (©
3444.87 -OH N N N
2972.31 Alkane (C-H) (strong) N N -
2879.72 Alkane (C-H) (strong) N N N
2353.16 Alkane (C-H) (strong) N \ \
1639.49 Alkene (C=H) N N N
1467.83 Alkane (C-H) (strong) N N N
1381.03 Aliphatic Alkanes (C-H) N \ -
1284.59 Alkane (C-H) (strong) N N N
1244.09 C-O-C stretching N N N
1109.07 Alcohol, ether, carboxylic acid N N N
(C-0)
952.84 Alkene (C=H) N N N
(strong)

875.68 Cyclo-pyranose (CA) N N -
842.89 Aromatic (C-H) N N N
372.26 O-Ti-O - N N

CAJ/PEG control membrane, CA/PEG/TiO2 SC and B methods have identified several
functional groups formed at wave number 3444 cm™. There is an -OH group derived from CA
and PEG, wavenumbers 2879 cm™, 2353 cm™, 1467.83 cm?, and 1284 cm™* identified C-H
alkane bonds, wave numbers 1639 cm™ and 952 cm indicate the presence of an alkene group
(C=H), and 842 cm™ has the same aromatic group (C-H). Uniquely, the CA/PEG/TiO:
membrane with the B method does not show aliphatic alkane functional groups 1381 cm™ and
pyranose ring. The insertion of TiO2-NPs in the B method affects several chemical bond
structures in CA and PEG organic materials. Whereas in both membranes, namely
CA/PEG/TiO2 SC and B methods, it provides good wave number absorption at 372 cm™
showing the presence of O-Ti-O bonds formed due to the addition of TiO2 material.

The CA and PEG form long-chain aliphatic bonds to form strong polymers, allowing
CA membranes to have good hydrophilicity [31]. CA/PEG-based membrane where water tends
to diffuse as a single molecule rather than groups or aggregates, the effectiveness of the
filtration process goes well. Adding TiO2 to the CA/PEG membrane lattice provides chemical
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strength and functions as a photocatalyst material. PEG can increase gas permeability because
the flexible PEG main chain allows the penetrant to diffuse easily through the membrane

composite.
et + e gt tf:w

PEG-R000
R =H or COCH; Cellulose acetate (CA)

MW, 100 W, acetone
70°C, 20 mins.
,[/,0\/\ ],H“
o tral
o)
7,CH3
R=H or COCH, %CHS

o) :
Hydrogen "‘. ) ," H
bonding - ‘H/{f ‘\/\O‘]:
PEG-cellulose acetate hlend
Figure 5. Chemical bonds of PEG and CA form the membrane polymer.

T,

Figure 5 shows the CA and PEG membrane formation model simulated by [32], which
shows that when PEG is dissolved in acetone and cellulose acetate is added, several bonds are
present, such as -OH bonds derived from hydrogen bonds, aromatic rings (C-H), alkenes
(C=H), and C-O-C. The presence of TiO2 in the CA/PEG membrane influences the membrane
structure, as done by [33], where the membrane is inserted with calcium oxide, forming
intermolecular and intramolecular bonds (Figure 6).

(b)

Figure 6. Formation probability of TiO,-NPs with CA/PEG membrane; (a) intermolecular, and (b)
intramolecular.
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3.2.3. Scanning Electron Microscopy (SEM)

Surface morphology testing and a side view of the membrane were applied against
CA/PEG, CA/PEG/TiO2 SC, and B provide different surface morphology. Based on the surface
morphology analysis (Figure 7a), the CA/PEG control membrane gave a smooth morphology
and slightly formed pores. This density showed that the CA/PEG bond influenced the smooth
structure and small pore density, as shown by the side view morphological characterization
(Figure 7d). The mixture of PEG and CA showed a network structure at low magnification for
all compositions with an even distribution of both phases. Thus, PEG is well dispersed on
cellulose. The smooth effect on the surface of the CA/PEG membrane resulted from the effect
of PEG addition. While the effect of TiO2 with SC method (Figure 7b) shows the appearance
of pores that are numerous and regular.

Figure 7. Surface morphology, ((a) CA/PEG, (b) CA/PEG/TiO, SC, and (c) CA/PEG/TiO; B); Side view
morphology, ((d) CA/PEG, () CA/PEG/TiO, SC, and (f) CA/PEG/TiO; B).

The SC method only affects the surface of the membrane so that it does not affect the
structural level of the side view (Figure 7e). Figure 6c¢ is the surface morphology of the B
method showing TiO2-NPs inserted in the CA/PEG membrane pore lattice, and this is
evidenced in the morphology of the side view of the CA/PEG/TiO2 B (Figure 7f) that white
grains are visible in each membrane pore lattice. Based on research by Kim et al. showed that
the CA/PEG structure forms hollow fibers or structures following the sponge model where the
middle of the membrane forms hollow fibers. This model relates to water being a strong non-
solvent absorbed in the membrane lattice.

In addition, the effect of TiO2 granules affects the formation of membrane pores. This
model gives the effect that the membrane formed a semi-crystalline crystalline model. Where
the crystalline model is indicated by the presence of TiOz, while the amorphous structure of
the effect given by cellulose acetate of the membrane made [32]. The morphological change of
cellulose acetate increases the crystallization ability of PEG and reduces the resistance with
increasing PEG concentration. In addition, the role of hydrogen bonding in the membrane also
affects the material's crystallinity. Hydrogen bonds are further reduced when the presence of
PEG dissolves in organic solvents. Then, quickly, hydrogen bonds from either water or solvent
will easily evaporate and cool down, creating high crystallinity [34].
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3.3. Reverse Osmosis (RO) Filtration

This research developed a simple RO-based filtration device to test the feasibility of the
membrane’s role in desalinating seawater. The designed tool is shown in Figure 8. Based on
Figure 8, it can be seen that the filtration device is made of a 2-inch diameter PVVC pipe, which
is then divided into 3 tubes (compartments), each of which has a function. First, tube 1 stores
feed (sample) water pre-treated with activated charcoal. Next, the water enters the 2nd tube
system containing sand, stone, charcoal, and palm fiber for seawater filtration. This function
also reduces seawater hardness levels and some impurities in the water. According to Sudrajat
etal., this combination of filter materials allows the absorption of pollutants contained in water,
such as odor, color, small particles, and other chemicals.

This tool is used where water enters the 1.5-liter tube 1 compartment and flows into
tube 2 with a pump to enter the water in the initial filtering process. Sand in tube 2 serves to
remove mud, soil, and small particles [35]. Stone and charcoal channel coarse particles in the
water and charcoal channels or remove odors and toxins in water and clean water [36].
Furthermore, tube 3 consists of synthesized membranes, namely CA/PEG, CA/PEG/TiO2 SC,
and CA/PEG/TIiO2 B, which are tested alternately to see the optimization of the seawater
desalination process. Tube 3 is also equipped with a UV lamp that activates the performance
of TiO2 material to increase the ability to photodegrade harmful organic compounds. On the
other hand, UV lamps also reduce the bacterial content in water samples so that water is free
of microorganisms. The final result obtained by the filtered water can be harvested through the
outlet channel.

Figure 8. Design of a simple RO-based seawater desalination device.
3.4. Membrane performance test.
3.4.1. Water Flux Identification.

Flux value is the amount of permeate volume that passes through the membrane in one
unit surface area of the membrane made under certain time conditions and supported by the
pressure force of the RO water filtration system. Some factors that affect the flux value are
membrane composition (membrane type) and the pressure applied. Flux testing on the
membrane to see the rate of permeate velocity when the filtration process takes place. This is
also influenced by the membrane pores. The larger the membrane pores, the more water
molecules are missed; this is also the better the membrane permeability value, or the higher the
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water flux value, the better the membrane permeability value. Factors that affect flux flow
include membrane composition and pressure. The greater the pressure, the greater the flux
produced. The pressure used in this study is constant at 10 bar. The driving force exerted causes
pressure on seawater molecules so that the volume of brackish water passing through the
membrane per unit area per unit time increases [37].

Based on the experimental results, it shows that the value of the volume of water
produced has different variations from each membrane. This can be seen in Table 2 and Figure
9. Based on the CA/PEG membrane, the volume produced is 0.19 liters with a flux value of
98.80 L/m?2.h. These results explain that the CA/PEG membrane has a small porosity, so the
water passing through the membrane is less than the two membranes modified with TiO2
material. The TiO2-modified CA/PEG membrane with SC method increased in flux value of
130 L/m2.h, and the membrane with B method has a large value compared to the two
membranes, which is 161.20 L/m?.h. The greater the flux value, the greater the permeability
value. The greater the flux value, the better the permeability value because the amount of
permeate passed in a certain time is greater. The size of the pores in CA/PEG/TiO2 B affects
the seawater desalination process because the addition of TiOz2 gives the effect of strength and
increases the filtering process so that salt components can be absorbed in the pore lattice of the
membrane with the B method. TiO2 has a role in inactivating microorganisms in water,
increasing hydrophilic properties, and overcoming harmful organic matter. Therefore, the
simultaneous addition of TiOz material can play an important role in simultaneously increasing
the hydrophilicity and porosity of the membrane.

Table 2. The result of identifying the calculation value of membrane flux value.

Q : r 2 (2
Treatments (Liter) d (diameter) (m) (radius) (m) rz (m?) n A t (hour)
CA/PEG (Control) 0.19 0.07 0.035 12.25 x 10 3.14 38.465 x 10 0.5
CA/PEG/TiO2 (SC) 0.25 0.07 0.035 12.25 x 104 3.14 38.465 x 10 0.5
CAJPEG/TIiO2 (B) 0.31 0.07 0.035 12.25 x 104 3.14 38.465 x 10 0.5
180
161.1854933
160
. 140 129.9883011
<
T 120
:,; 100 98.7911088
E
= 80
>
E 60
L 40

[
(=]

(=]

CA/PEG CA/PEGITIO2 (SC) CA/PEGITIO 2(B)

(Control)

Treatments
Figure 9. Calculation of flux values of each membrane
3.4.2. Salt rejection.

The synthesized membrane was then tested for its ability to salt rejection. The salt
rejection calculation aims to observe the membrane's ability to hold, filter, and or pass certain
organic substances contained in seawater. This determination of salt rejection can be expressed
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as the selectivity of a membrane where a membrane with good ability can reject salt well or
retain inorganic/organic components in seawater. Several factors can affect the membrane's
salt rejection performance, such as dissolved particles, membrane pore size, and the size of
particles passing through the membrane. Table 3 is the result of the salt rejection analysis of
each membrane.

Table 3. Calculation of salt rejection value from membrane testing.

Cp Co
Treatments (Permeate (Seawater concentration; Salt rejection (%0)
concentration; %o) %0)

Pretreatment 25 32 22%
CA/PEG (Control) 10 25 60%
CA/PEG/TIiO2 (SC) 5 25 80%
CAJ/PEG/TiOz (B) 4 25 84%

Based on Table 3, it can be seen that the identification of salt rejection from each
membrane is different. The filtering material consisting of sand, stone, charcoal, and palm fiber
has the ability to filter salt from seawater from 32%o to 25%.. It can be assumed that the filtering
material can reject salt by 7%o0. When the CA/PEG membrane is added as a control, it can be
affected by 60%, where the Co value of 25%o is the result of the permeate concentration passing
through the filtering material. Likewise, the CA/PEG/TiO2 SC and B membranes have a salt
rejection value of 80% and 84%, respectively. The higher the salt rejection, the better the
membrane can hold, filter, and pass certain organic substances contained in seawater. The role
of TiO2-NPs combined with CA/PEG functions in retaining the salt contained in seawater has
a function to reduce salinity because the presence of TiO2-NPs activates the membrane pores,
which have a dual function as a barrier/filter and absorber.

3.4.3. pH test.

Determination of the initial pH value of the seawater was examined to see the decrease
in pH before and after the filtration process. The pH analysis of the seawater was initially
identified to see the effect of the decrease in pH due to the filtration process. Based on Figure
9, it can be seen that the filtration process using the filtering material experienced a good
decrease in pH to 8, while the role of CA/PEG, CA/PEG/TiO2 SC, and B membranes
experienced a decrease in pH of 7.9, 7.8, and 7.8.

8.4
8.3
8.2
8.1

8.3
8
8
7.9
79
7.8 7.8
7.8
77
78
7.5

Seawater Pretreatment  CA/PEG ~ CA/PEG/TiO2 CA/PEGITIO2
(Control) (SC) (B)

pH value

Treatments

Figure 10. Results of pH determination of seawater desalination process.

Filter materials positively reduce pH because the role of sand, stone, charcoal, and fiber
provides a good variation in acid-base conditions. Sand influences acidity due to the presence
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of SiO2 forming monosilicic acid Si(OH)4 [38]. In addition, other inorganic elements in the
sand, such as Al203, meet with NaOH from seawater to form acid [39]. Figure 9 shows a
decrease of 0.3; 0.1; 0.2, and 0.2, respectively. TiO2-NPs have a good effect in reducing pH,
although not too significant with filter material. TiO2 has the ability as a weakly acidic
inorganic metal consisting of one or more inorganic compounds to form hydrogen ions and
conjugated base ions when dissolved in water [40,41].

3.4.4. Salinity test.

One of the physical parameters that can be used as a water quality parameter is salinity
or salt content. Salinity is determined using a refractometer. The salt content of seawater is the
weight in grams of all solids dissolved in 1 kg of seawater; if all inorganic ions (bromine and
iodine) are replaced with an equivalent amount of chlorine, all carbonates are converted to their
oxides and all organic substances are oxidized. The measurement of salt content is related to
chlorinity. This chlorinity includes chloride, bromide, and iodide. High and low salinity are
influenced by several factors, namely temperature, evaporation, rainfall, and the number of
rivers that empty into the sea, which affect the concentration of solutes and solvents. The higher
the solution concentration, the higher the absorbency of the salt to absorb water. The salt
content can be determined using a conductometer, salinity meter, turbidity meter, or electrode
Sensor.

35% Seawater

30-35%.
30%s

25%0
20%. Brackishwater
5.0-30%.
15%o
10%o
5%
Freshwater
0%

Seawater ~ Pretreatment  CA/PEG CNPEG/T i02 CA/PEG/TIOz
(Control)

Salinity (%o)

Treatments

Figure 11. Results of salinity content under seawater desalination process.

Table 4. Classification of water salinity based on several researchers.

Classification of Seawater Salinity by [42] Groundwater Classification Based on Salinity by
[43]
Salinity index (%o) Salinity Type Salinity index (%o) | Salinity Type
Freshwater

0.5-5.0 Freshwater <0,5 Freshwater

0,5-3,0 Oligohaline
Brackishwater

5.0-30 Brackishwater 3,0-16 Mesohaline

16 - 30 Polyhaline
Seawater
30-35 Seawater 3020 | Marine

Based on the identification of salinity contents (Figure 11) that have been passed
through the filtering process (desalination) shows a decrease in seawater salt content
respectively by 25%o filter material, 10%0 CA/PEG membrane control, 5%0 CA/PEG/TiO2 SC,
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and 4%o. CA/PEG/TiO2 B. This decrease, when compared to the classification of seawater
salinity (Table 4), shows that the water that has been treated using CA/PEG/TiO2 SC and B
membranes was categorized as freshwater. When referring to research, this result is that the
filtered water is categorized as brackish water with mesohaline salinity type, which is water
that falls into the surface water category that still has mineral content.

4. Conclusions

CA/PEG membrane modified with TiO2-NPs has been synthesized through SC and B
methods. The results show that the B method performs well in desalinating seawater. The
results are shown in the form of semi-crystalline with good porosity in filtering seawater with
the value of water flux and salt rejection, which has a good value in holding the salt content in
seawater. Design of seawater treatment equipment reverse osmosis system into clean water
using CA/PEG/TiO2 membrane B method provides a good ability to reduce salt content in
seawater. The processing system is based on 3 compartments, namely seawater storage tubes,
filter material tubes, and TiO2-modified CA/PEG membrane tubes, with the addition of UV
light. The role of TiO2 has a significant effect on permeate water quality.
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