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ABSTRACT

An unsustainable level of contamination increase is driven by industrialization, population growth
and growth in developing countries. Contamination of heavy metal ions in wastewater such as Pb
(1) are non-biodegradable and poses a serious threat to human health and other living things. One
of the major methods for treating heavy metals contamination is by chemical precipitation.
However, it produced hazardous sludge that requires further treatment and used a significant
quantity of chemicals during the heavy metals treatment process due to its low impact on the
environment. As a result, a membrane filtration method as an alternative treatment for treating
heavy metals in wastewater has been investigated. In this study, the membranes were fabricated
using the wet phase inversion method approach by incorporating polysulfone (PSF) polymer with
dimethylacetamide (solvent) and inclusion of different concentrations of sodium dodecyl sulfate
(SDS) (M1= 0 wt%, M2= 0.5 wt%, M3= 1.0 wt%, M4= 1.5 wt%, M5= 2.0 wt%). The fabricated
membranes were tested to remove 50 mg/L Pb (ll) ions in aqueous solution. Scanning electron
microscopy (SEM) was used to investigate the morphological structures of membranes. Moreover,
the structural characteristics of fabricated membranes were evaluated according to these
parameters; contact angle, porosity and mean pores radius. Furthermore, the performance of the
membrane was also evaluated for permeation and rejection flux by using dead-end cell filtration.
The results indicate that the M4 membrane with 1.5 wt% SDS had the highest rejection rate
(90.52%) for Pb (l1) ions. This is likely due to the presence of macrovoids and a porous structure,
as shown by SEM analyses. Other supporting evidence includes a lower contact angle (63.91°),
higher water uptake (43.58%), higher porosity (85.21%), and a lower mean pore radius (6 nm) for
the M4 membrane. The fouling mechanism model suggests that the complete blocking observed
in the experimental data indicates that porous blockage occurred on the membrane's surface
during the absorption of Pb (Il) ions. In conclusion, compared to the pure membrane, it becomes
evident that the addition of SDS into the membrane solution enhanced the properties of the
membranes. The M4 membrane with a composition of 1.5 wt% concentration SDS demonstrated
optimal filtration for removing Pb (Il) ions in a water treatment process due to excellent properties
mentioned above.
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Introduction

The aquatic species that are harmed by the
hazardous contaminant discharged in wastewater
can make ordinary waterways unsuitable for
drinkable water sources. The heavy metals that
contaminate water supplies are harmful to humans
and other living things [[1], [2]]. In this paper, we are
focusing on removal of heavy metals contamination
in synthetic wastewater.

The majority of heavy metals contamination
comes from industrial effluent, including from
mining, metal finishing, fertilizer production,
electroplating and petroleum refineries [[1], [2], [3]].
The example for heavy metals are arsenic, cobalt,
chromium, copper, nickel, lead, titanium, strontium
and mercury. Even at low metal ion concentrations,
almost all heavy metals are harmful to humans a
living thing. Excessive exposure to heavy metals may
cause a variety of diseases such as osteoporosis,
cardiovascular problems, and gastrointestinal and
renal toxicity [4]. Additionally, these heavy metals
are nonbiodegradable, which makes them more
challenging to remove from water surfaces.
Therefore, the measurement and understanding to
control the heavy metals contamination in
wastewater are essential.

Chemical precipitation is a common method for
treating water. However, this method created a
significant volume of hazardous sludge that needed
to be treated later and required the application of
several chemicals for their treatment before they
could be properly disposed [[5], [6], [7]]. Therefore,
a focus is being placed on an innovative membrane
filtering technology treatment since it offers a
sustainable and low-energy process for removing Pb
(I1) ions.

The primary structural chain of polysulfone (PSF)
is mostly made up of benzene rings connected by
sulfonyl (-SO2-), ether (-O-) and isopropylidene (-
C(CH3)2-) groups [8]. The researchers are interested
in PSF polymeric membranes because of their
exceptional stability, high mechanical strength and
excellent thermal properties [[8], [9]]. However, the
PSF membrane's hydrophobic characteristics affect
a number of its potential and make it less effective
in the water purification process [[8], [10], [11]].
Furthermore, PSF membranes have minimal water
flow and can significantly increase membrane
fouling because of their hydrophobicity [[12], [13],
[14]]. Hence, to improve the hydrophilicity feature in
PSF membrane, it is crucial to amend hydrophilicity
modification [[15], [16], [17]]. Therefore, the

inclusion of PEG as a hydrophilic
nanomaterial was used as an additives.

In this study, we aimed to enhance the ability of
the PSF membrane by altering the surface of PSF
with SDS anionic surfactant to have better removal
of Pb (ll) ions. Due to the existence of hydrophobic
interactions, it should be highlighted that the alkyl
chain of the surfactant is a significant feature that
substantially determines the adsorption behaviour
and the structure of the adsorbed layer [[18], [19]].
The amphiphilic nature of SDS surfactant allows it to
aggregate and form micelles at a certain
concentration (referred to as the critical micelle
concentration (CMC)) as well as to adsorb at
interfaces of polymer chains and modify their
characteristics [20]. SDS surfactant is used in
remediation  technologies based on the
aforementioned strengths. Specifically, the capacity
to assemble at interfaces promotes the desorption
and mobility of contaminants, whereas their ability
to micellize and incorporate the contaminants into
aggregations makes it much easier to remove and
further separate contaminants that have been
trapped inside micelles [[21], [22]].

To preserve river ecosystems and ensure the
long-term survival of both human and aquatic life, a
sustainable wastewater treatment process using
membrane filtration is suggested in this study. This
research used PSF as polymeric membrane mixes
with different concentrations of SDS (0.5, 1.0, 1.5,
2.0 wt%) in preparation of membrane dope solution
via phase inversion method. This study aims to
investigate the influence of SDS as an ionic
surfactant in developing the morphology properties
and performance of the membranes.

inorganic

Experimental part

2.1. Material

The polysulfone (PSF) (C27H24Cl1,04S),
polyethylene glycol (PEG) (CanHan+20n+1) and sodium
dodecyl sulfate (SDS) (CHs(CH,)110SOsNa) were
purchased from Sigma-Aldrich (United States,
American). Dimethylacetamide (DMAc) (C4HsNO)
and lead nitrate ((PbNO,);) were from Merck
(Selangor, Malaysia) and distilled water.

2.2. Fabrication of PSF/GO membrane

The wet phase inversion method was used to
prepare the fabricated membrane solution. Table 1
is a summary of the dope solutions composition. The
requisite amount of PEG was put into the media
bottle containing DMAc solution and the mixture
was agitated until homogenous at 60°C before PSF
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were added. The solution continues agitated for 8
hours. To verify there were no air bubbles in the
mixed solution, the solution was left undisturbed at
room temperature for at least 1 hour. The casting
membrane was cast by feeding dope solution onto a
casting blade with 250 m thickness. The solution
then was drawn with a consistent pace on a glass
plate. The glass plate containing the casting
membrane was immersed in a coagulation batch
containing distilled water overnight before cutting
to a small circle size of 5x5 cm for storage.

Table 1 - Fabricated PSF membrane dope solution

Composition (wt %)

Membrane
PSF PEG DMACc SDS

PURE

M1 PSE 16 10 74 0

M2 SDS 0.5 16 10 73.5 0.5
M3 SDS 1.0 16 10 73 1.0
M4 SDS 1.5 16 10 72.5 1.5
M5 SDS 2.0 16 10 72 2.0

Notes: PSF=Polysulfone, PEG=Polyethylene glycol, DMAc=
Dimethylacetamide, SDS= sodium dodecyl sulfate

2.3. Characterization of fabricated membrane

2.3.1. SEM analysis

SEM was employed by HITACHI TM3000 to
examine the cross section of morphology
membranes. The membranes were submerged into
a nitrogen liquid to be frozen for 5 to 10 minutes.
After being shattered, the membrane structure was
preserved. At 10 and 25 kV, the images were
captured under extremely high vacuum conditions.

2.3.2. Contact Angle

The hydrophilicity of the membrane was
evaluated using contact angle goniometer. The
membrane samples were placed on glass slide with
double tape. The micro syringe was used to drop 10
ul of methylene blue solution onto the membrane
surfaces at room temperature. Thereafter, the
images of water droplet with membrane surface
were analyses by Imagel.JS images software [20].

2.3.3. Water uptake

The water uptake test was performed to
evaluate the amount of water absorbed by
fabricated membranes. The wet membranes were
weighed using analytical balance before dried up in
an oven at 60°C for 24 hours to measure dry
membrane weight. The water uptake
measurements of three membrane samples were

averaged. Equation 1 below was used to calculate
the water uptake of the samples [20];

% uptake = (*:2) x 100 (1)

]

Where W; indicated the weight of wet state
membrane (g) and W, indicated the weight of dry
state membrane (g).

2.3.4. Porosity

An analytical balance was used to measure the
wet weight while the membrane is wet. The dry
membrane weight value was taken by drying a
membrane in an oven for 24 hours at 60°C. An
averaged value of three membrane samples were
recorded. The following equation used to evaluate
the porosity using the data taken [20];

wi-wj
Porosity, & = Wl_‘ﬁ% x 100% (2)

Pw Pm

Where, W; indicated the weight of wet state
membrane (g), W; indicated the weight of dry state
membrane (g), pw is the density of distilled water
(0.998 g/mL) and pn is the density of polymer (PSF =
1.24 g/mL)

2.3.5. Mean Pore Radius

The mean pore radius of the membranes is
determined based on the membrane porosity and
pure water flux values. The Guereout—Elford—Ferry
equation was used to calculate the mean pore radius

[20];
_ |(29-1.75¢) x 8111Q
Tm_\} £ X AXAP (3)

Where n is the water viscosity (8.9 x 10 Pa.s), |
is the membrane thickness (m), Q is the volume of
permeate water per unit time (m3/s), A is the
membrane area (m?), and AP is the operational
pressure (Pa).

2.4. Performance Studies for Humid Acid
Removal

2.4.1. Permeation flux

This process was performed using a dead-end
cell membrane module as shown in Figure 1. The
membrane was cut 5x5 cm into a circle shape to fit
in the flat sheet membrane separation unit. The
procedure was done by passing feed through the
membrane. The 2 bar pressure reservoir is used in
the membrane. The permeation flux was calculated
using the equation below [20];
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o= (4)

Where Jy is the pure water flux (PWF), V is the
permeate volume, 4t is the permeate time (h) and A
is the area of membrane (m?).

Dead end cell Permeate

~a collector

;/-\! ’J_L“i Weighing

balance

Nitrogen gas tank

Figure 1 - Dead-end cell membrane module for
permeation testing diagram.

2.4.2. Rejection test

For the rejection test, Pb (Il) ions aqueous
solution was used as a solute to analyse the solute
rejection membranes. The permeate for Pb (II) ions
was measured with Induced Coupled Plasma Optical
Emission Spectroscopy (ICP-OES Agilent 1100) at 187
nm wavelength. The solute rejection is defined as
[21];

%R:( —g—i)xmo (5)

Where, C; is the Pb (Il) ions concentration in the
permeate and Cs is the Pb (Il) ions concentration in
the feed.

2.5. Fouling and kinetic studies

2.5.1 Fouling study

The fouling analysis of each membrane involves
three stages. The first stage, lasting for 30 minutes,
focuses on measuring the pure water flux (JWF2).
The second stage involves aqueous filtration of Pb
(1) ions, and the third stage, also lasting for 30
minutes, involves washing the membrane with
distilled water (JWF2). The average values obtained
after these three stages are measured and used to
determine the membrane's fouling resistance. In
this analysis, equations (6) and (7), as described by
[20], are utilized to calculate the relative flux
reduction (RFR) and fouling resistance ratio (FRR).

RFR (%) = (1 - ]fﬁ)x 100% (6)

WF

Where, RFR was relative flux reduction, Jrs was
Pb (ll) ions permeate flux and Jwr was the initial pure
water flux.

FRR (%) = ’]VVVV—F;X 100% (7)

Where FRR was the fouling resistance ratio and
Jwr2 was the pure water flux after the washing step.

2.5.2. Kinetic studies

Hermia's blocking models were utilized to
analyze the experimental data and identify the
predominant fouling mechanism in this filtration
process. The fouling equations for complete
blocking (8), standard blocking (9), intermediate
blocking (10), and cake filtration (11) mechanisms
are provided in Table 2.

Table 2 - Four types of fouling mechanisms and their
equations

Fouling mechanism Equations
Complete blocking, b J = Joe kvt (8)
Standard blocking, s J= Jo
. L a2
(1+%00) (9)
2
Intermediate J= Jo
blocking, i 1+ ko (10)
Cake filtration, ¢ J = Jo
- 1
(1+2kgj2)? (1)
Notes;

Jo — initial flux,
t —time taken (min),
k — fouling parameter for each fouling mechanism

Results and Discussion

3.1. Characterization of PSF/SDS membrane

3.1.1. SEM analysis

Scanning electron microscopy was used to
photograph membrane morphology. The membrane
revealed as the concentration of SDS increases, the
membrane morphology transformed to a thin skin
layer, finger-like porous and macrovoids upon
analysis of the cross-sectional structure membrane.
As seen in Figure 2, the pure membrane, M1 has a
thick dense layer and a sponge structure with few
isolated close-end drop-like pores. In fabricated
membranes, the M2 membrane with total 0.5 wt%
of SDS concentration displayed the drop-like holes
were displaced by irregular porous and larger
macrovoids at the bottom of the cross-section
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surfaces, yet, the sponge sections are still present.
Moreover, finger-like structures that potentially
increase water permeability emerged in the M3
membrane at the top layers and the larger
macrovoid in the bottom layer. Furthermore, at
membrane with concentrations 1.5 wt% and 2.0
wt% SDS (M4 and M5), the formation of a narrow
finger-like structure became more elongated and
had an enormous channel of macrovoids.

The interaction of PSF-SDS complex attributed
to the suppresses in the development of finger like
structure in the interlayer. In addition, the free
micelles that may separate from polymer chains
during the immersion process might result in
enormous macrovoids inside the membrane
structure. Moreover, the rapid demixing of the
membrane solution leads to the creation of the
porous structure with finger-like macrovoids while
the delayed demixing of the membrane solution
leads to the bicontinuous sponge-like structure. The
slower rate exchange of solvent and nonsolvent
during the phase inversion process leads to smaller
pores and a spongy structure and more drop-like
pores which can change the membrane
permeability, in contrast to rapid exchange rate
solvent and nonsolvent resulted in larger pores,
more finger-like pores structures as well as more
channel available.

irregular pores

Figure 2 - The SEM analyses for cross-section (x250)
morphology on fabricated membrane (a= pure PSF; b=
0.5 wt%; c= 1.0 wt%; d= 1.5 wt%; e= 2.0 wt%)

(c) M3 (d) M4

(e) M5

Figure 3 - The images of contact angle for all fabricated
membranes (M1= pure PSF; M2= 0.5 wt%; M3= 1.0 wt%;
M4= 1.5 wt%; M5= 2.0 wt%)

3.1.2. evaluations on fabricated
membranes

Table 3 summarizes the contact angle, porosity
and mean pore radius of the fabricated membrane.
The angle that forms between water droplets and
membrane surfaces is known as contact angle. The
membrane's hydrophilicity may be assessed by
measuring contact angle. The membranes were
referred to as hydrophilic if the contact angle
measurement was >90° and vice versa [21]. Figure 3
shows the images of the contact angle for each
fabricated membrane. Results show the pure
membrane M1 had the highest value 66.39° of
contact angle than other membranes which
revealed the characteristic of PSF membrane as a
hydrophobic polymer. Among the fabricated
membranes, the M5 membrane with 2.0 wt% of SDS
concentration has the lowest contact angle value of
46.33° which indicates that the membrane surface
has the highest hydrophilicity. This result showed
the addition of hydrophilic inorganic compound,
PEG and hydrophilic surfactant, SDS giving an effect
on the membrane surface properties. The O-H
hydroxyl group facilitates the linkage of hydrogen

Physical
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bonds between water molecules on the membrane
surface, which increases the membrane
hydrophilicity [[22], [23]]. The increment of SDS
concentration causes the membrane surface to
become more hydrophilic. Therefore, the overall
contact angle for all the membranes was arranged in
descending order M1> M2> M3> M4> M5 with value
66.39°>  55.88°>  48.82°>  47.92°>  46.33°,
respectively.

Studying water uptake is a dependable method
to gain insights into the hydrophilic properties of a
membrane. The level of hydrophilicity on the
membrane surface greatly influences the amount of
water absorbed and if the polymer contains
macrovoids. The research findings indicate that an
increase in SDS inclusion leads to higher water
uptake by the membrane. Generally, measuring
water uptake aligns with porosity. An increase in
membrane  porosity  strongly  suggests a
corresponding increase in water uptake, indicating a
greater hydrophilicity of the membrane surface.

The modification of membrane morphology was
guantified by calculation of membrane porosity. The
overall porosity value increased with an increase in
SDS concentration. The porosity value for M1, M2,
M3, M4 and M5 were 73.35%, 83.33%, 84.48%,
85.21% and 85.30%, respectively. According to the
findings, the pure membrane M1 had a lower
porosity value than other membranes treated with
SDS. this demonstrated the inclusion of SDS
modified the structure and morphology of the
membrane. This conclusion has been proved by
FESEM analysis that have been discussed in Figure 2
above.

Furthermore, the mean pore radius value for
pure membrane (M1) was much smaller (3 nm) than
the membrane containing SDS. This is due to the
hydrophobic characteristic of polymeric PSF that
enable the prevention of water to passing through
the pure membrane and give effect on membrane
permeability. Among the membranes treated with
SDS, the pore size was improved with increasing SDS
concentration to 1.0 wt%. However, the pore size
started to decrease at 1.5 wt% concentration of SDS.
This is because of the delay in demixing of solvent
and non-solvent during the immersion phase due to
the presence of the PSF/SDS complex which
enhanced the finger-like structure in the sub-layer
membrane. As a consequence, the pore size on the
membrane surface decreases. Based on other study,
the decreasing in membrane pore size enables in
high rejection of solutes [20].

Table 3 - Summary of contact angle, water uptake,
porosity and mean pore radius of fabricated membrane.

Memb | Contact Water Porosity Mean
ranes angle uptake (%) pore
(°) (%) radius
(nm)
73.35+
M1 66.39 33.29 0.09 3
83.33 ¢
M2 55.88 39.01 0.09 8
84.48
M3 48.82 41.28 0.04 10
85.21+
M4 47.92 43.58 0.15 6
85.30 ¢
M5 46.33 44.22 0.07 7

Notes; M1= pure PSF, M2= 0.5 wt% of SDS, M3= 1.0 wt%
of SDS, M4= 1.5 wt% of SDS, M5= 2.0 wt% of SDS.

3.2. Membrane performance studies

3.2.1. Permeation flux

Table 4 displays the summary of membrane
performance on permeability testing. The
comparison of permeation flux for pure water flux
(PWF) and Pb (II) ions flux was also present in Table
4. The PWF was testing by dead-end cell filtration
with 2 bar pressure in a nitrogen atmosphere.
Results showed the PWF for pure membrane
exhibited the lowest flux due to the hydrophobic
characteristic of the polymer membrane. Among
fabricated membranes, the PWF increased when the
amount of SDS concentration increased at a total of
1.0 wt% SDS. However, the water flux rate appeared
to deceases in the concentration of 1.5 wt% and 2.0
wt% SDS. Water flux rates can be arranged in
descending order for all the membranes
M3>M2>M5>M4>M1  with  water flux rates
20.46>13.60>9.83>6.19>1.66 g/m?h, respectively.

The increase of water flux after the addition of
SDS in membrane dope solution is due to the
hydrophilicity improvement on the fabricated
membrane surface. Meanwhile, the decrease of
water flux at SDS with high concentration can be
related to the size of the mean pore radius on the
membrane surface as shown in Table 4. The smaller
pore size gives an effect on the lack of water flow
permeating through the membrane at one time.
According to FESEM analyses on the cross-section
morphology that were shown in Figure 2, the images
displayed the narrow finger like structure on M4 and
M5 which indicated the reason for the permeability
rates of water flux through the membrane.

The Pb (Il) ions feed aqueous solution were
tested at 2 bar pressure in a nitrogen atmosphere
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and displayed a similar sequence with PWF flux. The
pure PSF membrane has the lowest Pb (ll) ions flux
1.61 g/m?h, followed by M4< M5< M2< M3 with Pb
(1) ions flux of 3.06< 9.13< 10.95< 19.88 g/mh,
respectively. The addition of SDS to PSF membrane
dope solution gives the formation of finger-like
pores and macro-void structure on the morphology
of the membrane. Hence, we can conclude the
addition of SDS to the fabricated membrane
increases membrane water flux better than the pure
membrane, M1.

Table 4 - Summary of PWF, Pb (ll) ions flux, Pb (Il) ions
concentration (ppm) and Pb (ll) ions rejection after
filtration process using dead end cell for fabricated
membranes

Memb PWF Pb (I1) Pb (1) ions Pb (I1)
rane flux ions flux concentrati ions
(g/m?h) | (g/m?h) on Rejection
(ppm) (%)
M1 1.66 1.61 44.72 10.56
M2 13.20 10.95 23.49 53.02
M3 20.46 19.88 26.63 46.74
M4 6.19 3.06 4.74 90.52
M5 9.83 9.13 11.24 77.52

Notes; PWF= Pure Water Flux, PB= Lead, M1= pure PSF,
M2= 0.5 wt% of SDS, M3= 1.0 wt% of SDS, M4= 1.5 wt%
of SDS, M5= 2.0 wt% of SDS.

3.2.2. Rejection

The Pb (Il) ions rejection of fabricated
membranes was shown in Figure 4. The membrane
treated with SDS removed more Pb (1) ions compare
to a pure membrane. Among the fabricated
membrane, the rejection of Pb (ll) ions increased
when the amount of SDS concentration increased at
a total of 1.5 wt% SDS (M4). However, after the SDS
concentration is increases to 2.0 wt% (M5), the
rejection of Pb (ll) ions became slightly decreases.
The M4 membrane had the maximum removal of
90.52% for Pb (ll) rejection compared to other
membranes even though it had a lower penetration
flux. This is due to the production of the PSF-SDS
complex and the deposition of the SDS polarisation
layer that stops it from passing through the
membrane [22]. Despite having a higher SDS
concentration, the M5 membrane had lower Pb (l1)
removal than the M4 membrane. This is because, at
2.0 wt% of SDS concentration, the micelles deform
close to the membrane surface, allowing metal ion-
containing micelles to pass through the membrane
and resulting in having a lower removal performance
than the M4 membrane. The rejection of Pb () ions

was followed by M1<M3<M2<M5<M4 with
rejection values of 10.56<46.74<53.02<77.52<90.52
per cent rejection.

Pb (II) ions rejection (%)
E

Membrane

HEPURE DOSDS05 MmSDS10 ®SDS15 @msSDS2.0

Figure 4 - The Pb (Il) ions rejection for fabricated
membranes (M1= pure PSF; M2= 0.5 wt%; M3= 1.0 wt%;
M4= 1.5 wt%; M5= 2.0 wt%)

3.3 Fouling and kinetic studies

3.3.1 Fouling studies

A study was conducted to examine membrane
fouling, which is a drawback in membrane filtration.
In this analysis, the reversible fouling ratio (RFR) and
flux recovery ratio (FRR) were investigated. A higher
RFR value indicated a larger accumulation of Pb (Il)
ions on the membrane surface, which then adsorbed
onto the membrane pore [20]. Additionally, a lower
FRR value indicated a higher susceptibility to
membrane fouling. The fouling analysis of all the
produced membranes is illustrated in Figure 5.

According to Figure 5, the membrane containing
SDS has better resistance to fouling compared to the
pure membrane. Among the membranes tested, the
M4 membrane has the highest RFR value (33.57%),
indicating a higher deposition of Pb (Il) ions on its
surface. Previous research has shown that
membrane fouling can be influenced by factors such
as surface  morphology, roughness, and
hydrophobicity [20]. Membranes with higher
porosity are more prone to pore clogging, resulting
in lower permeation flux and increased fouling. The
RFR values for the M1, M2, M3, M4, and M5
membranes are approximately 55.20%, 13.00%,
14.46%, 33.57%, and 26.34%, respectively.

After thoroughly rinsing the membrane with
distilled water, the secondary water flux was
measured. The membrane's morphology can impact
the FRR values, as the Pb (ll) ions can easily get
trapped on the membrane's surface and pores,
making it difficult to clean the membrane. The FRR
values for M1, M2, M3, M4, and M5 were 44.47%,
87.43%, 81.24%, 73.54%, and 72.96%, respectively.
Except for the pure membrane, M1, the FRR values
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were higher than the RFR values. This could be
attributed to the formation of a micellar gel layer
due to the increased SDS concentration. The
adsorption of Pb (ll) ions onto the SDS gel layer
effectively removed the ions, while particle
aggregation led to larger micelles and higher FRR
levels [21].

100
80
60
40

20

M1 M2 M3 M4 M5

Membrane

ORFR % EFRR %

Figure 5 - Membrane fouling for reversible fouling ratio
(RFR) and flux recovery ratio (FRR)

Conclusions

In this study, the PSF polymer membrane was
fabricated with different concentrations of SDS (0.5
wt%, 1.0 wt%, 1.5 wt% and 2.0 wt%) and DMAc
solvent. Our results suggest the addition of SDS into
the membrane solution enhanced the properties of
the membranes. The results show that fabricated
M4 membrane with the addition of 1.5% of SDS had
greater results for Pb (Il) removal from aqueous
solution with 90.52% rejection due to the presence
of macrovoids and a porous structure, as shown by
SEM analyses. In addition, the fouling mechanism

model suggests that the complete blocking observed
in the experimental data indicates that porous
blockage occurred on the membrane's surface
during the absorption of Pb (ll) ions.
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TYRIHAEME

JlacTaHy AeHreniHiH ecyiHe MHAYCTPUANAHABIPY, Xa/blK CaHbIHbIH, ©CYi XaHe AamyLbl engepaeri
damy ceben 6onagbl. Pb (Il) cuAKTbl ayblp MeTangap MOHAAPbIMEH NacTaHfFaH afblHAbBI Cynap
610N0rUANBIK, biAbIPaMaiAbl }KIHE afaM AeHCay/blFbiHA XKaHe backa Aa TipLWinik nenepiHe ynkeH
Kayin TeHaipeai. Ayblp MeTanaapmeH nactaHyMeH KypecyaiH, Herisri agictepiHiH, 6ipi XMMuANbIK
TYHAbIPY 60n1bIn Tabbinagpl. ereHmeH, 6yn aAicTi KONAaHFaHAA apbl Kapall eHAEYA] KaKeT eTeTiH
KayinTi nan naipga 6onagbl. KopwaraH opTafa acepiHiH, TemeH 60sybiHa 6alinaHbICTbl ayblp
MeTangapabl eHaey npoueciHae XMMUANBIK 3aTTap Ken nanganaHbiiagsl. OcbiFaH 6alinaHbICTb
afblHAbl CynapAafbl ayblp MeTangapAbl TasapTyablH, 6anama agici peTiHae membpaHanbik
dunbTpauma agici 3eptrengi. byn 3eptreyge membpaHanap gumetunauetramuaneH (epiTkiw)
nonncynbdoHapl (MNCP) nonumepai KaHe HaTpuii gogdeumn cynbdatbiHbiH, (SDS) apTypAi
KOHLLEHTPALMACLIH KOCY apKblibl biaFan ¢asanblik MHBEPCUA dAICIH KONAaHa OTbIpbIN Kacangbl
(M1 = 0 macca %, M2 = 0,5 macca %, M3= 1,0 macca %, M4= 1,5 macca %, M5= 2,0 macca %).
[OaitbiHaanfaH membpaHanap cynbl epitiHgigeri 50 mr/a Pb (I) MOHAAPbIH KO0 YLWiH CbiIHAKTaH
oTTi. CKaHepneywi 3NeKTPoHAbl MUKpockon (SEM) membpaHanapaplH,  MopdONOruanbIK
KYpbINbIMAAPbIH  3epTTey  ywiH  naiganaHbingpl. CoHbIMeH  KaTap,  JAailblHAanfaH
MembpaHanapablH, KypbInbIMABIK cMnaTTamanapbl — »KaHacy bypbilbl, KeyeKTiNiK KaHe opTawa
KeyeKkTep pagunycbl CUAKTbI NapameTpaepre caiikec 6aranaHapl. CoHbIMeH KaTap, membpaHaHbIH,
OHIMAINIri TyMbIK, }Kacywanapabl GUNbTPALMANGY apKblabl OTKI3rLTIK KaHe Kabblngamay afbiHbl
6ovibiHWaaa 6afanaHapl. HaTukenep canmarbl 1,5% SDS 6ap M4 membpaHacbiHaa Pb (11)
MOHAAPbI YLWIH eH, }KoFapbl Kabblagamay xoingamapiebl (90,52%) 6onaTbiHbiH KepceTTi. byn FESEM
Tangdaynapbl KepceTKeHAeW, MaKpOOMATapAblH KHE KeyeKTi KypblabIMHbIH — 6onyblHa
6ainaHbIcTbl 60nybl MyMKiH. Backa pacTaiiTbiH ganengep TemeHri )aHacy 6ypbiwbiH (63,910),
JKOFapbl cyapl CiHipyai (43,58%), ofapbl KeyeKTinikTi (85,21%) skaHe M4 membpaHacbiHbIH,
TOMEHri opTalla KeyeK paauycblH (6 HM) KamTuapl. JlacTaHy MeXaHWU3MIHiH, Mmoaeni
IKCNEPUMEHTTIK AepekTepae 6aikansaH TonblK 6a0KTayapiH, Pb (I1) MoHAapbiH CiHipy KesiHae
membpaHa beTiHae KeyekTi b6iteny naliga 6onfaHblH KepceTeai. KopbiTbiHAbINAK Kene, Tasa
membpaHameH CanbiCTbipfaHAa, MembpaHanbik —epiTiHgire SDS Kocy membpaHanapapiH,
KacMeTTepiH »aKcapTaTbiHbl aHblKTanabl. Kypambl canmasbl 1,5% SDS KoHueHTpauuackl 6ap M4
membpaHachl KoFapblga anTbinFaH KacuetTepre 6alnaHbICTbl Cyabl TazapTy npoueciHge Pb (I1)
MOHZAPbIH KO YLWiH OHTalNbl GUNBLTPNENTIHIH KepceTTi.

TyiiiH ce3dep: nonnucynbGoH, HaTpuUit Aoaeumn cyabdatbl, KOpFacbiH, MeMbpaHanbik GuabTpaums,
daszanbik MHBEPCUA.
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AHHOTALUMUA

HeycTonumBbIi POCT YPOBHA 3arpa3HeHUs 0bycN0BAEH UHAYCTPUANMU3aLMel, POCTOM HaceneHus
M POCTOM Pa3BMBAIOLMXCA CTPAH. 3arpA3HEHUA CTOYHbIX BOA, MOHAMM TAMKEbIX METANN0B, TaKUX
Kak Pb (Il), He nogaatoTca 6MOPa3NOKEHUIO M NPEACTaBAAT CEPbE3HYI0 Yrpo3y ANA 340P0BbA
yenoBeKka M APYrux Xmebix cywects. OAHUM M3 OCHOBHbIX MeTo40B 60pbbbl C 3arpsA3HeHUem
TAXKENbIMU MEeTa/laMU ABAAETCA XMMWUYecKoe ocaxkpeHue. OfHako Ha Hem o06pas3oBbliBanca
onacHbl un, Tpebytowmnin AanbHelwen 06paboTKM, U UCNONB30BANOCh 3HAYUTENIBHOE KONYECTBO
XMMMWKaTOB B MPOLLECCE OYUCTKM OT TAME/bIX METa//ioB M3-3a €ro HM3KOro BO3AENCTBMA Ha
OKpy:Katowyto cpedy. B pesynbTate 6bin UcCcnefoBaH MeTosd MeMBpaHHON GuAbTPaLuuKM Kak
aNbTePHATMBHBIA METOL OYMCTKM CTOYHbIX BOZ, OT TAMKENbIX METannos. B aTom uccnegosaHuu
Mmem6bpaHbl 6blIM U3rOTOBNEHBI C UCMO/b30BAaHMEM METOAA MHBEPCUM BAXKHOW ¢asbl nyTem
BK/OYEHWA nonumepa noaucynbpoHa (PSF) ¢ avmetvnauetammugom (pactsoputenem) u

MNoctynuna: 12 dekabps 2023 BK/IOYEHMA Pa3/IMYHbIX KOHLLEHTpauuii gogeunncynbdarta Hatpua (SDS) (M1 = 0 mac.%, M2 = 0,5
PeueHsuposaHue: 20 ¢pespansa 2024 macc. %, M3= 1,0 macc. %, M4= 1,5 macc. %, M5= 2,0 macc. %. M3rotoBneHHble membpaHbl 6b111
MpuHATa B Nneyatb: 24 utoHA 2024 NpOTecTMpOBaHbl Ha yganeHuve 50 mr/n uoHos Pb(ll) B BogHOM pacTBOpe. CKaHWpyloLLyto

3N1EKTPOHHYI MUKpockonuio (COM) ucnonb3oBann paa wccnegoBaHus MopdONorMyeckoi
CTPYKTYpbl MembBpaH. Kpome TOro, no 3TMM napameTpam OLEHMBANUCL CTPYKTYpHble
XapaKTEPUCTUKM M3rOTOBNAEHHbIX MeMBpPaH; KOHTAKTHbIWA Yron, NOpUCTOCTb U CPeaHWUA pagunyc
nop. Kpome TOro, xapakTepucTMKM MembpaHbl TaKKe OLEHWBAAWN MO NOTOKY NPOHWUKHOBEHUA U
OTTOP}KEHMA C UCMONb30BAHMEM TYNUKOBOM KAETOYHON PuUAbTpaumun. PesynbTaTbl NOKasbiBaloT,
4yT0 MembpaHa M4 ¢ 1,5 mac.% [,CH nmena camblii BbICOKUIA YypOBEHb OTTOPXKEHUA (90,52%) noHoB
Pb (I1). BeposaTHO, 3TO CBA3aHO C HaMYMEM MAKPOMYCTOT M NMOPUCTOM CTPYKTYPbI, KaK nokasanu
aHanusbl FESEM. [jpyrve noaTBepaatome aHHble BKIOYAOT MeHbLWIA yron KoHTakTa (63,91°),
6onee BbiCOKOe nornouieHne sBoabl (43,58%), 6onee BbICOKyt0 nopucTocTb (85,21%) n 6onee
HWU3KWIA cpeaHuit paguyc nop (6 HM) ana membpaHbl M4. Mogenb mexaHM3Ma 3arpasHeHus
npegnonaraet, 4yto nonHasa 670KMPOBKa, Habnogaemas B IKCNEPUMEHTANbHbIX AAHHbIX,
CBMAETENbCTBYET O TOM, YTO 3aKynopKa Mop Npousowna Ha MNOBEPXHOCTM MeMbBpaHbl npu
nornouweHun noHoe Pb(Il). B 3akntoveHWe, NO CPaBHEHMIO C YUCTON MeMBpPaHOW CTaHOBUTCA
o4yeBMAHbIM, YTO fobasneHne [ACH B pactBop MembBpaHbl yAy4ylwMAO CBOWCTBA MeMBpaH.
MembpaHa M4 c cogepskaHmem [ACH 1,5 mac.% nNpoAEMOHCTPMPOBana ONTUMANbHYIO
dunbTpaunio ans yaanedua wmoHos Pb(ll) B npouecce BogoouncTkM 6narogaps OT/AMUHBIM
CBOMCTBaM, YNOMAHYTbIM BblLUE.

Kniouesvie cnoea: nonncynbdoH, goaeumncynbdat HaTpua, BecTn, membpaHHas duabTpaums,
nHBepcua pasbl.
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