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Abstract

The membrane technology has been found to play a significant role in water purification applications such as
wastewater treatment and brackish water desalination. Mixed matrix membranes (MMMS) are a new type of
promising membranes that derived from polymer matrixes and nanomaterials. The goal of this study is to
develop a new type of MMMs from dispersion of Mesembryanthemum crystallinum (MC) in a polymeric matrix
of high density polyethylene (HDPE). Three MMMs were fabricated, which classified according to the wt% MC
content as HDPE-SC/MC-0, HDPE-SC/MC-1, and HDPE-SC/MC-2. The MMMs characteristics such as
hydrophilicity, porosity, permeability, pure water flux have been studied. The performance of the obtained
MMMs for rejection of methylene blue dye (MBD) also has been investigated. The results indicated that the
addition of 2 wt% of MC in membrane enhanced the rejection efficiency of the neat HDPE membrane for MBD
from 42 to 60 %.

Keywords: High-density polyethylene, Membrane technology, Mixed matrix membrane, Industrial wastewater

treatment, Methylene blue dye.
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1. Introduction

Separation processes are desirable to achieve products with high purities in different
applications such as petroleum industry, gas processing, food industry, pharmaceutical
manufacture, and environmental protection. In addition, to supply communities and industry
with high-quality water, removal and recovery of valuable of toxic components from water
effluent streams received significant attention (Wang et al., 2014). Therefore, various
separation techniques such as distillation, extraction, precipitation, adsorption, crystallization,
membrane separation, and ion exchange processes have been applied for water and water
purifications (Ekrayem et al., 2021; Wetzel, 2001).

In modern life, separation technologies with minimal waste, zero discharge, and low
energy preservation have received significant interest over the world (Alhwaige et al., 2024).
Besides, membrane technology has been considered as an efficient separation technique
compared to the other traditional separation methods (Roy and Singh, 2017; Strathmann et al.,
2016; and Wu et al., 2023). Membrane separation technique has received great attention in
many industrial fields, such as gas separation, water desalination, wastewater treatment, food,
medicine, biotechnology, and pharmacy. The positive points of membrane technology over
other separation methods are low energy consumption, simple process with high efficiency,
environmentally friendly process, easily coupled with other processes, applied for variable
operating parameters, no additives and chemicals needed, and wide range of applications. In
addition, low energy requirement, flexibility of operation, and abundant of raw materials
contribute to membrane uses in both personal and industrial activates (Swamy et al., 2013;
and Zheng et al, 2015).

A membrane is a thin semipermeable sheet of material that separates molecules when a
driving force is applied (Jhaveri and Murthy, 2016). The mechanism of most membrane
processes is the selective filtration of one or more components from feed flow streams via
permeation through pores with different sizes due to applying a pressure-driven force. The
major challenge on the membrane research is fabrication of novel cost-effective membranes
from eco-friendly raw materials with high flux and separation efficiency (Qu et al., 2013).

Development of novel eco-friendly membranes with low fouling, high permeability, and
excellent selectivity using sustainable materials is a major research interest for industry,
academia, and national research centres. In addition, membranes structures play a major role
in the performance of the permeation flux and separation efficiency. Therefore, the
membranes have been categorized mainly into two types, symmetric and asymmetric
membranes (Warsinger et al., 2018). Neat polymeric membranes have several properties and
permeation issues, which limit their applications as overall separation performance. Recently,
mixed matrix membranes (MMMSs) have been developed as an efficient approach to improve
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the separation performance of polymer-based membranes. The MMMs consist of a polymer
matrix as the continuous phase and nanoparticles as the dispersed phase, resulting excellent
barrier properties can be achieved due to synergistic effects of both properties of polymer and
dispersed phase. The majority of MMMSs have been derived using embedded with 50—1000
nm size fillers and the resulting MMMs have been employed to design various MMMs for
separation applications (Katare and Mandal, 2023; Liu et al., 2024; and Wu et al., 2023).

MMMs are one class of nanocomposite membranes that contains nanoparticles
embedded in polymeric matrixes, results an enhancement in membrane uniformity,
economically, and transport properties. The previous findings indicated that the importance of
the proper choice of the single-phase and continuous matrix phase play a significant role on
membranes transport characteristics. Thus, MMMs provide excellent transport characteristics
of the inter-area of membrane, which is the important factor to the fabrication of perfect
materials matrixes (Strathmann et al., 2016). Therefore, MMMs is considered the alternative
materials for use in water purification applications instead of the neat polymeric membranes
(Linetal., 2014).

Nowadays, membrane separation techniques play a significant step in water purification
(Zheng et al., 2015). In addition, membrane technology utilizations in industrial wastewater
effluents have sharply increased, mainly in steel factories, petrochemical industries, and
stations of electric power generation due to their performance for wide pollutants rejection
(Figoli and Criscuoli, 2017; Lin et al., 2014; Mahajan and Koros, 2004; Strathmann et al.,
2016; and Swamy et al., 2013). Therefore, polymer-based membranes have been employed to
separate colloids and dissolved materials from water in various practical wastewater treatment
processes (Mahajan and Koros, 2004). Such water pollutants are inorganic compounds (e.g.,
heavy metals), organics (e.g., dyes and hydrocarbons), and microorganisms (e.g., viruses)
have been separated from water streams using membrane technology (Figoli and Criscuoli,
2017; and Swamy et al., 2013). In Libya, the membrane technology has been applied for
water desalination and removing unwanted impurities from the drinking water since thirty
years ago. The first membrane technology has been established in Libya is Tajoura seawater
desalination plant (Ezzeghni and El-Bourawi, 2016). In addition, there are many membrane
systems have been used to treat underground water for human drinking.

Various abundant polymers have been used for fabrication of membranes toward high
efficient rejection of pollutants from water and wastewaters (Warsinger et al., 2018). Among
these polymers, high-density polyethylene (HDPE) based membranes are widely used for
water treatment due to its outstanding properties including high density, good thermal
stability, oxidative resistance, and possesses high mechanical integrity. Moreover, it is
insoluble in most of wastewater systems, working at wide temperatures, excellent pH
tolerance, and has good dimensional stability (Lloyd et al., 1990). Various membrane have
been derived from HDPE plastic waste and they were used for removal of water pollutants
from water effluents (Zukimin et al. 2017; Zulfiani et al., 2023; and Zulfiani et al., 2024). In
addition, combination of HDPE with other polymers have showed a synergy of both polymers
properties on membranes performance (Zulfiani et al., 2023). However, the addition of
additives such as natural waste materials to the HDPE matrix is still under investigation due to
their compatibility (Zulfiani et al., 2024). Therefore, in this research, utilization of HDPE
waste polymer as a continuous polymeric matrix for development of a new class of MMMs,
which derived from disperse of biomass particles in HDPE matrix. In addition, the obtained
MMMs have been examined for elemination of methylene blue dye (MBD) from aqueous
solutions.
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Agricultural materials are a promising source for development various biomasses, which
have been considered as cost effective material for wastewater treatment, which ascribed to
availability of various reactive moieties like carboxyl, hydroxyl and hydroxyl, and phosphates
functional groups. These groups are the most active sites for many pollutants such as heavy
metal ions, toxic dyes, and hydrocarbons. Among of these biomass materials, maize cob
waste, almond shell, sunflower seed hull, and wood sawdust have been evaluated for
wastewater treatment applications (Lok et al., 2017; and Nam and Park, 1999).
Mesembryanthemum crystallinum (Cryophytum crystallinum) is a family aizoaceae. In
addition, Mesembryanthemum crystallinum (MC) is a creeping plant, which called ice plant
because it riches with ice on its leaves (see Figure 1). It is a flat, moist, and halophyte plant,
which native to various regions including Africa and Sinai and southern Europe. In addition, it
is naturalized in North America, South America, and Australia. Early, MC has been
commonly utilized in the traditional medicine. In addition, MC has been examined for
adsorption of MBD from aqueous solutions. The results indicated that MC has fast kinetics
toward MBD with high efficiency (Abushaina et al., 2018).

Figure 1. Optical image of Mesembryanthemum crystallinum.

2. Experimental Section
2.1. Materials

High-density polyethylene (HDPE) (melt flow index 0.05 g/10 min at 190 °C and 2.16 Kg
ISO 1133, and value of density is 952 kg/m® 1SO 1183) was supplied from SABIC Saudi
Arabia, di-n-butyl phthalate (DNBP) 99%) was purchased from Alfa Aesar A Johnson
Matthey Company, sodium chloride (NaCl) was obtained from Eurostar Scientific Ltd, and
methylene blue dye (MBD) was used as an organic pollutant model. Mesembryanthemum
crystallinum (MC) is a plant that was collected from the native biotope in Zliten, Libya (see
Figure 1).

2.2. Synthesis of HDPE/Di-N-Butyl Phthalate Membrane

For the preparation of flat plate HDPE-DNBP membrane, 20 g of HDPE was mixed with 10
mL of DNBP, which was used as a plasticizer, and the mixture was heated at a temperature of
200 °C until a homogeneous mixture was formed. And then, the resultant mixture was cooled
at 4 °C using an ice-water bath. The obtained membrane was made via the thermal method as
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follows: A sample of HDPE-DNBP mixture was placed in the thermal piston at 200 °C, and
then a pressure in the range from 0.5 bar to 2 bar was applied. Subsequently, the membrane
was quickly taken from the thermal piston and placed in a water bath at room temperature to
cool. Consequently, the DNBP was extracted from the membrane using isopropanol for 24 h.
Thus, the high-density polyethylene/di-n-butyl phthalate membrane was obtained, which was
abbreviated as HDPE-DNBP.

2.3. Synthesis of HDPE/Sodium Chloride Membrane

The HDPE/sodium chloride membrane was prepared using the similar method that described
in the previous section with small modification. HDPE (20 g) was mixed with 10 g sodium
chloride (NaCl, which abbreviated as SC), and then the mixture was heated at a temperature
of 200 °C until a homogeneous mixture was formed. After that, the mixture was cooled at 4
°C using an ice-water bath. The membrane was derived using the thermal method as follows:
A sample of HDPE and NaCl mixture was placed in the thermal piston at 200 °C, and then a
pressure in the range from 0.5 bar to 2 bar was applied. Subsequently, the membrane was
taken from the thermal piston quickly and placed in a water bath at room temperature to cool.
And then, the NaCl was extracted using distilled water-bath for 24 h. Thus, the high-density
polyethylene/sodium chloride membrane was obtained, which was abbreviated as HDPE-SC-
MC-0.

2.4. Synthesis of HDPE/MC) Mixed Membrane

A new flat-plate membranes have been parathion using extrusion-molding method. In the first
stage, specific quantities of HDPE and NaCl were together mixed with various proportions
(0.5, 1.0, and 2.0) of MC and the obtained mixture was perfectly grind. In the second stage,
the obtained mixture was blended using an extrusion at 200 °C, above the fusion/point-
melting of HDPE, to form a homogeneous HDPE-SC mixed matrix of composites. The mixed
matrix membrane (MMM) was fabricated as described in the previous section. The obtained
MMMs have been abbreviated as HDPE-SC-MC-x, where X is represented the composition
weight percentage of MC in the membrane (see Table 1).

Table 1. The membrane abbreviations and the starting materials contents.

Sample code Contents (wt%)
HDPE NaCl MC
HDPE-SC/MC-0 90 10 0
HDPE-SC/MC-1 89 10 1
HDPE-SC/MC-2 88 10 2
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2.5. Characterizations of the Obtained Membranes

Fourier infrared spectroscopy (FTIR) was used to investigate the chemical structure of MC.
Fourier a Bruker Vertex infrared spectroscopy with resolution of 3 cm™and in the range of
4000-500 cm™ was used in this study. The FT-IR measurements was evaluated using the KBr
pellet procedure. Dry species of the MC samples were powdered in a mortar and a specific
amount of sample was mixed with KBr, and then the KBr pellets were formed.

Contact angle measurement was performed to investigate the surface properties of the
obtained MMMs. The contact angle of the prepared films was measured using a ramé-hart
instrument co. model 200-F4. The contact angle goniometry of a captured image of a static
drop of water 3 pL sitting on the membrane dried surface was measured at ambient
conditions. To obtain average values, three measurements were performed at different
locations on the surface of the membrane and average value of contact angles was calculated.

In the present study, the porosity of the obtained membranes was also measured
according to wet and dry weights of the membrane as given in Eq.l1 (Ghaemi and
Khodakarami, 2019). However, this method is based on the assumption of complete saturation
and the method may not account for closed pores.

e = 2w~ Wa 100 (1)
PwAb,

where the Wy, and Wy are the weights of the wet and dry membrane (kg), respectively, 0o IS
the thickness of the membrane (m), pw is the density of the pure water (kg/m?), and A is the
membrane area (m2).

2.6. Membrane Process
2.6.1. Membrane Process Set-up

The performance of the obtained membranes was assessed using a laboratory scale of
membrane process, which equipped with a circular cell. Figure 2 shows a schematic diagram
of the used membrane system. In this study, the permeate flow in membrane system provided
a circular effective membrane surface area of 16.42 cm?.

Ogtal Batance

1. Tank, 2. Pump, 3. Flow rate in, 4. Valve in, 5. Valve Bottom discharge, 6. Pressure gage in let, 7. Membrane
support, 8. Pressure gauge outlet, 9. Flow rate out, Ultra-volatile visible spectrophotometer (UV-vis).

Figure 2. A schematic diagram illustrations of the used experimental set-up.
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2.6.2. Measurements of Membrane Flux and Permeability

The permeability measurement was obtained experimentally as follows: various volumetric
flow rate as a function of applied pressure was obtained. The membrane has been placed in
the unit and then, it was closed tightly. After opening the valve for bottom discharge, the
pump was switched on to make sure that it was working perfectly. Then, the discharge valve
was closed gradually until the water pressure reached to the required pressure. The discharge
valve was lifted a little open to avoid the phenomenon of concentration polarization.
Subsequently, various volumes (V) as a function of time (t) were collected at different applied
pressures. The volumetric flow rate (Q) was calculated from the ratio of collected volume (V)
and time interval (4¢); whereas the flux was calculated using the Eq. 2 (Saedi et al., 2013):
Q

Ja = Z (2)

where: Ja, Q and A are the flux (L/m2.h), volumetric flow rate of the permeated water (L/h),
the effective area of membrane permeation (m?), respectively.

In addition, the pressure drop was estimated from the difference between the feed and
permeate pressures. The permeability value (Pm) for each membrane was evaluated from the
slope of a straight-line of a plot the flux versus the pressure drop (Ghaemi and Khodakarami,
2019; and Saedi et al., 2013).

Ja = Py X AP (3)

where Py, Ja and AP are the permeability of the membrane (L/m?.h.atm), the flux (L/m2.h),
and the pressure drop (atm), respectively.

2.6.3. The Membrane Rejection Efficiency of Methylene Blue Dye

In the first stage, a standard solution of methylene blue dye (MBD) was prepared with an
initially concentration of 500 mg/L, which was obtained by dissolving 2.5 g of MBD in a
volume of 5 L of distilled water. The required initial concentrations were obtained via
diliution of the a specific amount of the previously prepared stock solution via adding a
calculated volume of the distilled water to a specific volume of the standard solution
according to the Eq. 4 (Salima et al., 2012).

C1XV1=szV2 (4)

where Ci, V1 are the required concentration of MBD solution (mg.L™?), the needed volume of
distilled water (L), respectively. Co, V> are the properties of the stock solution.

In the second stage, the membrane efficacy for the MBD removal from wastewaters,
MBD rejection test was carried out using the membrane process as shown in Figure 2. The
MMM was inserted in the system and the experiment was carried out at ambient temperature.
The membranes were conditioned in distilled water for 24 h before filtration, and then the
MBD solution was processed the membrane. To investigate the effect of MC content in the
Membrane composition, the separation experiments were evaluated form samples containing
different MC content (HDPE-SC/MC-0, HDPE-SC/MC-2, and HDPE-SC/MC-3). For each
experiment, several samples were collected at different processing time intervals. The
absorbance of MBD solution of each sample was evaluated using ultra-volatile visible
spectrophotometer (UV-vis) at wavelength of 664 cm™. Therefore, the MBD concentration in
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each sample was obtained using the absorbance/concentration relationship on the previously
prepared calibration curve (Saedi et al. 2013). The membrane efficiency for rejection of MB
dye from water for each obtained MMM was obtained at various processing time interval as
described in Eq. 5:

C
n% = (1 - C—P) x 100 (5)
F

where 1 is the MB dye rejection efficiency (%). The Cr and Cp are, the feed and permeate MB
dye concentrations (mg/L), respectively. The concentration of MBD was measured using a
UV-vis spectrophotometer (Zulfiani, et al., 2023).

3. Results and Discussion
3.1. Analysis of FT-IR

FT-IR is one of the most important characteristics that are calculated for preparation of
polymeric membranes. Figure 3. In the FTIR spectra of MC, the broad peak at 3426 cm™ is
due to the stretching band of hydroxyl functional groups (—OH). The peaks at 2935 and 2848
cm® present the stretching vibration of the -C=H band (Alhwaige et al. 2013). The absorption
bands located around 1634 cm™ is ascribed to stretching vibration of the carbonyl groups (—
C=0). The peaks at 1316 and 1018 cm™ are could be corresponded respectively to the
stretching modes of C-N (Abushaina et al., 2018; and Salima et al., 2012). The results
indicated the MC is rich with —OH functional groups, which are important active site for
removal MB dye (Ekrayem et al., 2021).

20935 el ---7 g---2848 em! 1634 cm’!

1316 cm’!

3426 cm™ -,

A

Absorbancy, au

! 1018cm

v L

4000 3500 3000 2500 2000 1500 1000 500
Wavelegth, cm™

Figure 3. FTIR of Mesembryanthemum Crystallinum.

3.2. Analysis of Contact Angle

Surface property is one of the primary characteristics of membranes, and to know the
properties of these membranes whether hydrophilic or hydrophobic nature. If the contact
angle is less than 90°, the membrane surface is like water. If the contact angle is greater than
90°, the surface of the membrane is less wet with water. The contact angle is one of the most
important membranes characteristics, which studied the wettability of the membrane surface

Faculty of Marine Resources, Al-Asmarya Islamic University, Libya. E-8



Mixed Matrix Membranes-Derived from High-Density Polyethylene and Mesembryanthemum Crystallinum for Separation of Methylene
Blue Dye from Aqueous Solutions

using liquid water (Alhwaige et al., 2019). Figure 4 demonstrates of the average static contact
angle results of the obtained membranes. The contact angle value of the neat membrane
(HDPE-CS-MC-0) was slightly hydrophobic (6>90°); however, it is become hydrophilic after
addition of MC-biobased particles (HDPE-CS-MC-1 and HDPE-CS-MC-3). As shown in
Figure 4, the surface modification of the neat membrane with addition of MC indicated that it
decreased from 91.6 of neat membrane HDPE-SC/MC-0 to 79.5 and 73.8 for HDPE-SC/MC-
1 and HDPE-SC/MC-2, respectively. The decrease in the contact angle values is ascribed to
the present of the MC-biobased particles. In other words, the increase of polymer
concentration led to an increase in the contact angle of the membrane (Ajari et al, 2019).
Therefore, the average static contact angle values demonstrated that the surface of the MC-
based mixed matrix membranes (HDPE-SC/MC-1 and HDPE-SC/MC-2) were hydrophilic
nature, which is preferred for membranes in water purification applications (Tolba et
al.,2016).

110
100 | 91.6°
90 |
80 |
70 |
60 |
50 |
40 |
30 [
20 [
10 |

~l
w
o]

©

Contactangle (°)

HDPE-SC/MC-0 HDPE-SC/MC-1 HDPE-SC/MC-2

Sample code

Figure 4: The images and contact angle values of the prepared mixed matrix membranes.

3.3. Porosity of the Membranes

Membrane porosity is one key of the membrane permeate flux and separation efficiency.
Therefore, effect of MC-biobased particles on the porosity of the prepared MMMs was a part
of the present study and the obtained results are demonstrated in Table 2. The addition of MC-
biobased particles to the membrane matrix led to MMMs with high porosity as compared to
the neat membrane (HDPE-SC/MC-0). The results indicated that all membranes have porosity
between 15% and 30%. The porosity of the neat HDPE-SC/MC-0 membrane was 15.4%. The
addition of MC-biobased particles into the matrix enhanced the membrane porosity. For
example, the addition of 2 wt% MC-biobased particles to the neat membrane showed an
increase ~50% in the porosity (HDPE-SC/MC-0). In addition, the HDPE-SC/MC-1 membrane
has the highest porosity value as compared to the other membranes. The increase in the
porosity of the MMMs is due to phase separation and porosity of the MC-biobased particles
(Ghazanfari et al., 2017).
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Table 2. The properties of the obtained mixed matrix membranes.
Porosity (%) Permeability (L/m?-h-atm) Flux (L/m?-h)

Sample code
HDPE-SC/MC-0 154 724 1186
HoPEscmc-1 00 NIA NIA
20.3 1138 1990

HDPE-SC/MC-2
*N/A: Not Available.

3.4. Microstructure of the Membrane surface

The optical light microscope is one of the most important characteristics and tests of
membranes. The most important feature is that it is used to investigate the porosities and
morphological properties of membranes. Figure 5 shows microstructure of the obtained
HDPE-SC/MC-1 membrane. The results indicated that the membrane of HDPE-1 has a
homogeneous surface with uniform pore structure. It suggested that the forming pores is due
to elimination of sodium chloride nanoparticles via extraction after the membrane fabrication
(Zulfian et al., 2023). In addition, the images indicated that there are no agglomerations of the
CM particles on the membrane surface. These investigations are positive points for the
obtained MMMs.

Ce LA AT o

Figure 5. The microstructure of the HDPE-SC/MC-1 mixed matrix membrane.

3.5. Effect of Pressure on Membrane Permeate Flux

Particularly, applied pressure is found to be the most important parameter in the membrane
processes. Thus, the effect of applied pressure on the membranes permeate fluxes was
investigated. Figure 6 shows the permeate fluxes versus the applied pressure drop values (AP)
for the fabricated MMMs. The results indicated that all the MMMs showed a similar behavior.
The permeate flux (Ja) increased with an increase in the applied pressure drop (AP). For
example, in the membrane HDPE-SC/MC-0, the permeate flux increased from 723.51 to
1137.64 L/m?-h with a rise in the applied pressure drop from 0.987 to 1.85 atm. In addition,
MC-based nanoparticles have a significant role for increasing the permeate flux. At the
applied pressure drop of 2.16, the permeate flux of the HDPE-SC/MC-0 increased from
1186.36 to 1990.26 L/m?-h with addition 1% MC-based nanoparticles (i.e. HDPE-SC/MC-1),
which due to the increase in porosity as compared to the other membranes (see Table 2).
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However, a reduction in the permeate flux (1474.4 L/m2-h) was observed for the HDPE-
SC/MC-2 membrane at similar conditions. These findings are in a good agreement with the
previous studies (Zulfian et al., 2023).

M HDPE-SC/MC-0
B8 HDPE-S5C/MC-1
2000 HDPE-SC/MC-2
— 1500
E
-
= sos
250505
< S ]
250524 o
- 1000 25255 csessecd
505ed] oo
250 s
505ed] co0550]
2] ey
Selatel ¢5035c] 15550
2505 250044 25505
250504 0scesed [oc00]
Setatel co05c5e] etetets
0] 0o05co0] 15550025
Syl i fie]
25050 2h05coc] 15552028
<5esss] ciescd I
25050 ot 15552028
2505 05505 0S50
556 525055 fesesssd
%05 d foscseses]
350 4 fiscsered
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4] RSty {eeiees]
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Figure 6. Effect of applied pressure on the membrane flux.
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3.6. Measurement of the Membrane Permeability

Permeability factor is one of the important characteristics of any developed membranes,
because it controls the effluent quantity. Therefore, measurements of the membranes
permeabilities were a apart of this study. The permeability values of the fabricated membranes
were obtained as described in Eq. 3. Figure 7 illustrates the slope of the plot of flux against
applied pressure drop for each membrane. The results showed that the flux has a linear
relationship with pressure drop for all obtained membranes. In addition, the membrane
containing HDPE-SC/MC-1 has higher slope compared to the neat HDPE-SC-0 and HDPE-
SC/MC-2. As seen in Figure 8, these observations indicated that the HDPE-SC/MC-1 has a
maximum permeability value than the other membranes, which ascribed to the increase in the
porosity. In terms of the pure water permeability, the permeability of neat HDPE membrane
was increased from 288 to 833 L/m?-h-atm. Therefore, it is interesting to report that MC
enhances the permeability of the neat membrane (HDPE-SC/MC-0). This increase is due to
the increase in the porosity as previously discussed. Similar observations for improvement of
membrane permeability with addition of nanoparticle to polymer matrix have been previously
reported (Ghaemi and Khodakarami, 2019).
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Figure 7. Pure water permeability of the obtained membranes.
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Figure 8. The permeability of the obtained membranes after 1 h.

3.7. The Permeation Fluxes of the HDPE-based MMMs

Figure 9 shows the permeate flux (Ja) of the HDPE-based membranes as a function of
processing time before and after the addition of MC. The Ja values of the obtained
membranes were measured at a constant pressure for each experiment. All the fluxes of the
MMMs showed similar behaviors for reduction in Ja values with time. The Ja values of the
MMMs were fast during the beginning, and then became slower which continued to decline
over time. For example, the permeate fluxes of HDPE-SC/MC-1 and HDPE-SC/MC-2
membranes decreased from 256 and 226 L/m?2-h to 208 and 212 L/m?-h, respectively, after the
increase in the processing time from 0.405 h to 0.75 h. These observations are in consistent
with the reported studies (Ghaemi and Khodakarami, 2019).
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Figure 9. Effect of processing time on the membrane permeate flux.

In addition, the flux of HDPE-SC/MC-2 was faster than HDPE-SC/MC-1 at beginning;
however, opposite observation was found after certain minutes. This change in behavior of
permeation flux for HDPE-MC-2 was ascribed to the closing of some pores because they were
narrowed, which were not tolerated to transport fluid through the membrane despite the
persistence of pressure. In addition, the nanoparticle content decreased the permeate
performance due to nanoparticles agglomerations and a decrease in the membrane porosity.
While, in the case of HDPE-SC/MC-1 membrane, the pores were sufficient to transport liquid
through the membrane with a small-continued decline in the flux at fixed pressure.

3.8. The Membrane Performance for Methylene Blue Dye Removal

3.8.1. Calibration Curve

Before the investigation of the membrane rejection efficiency of MB dye, the maximum
wavelength (1) for MB dye was obtained as well as the calibration curve. The maximum
wavelength (1) for MB dye was obtained using measurement of UV-vis absorbance for MB
dye solution at various wavelengths. Figure 10a demonstrates the UV-vis absorbance for MB
dye versus wavelength (1). The results show the maximum wavelength () at peak 664 nm.
Therefore, at this wavelength (A = 664 nm), the UV-vis spectrophotometer will be used to
measurement the absorbance for MB dye during to preparation of the calibration curve.

The calibration curve was obtained by measuring UV-vis absorbance at different
concentrations of MB dye in range from 10 to 2.5 mg L't MB dye, which were obtained via
dilution of the previously prepared stock solution (50 mg L™?). UV-vis absorbance for each
concentration was measured at wavelength (A) 664 nm. Figure 10b show the calibration curve
of plot of UV-vis absorbance versus the concentration of MB dye.
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Figure 10. UV-vis results: (a) UV-vis spectrum of methylene blue at various wavelength. (b)
Calibration curve of MB dye.

3.9. Membrane Efficiency

The rejection of methylene blue dye (MBD) from the aqueous solution using the obtained
HDPE-based MMMs was experimentally evaluated. Figure 11 shows the MBD rejection
efficiency (n%) for each membrane after one hour of processing time (Abushaina et al.,
2018). The results indicated that the n% of MBD was increased with an increase in the MC
content in the membrane. For example, the n% of neat HDPE membrane was increased from
26.85% to 35.1% with addition HDPE-SC/MC-1. A maximum value of 59.95% of n% was
obtained with the sample containing 2% of MC. The increase in the MBD rejection efficiency
was ascribed to the fact that MC is rich with the hydroxyl functional groups (-OH) as
confirmed using FT-IR results (see Figure 3), which are active cites for adsorption of MBD
(Tolbaet al., 2016).
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Figure 11. Rejection efficiency of the obtained mixed matric membranes for MBD from aqueous
solutions.

3.10. Effect of Processing Time on the Rejection of MBD

The effect of operating time on the rejection efficiency of HDPE-SC/MC-2 membrane was
evaluated for 3 h and the results were compared with that obtained using the neat HDPE
membrane (HDPE-SC/MC-0). As seen in Figure 12, it was observed that the rejection
efficiency values for both membranes were gradually decreased until reached an equilibrium.
The results indicated that both samples reached an equilibrium after ~ 40 min processing time.
The drop in the MBD rejection efficiency for HDPE-SC/MC-2 with time was smaller than
that for the HDPE-SC/MC-0. For example, with an increase in the processing time from 10 to
40 min, the rejection efficiency values of HDPE-SC/MC-0 and HDPE-SC/MC-2 were
decreased from 42% to 22% and from 60% to 57%, respectively. This improvement in the
removal efficiency may ascribed to the role of MC on the rejection of MD dye via adsorption
ability (Tolba et al., 2016).
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Figure 12. Role of Mesembryanthemum crystallinum on the rejection efficiency methylene blue dye.

Faculty of Marine Resources, Al-Asmarya Islamic University, Libya. E-15


https://en.wikipedia.org/wiki/Mesembryanthemum_crystallinum

Almahdi A. Alhwaige, Ali N. Al-Drogi, Muammer B. Yahiya, Wael K. Elhrari, 2025

4. Conclusions

A new type of MMMs were fabricated by thermal method and their characteristics and
methylene blue dye rejection performance have been also investigated. The hydrophilicity and
porosity of HDPE-based MMMs were increased with addition of MC. In addition, the results
of the membranes effluent showed that the modified membranes (HDPE-SC/MC-1, HDPE-
SC/MC-2) had higher pure water permeation flux and pore size than that of neat HDPE
membrane (HDPE-SC/MC-0). Therefore, the hydrophilicity of MC nanoparticles plays a role
on improving the porosity and permeate flux of the MMMs. The maximum permeate flux of
237.52 L/m2.h was achieved using HDPE-SC/MC-1 mixed matrix membrane. These novel
MMMs were tested for the separation of MB dye from aqueous solutions. It was found that the
HDPE-SC/MC-2 membrane had better rejection of MB dye molecules as compared to the neat
HDPE membrane (HDPE-SC/MC-0). The increase in retention of MB dye was ascribed to the
affinity of MC for the adsorption of MB day. Under the optimal conditions, the maximum
rejection efficiency of MB dye was obtained are 59.95%. Therefore, we expected that two
cycles of MB dye effluent could remove all the dye molecules from the water stream. In
besides, this type of MMMs seems to have a promising future in the treatment of aqueous
effluents containing MB dye in moderate concentrations.
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