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Ultrafiltration membrane is often used in wastewater treatment plants to remove dyes 
and other contaminations. This study aims to improve the properties and methylene 
blue rejection efficiency of the polyvinylidene fluoride (PVDF) ultrafiltration (UF) 
membranes by introducing copper acetate monohydrate/magnesium sulphate 
(CuMgNTs) at different loading dosages. The flat sheet membranes were successfully 
fabricated using the phase inversion method. The physicochemical properties of 
membranes were characterized by scanning electron microscopy (SEM), energy-
dispersive X-ray (EDX) and Fourier transform infrared spectroscopy (FT-IR). The pure 
water flux tests showed that the M3 membrane with 3wt.% of CuMgNTs loading 
exhibits the highest pure water flux of 47 L/m2h. For methylene blue rejection 
efficiency M3 membrane possessed the highest rejection efficiency up to 94%. The M3 
membrane performance showed an increase in pure water flux and methylene blue 
dye rejection up to 224% and 74%, respectively, compared to pristine PVDF membrane. 
Therefore, it can conclude that 3wt.% of CuMgNTs is the optimum loading for PVDF UF 
membrane in improving its permeability towards pure water and performance to 
reject methylene blue dyes.  

Keywords: 

PVDF; ultrafiltration; dye rejection; 
membrane; copper; magnesium 

 
1. Introduction 
 

In this modern era, the rapid growth of economy root to the activities of factories, chemical plant, 
manufacturing industries, etc. become more active. This has increased the amount of wastewater 
effluent from the processes and led to the pollution of our natural water sources, consequently 
causing a water shortage. Many industries such as textile, leather, paper, food, and plastics industries 
released high levels of hazardous and recalcitrant substances, such as dyes, which can cause negative 
impacts on the environmental and human health [1]. 
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There are many types of membranes that are used for effluents treatment containing dyes, such 
as ultrafiltration (UF), reverse osmosis (RO) and nanofiltration (NF) membranes [2]. UF membranes 
are usually utilized as a preferable pre-treatment method for NF or RO processes when treating 
dyeing wastewater. Nevertheless, the hydrophobicity nature and substantial surface energy of PVDF 
membranes frequently result in severe membrane fouling and a decline in flux during the treatment 
of dyeing wastewater [3]. To overcome this problem, incorporating hydrophilic substances into the 
membrane is one the method that can be applied to improve the PVDF membrane performance. The 
dye removal rate had been improved by incorporating the TiO2 nanoparticles into the PVDF 
membrane. Other nanoparticles such as CuO, Fe2O3 and Al2O3 as well as thiourea also can be used to 
improve the membrane performance [4]. 

In recent decades, the modification of PVDF UF membrane for dye removal has been widely 
studied. Membrane modification by blending membranes with fillers of additives has shown an 
improvement in the removal of methylene blue up to 97% dye removal and 92% COD reduction [2]. 
However, the loading dosage of the additives also influenced the performance of the membranes. As 
stated by Ibrahim et al., excessive loading of additives can lead to reduce in membrane performance 
[5]. According to Suresh et al., the amount of additive in PVDF membrane is between 0.15 to 4 wt% 
with the removal of various types of dye such as congo red, methylene blue, direct blue 14 and sunset 
yellow FCF can reach up to 98% [6]. Therefore, it is crucial to determine the optimum loading of 
additives to be applied on the PVDF UF membrane so that the membrane can achieved the highest 
performance, especially in removal of dyes. 

In this study, the PVDF membrane will be doped with different dosages of nanomaterials, which 
are copper acetate monohydrate and magnesium sulphate heptahydrate that is synthesized using 
thiourea (denoted as CuMgNTs). The role of thiourea is to assist the growth of CuMgNTs [7]. This 
modified membrane will be label as PVDF/CuMgNTs in this study and will be applied on an 
ultrafiltration application for removing dyes from wastewater. The kinetic and isotherm models were 
also studied to better understand the adsorption mechanism. 
 
2. Methodology 
2.1 Materials 

 
Polyvinylidene fluoride (resin, PVDF), N, N-dimethylacetamide (99%, DMAc) and methylene blue 

(powder, MB) were purchased from Sigma Aldrich. Copper acetate monohydrate/magnesium 
sulphate (powder, CuMgNTs) was supplied by Comilla University, Bangladesh. 

 
2.2 Membrane Fabrication 

 
A total of six CuMgNTs nanoparticles were prepared by varying the polymer dopes content from 

0 to 5 wt% per wt% PVDF. By using a roller, the dope solution was casted on a glass plate and 
immersed in ultrapure water at room temperature for a minimum of 24 hours. Table 1 shows the 
nanoparticles loadings that were tested in this research. 
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  Table 1 
    PVDF membrane configuration 

Type of membrane 
CuMgNTs loadings 

PVDF, wt% DMAc solvent, wt% 
wt.% g 

M0 0 0 

 15 85 
M1 1 0.045 

M2 2 0.090 

M3 3 0.135 

 
2.3 Membrane Characterization 

 
The morphology of the prepared membranes was analyzed by using scanning electron 

microscopy (SEM, Hitachi TM4000 plus, Japan) combined with energy dispersive X-ray (EDX, Bruker 
instrument, Germany) for elemental analysis. The prepared membrane samples were cut into smaller 
pieces to fit on the specimen stage. The membrane samples were immersed in liquid nitrogen for 
several minutes in order to obtain a better image and eliminate surface bends. Then, the membranes 
were fractured spontaneously. 

 
2.4 Porosity and Mean Pore Size 

 
The method to analyze the porosity and mean pore size of the membranes was obtained from 

[8]. For measuring the porosity of the membranes, wet and dry membrane gravimetric methods were 
employed. The membranes were cut into a circular size with a diameter of 44 mm and soaked in 
ultra-pure water. The porosity of the membranes was measured by weighing them after soaking and 
weighing the dry membrane. The formula that was involved in the calculation is as follows: 

 

𝜀 =
(𝜔1−𝜔2)∕𝜌𝑤

(𝜔1−𝜔2)∕𝜌𝑤+𝜔2∕𝜌𝑝
                                               (1) 

 
where, ε: the porosity of the membrane (%), ω1: wet weights of the membrane (g), ω2: dry weights 
of the membrane (g), ρ𝑤: water density (0.998 g/cm3), and ρ𝑝: density of the PVDF (1.765 g/cm3). 

Meanwhile, for the mean pore size, the value of volume of permeate water in unit time (V) was 
obtained from pure water flux experiment. The mean pore size of the membranes was calculated 
according to Guerout–Elford–Ferry equation as follows: 

 

𝑟𝑚 = √
(2.9−1.75𝜀)×8𝜂𝐿𝑉

𝜀×𝑆×𝛥𝑃
                                    (2) 

 
where, 𝑟𝑚: Mean pore size (µm), 𝜀: Membrane porosity (%), 𝜂: viscosity of water (8.9×10-4 Pa s), 𝐿: 
membrane thickness (m), 𝑉: Volume of permeate water in unit time (m3/s-1), 𝑆: Effective filtration of 
the membrane (m2), and 𝛥𝑃: transmembrane pressure (Mpa). 

 
2.5 Pure Water Flux 

 
The prepared membranes were cut into a circular size with a diameter of 44 mm. The pure water 

flux, also known as pure water permeability, was determined by measuring the pure water flux using 
an Amicon® Stirred Ultrafiltration Cell with constant transmembrane pressure of 2 bar. Every 10 
minutes, the volume of water passing through the PVDF membrane was collected and recorded until 
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at least three constant volumes were obtained. The pure water flux (𝐽𝑝) was calculated using 

following formula. 
 

𝐽𝑝 =
𝑉

𝐴×𝑡
                                                  (3) 

 
where, Jp: pure water flux (L.m−2 .h−1), V: Constant volume of filtered pure water (L), A: effective 
membrane area (m2), and t: permeation time (h). 
 
2.6 Dye Rejection 

 
The method to evaluate the membrane performance for the removal of dye was referred to [1]. 

In this experiment, methylene blue (MB) solution was prepared in 10, 20 and 30 ppm concentrations. 
Every 5 minutes, the MB dye solution was passed across the membranes for 1 hour using a Amicon® 
Stirred Ultrafiltration Cell at 2 bar operating pressure. The absorbance of the MB solution was then 
measured using a UV spectrophotometer at 663 nm, and the corresponding concentration was 
calculated based on standard curve. The MB solution rejection ratio was estimated using the formula 
below. 

 

𝑅 = (1 −
𝐶𝑃

𝐶𝑓
) × 100%                                                (4) 

 
where, Cp: permeate concentrations, and Cf: feed concentrations of the dye solutions. 

 
3. Results and Discussion 
3.1 Membrane Morphology 

 
The cross-section morphology of the membranes was observed via SEM at 1500× magnification 

as shown in Figure 1. All membranes possess a typical asymmetric structure consisting of a thin dense 
top-layer with finger-like pores linked by sponge walls. This sponge-like walls formed between the 
pores comprise a porous network of interconnected PVDF polymer chains, which provide structural 
support to the membrane while enabling fluid flow through the interconnected pores.  

Due to the addition of CuMgNTs nanoparticles, it is observed that the formation of a finger-like 
structure was enhanced and seems to extend to the central of the membranes. This may be due to 
the hydrophilic properties of the CuMgNTs nanoparticles, which increase the solvent/non-solvent 
exchange rate during the phase inversion [9]. This hydrophilic additive increases the surface tension 
of the casting solution, which makes it more difficult for the solvent to evaporate. This means that 
the solvent will remain in the casting solution for longer, which will give the non-solvent more time 
to diffuse into the casting solution and cause phase inversion. Hence, it led to the formation of 
membranes with improved properties, such as higher permeability and selectivity. 
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Fig. 1. SEM cross-section morphologies of CuMgNTs-PVDF membranes at 1.5k× magnification; (a) M0 (b) 
M1 (c) M2 (d) M3 

 
Figure 2 illustrates the presence of Cu and Mg elements in membrane M3, whereas these 

elements are absent in the pristine membrane (M0). Thus, it can be confirmed that the integration 
of CuMgNTs into the PVDF membranes was successfully achieved. 
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Fig. 2.  EDX elemental analysis of the (a) M0 and (b) M3 membranes 

 
3.2 Membrane Pore Characteristics 

 
Table 2 present the pore characteristics of the membranes, which were determined by the 

gravimetric method. The average porosity and mean pore size were calculated by taking three 
samples of each membrane. The highest porosity was recorded for M2 (2 wt% CuMgNTs) at 78.01%, 
followed by M3, M0, and M1. 

 
Table 2 
Porosity, mean pore size, tortuosity, and pore 
density of the prepared membranes 
Membrane Porosity (%) Mean Pore Size (nm) 

M0 74.23 3.58 
M1 73.25 5.09 
M2 78.01 4.04 
M3 74.92 6.78 
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In addition, the mean pore size of the CuMgNTs-PVDF membranes was determined by using the 
gravimetric method. According to Singh and Hankins (2016), the pore size of a membrane determines 
the classification of the membrane processes in water treatment [10,22]. In the case of the 
ultrafiltration process, the pore size falls under the range of 50.0-1.0 nm. As shown in Table 2, it was 
determined that the prepared membranes in this study possessed the mean pore size ranges from 
3.58 nm to 6.78 nm, which falls under the range of ultrafiltration process. It was also observed that 
the mean pore size of all the modified membranes were also enlarged compared to the neat 
membrane (M0).  

 
3.3 Water Flux 

 
Figure 3 presents the results of the steady-state pure water flux for the prepared membranes. 

Due to its hydrophobic nature, the pristine PVDF membrane, M0, exhibited the lowest pure water 
flux at 14.6 L/m2.h. Incorporating CuMgNTs into the PVDF membrane resulted in improved pure 
water flux, indicating that CuMgNTs can enhance the flux of polymeric membranes. The 3wt% 
CuMgNTs (M3) membrane achieved the highest stable flux at 47.4 L/m2.h, demonstrating a 
remarkable improvement of 224.32% compared to the pristine membrane. Despite modifications, 
the lowest pure water flux was observed in M2 at 18.9 L/m2.h, which still outperformed the pristine 
membrane. According to Jee et al., pure water flux is influenced by membrane hydrophilicity and 
morphology [2]. Therefore, the increased pure water flux in the modified membrane can be 
attributed to the incorporation of CuMgNTs, which significantly improved membrane hydrophilicity 
and reduced mass transfer resistance [3]. 

 

 
Fig. 3. Steady state of pure water flux of the prepared PVDF 
membranes 

 
3.4 Methylene Blue (MB) Dye Rejection 

 
The results of the average MB rejection during the first 30 minutes of filtration are shown in 

Figure 4. As can be observed, the results of this study showed that membrane M3 had the highest 
rejection efficiency for MB at all concentrations tested. The rejection efficiency of membrane M3 was 
94.04%, 74.91%, and 78.91% for MB concentrations of 10 ppm, 20 ppm, and 30 ppm, respectively. In 
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contrast, M2 had a slightly lower rejection efficiency than membrane M3, with rejection efficiencies 
of 94.17% (10 ppm), 68.67% (20 ppm), and 71.8% (30 ppm). Meanwhile, the lowest rejection 
efficiency was found on M0, with rejection efficiencies of 53.83% (10 ppm), 57.60% (20 ppm), and 
65.8% (30 ppm). Therefore, the initial adsorbent dosage (CuMgNTs) had a significant impact on the 
removal efficiency. This is because the increase in adsorbent dosage led to an increase in the available 
surface area and adsorption sites, hence, the more adsorbent there is, the more dye molecules can 
be adsorbed [13]. 

Other than that, by comparing the mean pore size in Table 2 and MB dye rejection in Figure 4, 
the rejection efficiency increases as the mean pore size increases from membranes M0, M2 and M3. 
In addition to that, the mean pore size of the membranes (ranging from 3.58 to 7.12 nm) was basically 
larger than the methylene blue dye molecules, which has approximately the size of a rectangular 
block that is 17×7.6 ×3.3 Å (or 1.7×0.76×0.33nm) [4]. According to study by Oyarce et al., supposedly 
the smaller pore size will have the ability to remove higher percentage of dye [5]. However, there are 
some exceptions to this theory. For example, some dyes can be rejected by membranes even when 
the pore size is larger than the dye molecules. This is because the dye molecules can be 
electrostatically repelled by the membrane, which prevents them from passing through the pores [6]. 
In the case of methylene blue dye, it is negatively charged [7]. This means that they are attracted to 
positively charged surfaces of the PVDF membrane. Therefore, when the pore size of the membrane 
is larger than the dye molecules, the dye molecules can be electrostatically attracted to the 
membrane surface, which prevents them from passing through the pores [8]. This is why a larger pore 
size can actually lead to a higher percentage of methylene blue dye being rejected by the PVDF 
membrane. 

 

 
Fig. 4. 10, 20, and 30 ppm MB dyes average rejection efficiency by CuMgNTs-PVDF 
membranes 

 
In terms of dye rejection over time, the focused was on the rejection of MB dye at 30 ppm 

concentration as shown in Figure 5. All the tested membrane (M3, M2 and M0) exhibited a similar 
rejection trend, which decreased gradually with time. At initial (t=5min), M3 possessed the lowest 
MB rejection efficiency (83.34%), followed by M0 (86.53%) and M2 (88.33%). However, with 
increasing in time, M3 able to have higher MB rejection efficiency among the membranes. The 
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highest rejection efficiency was recorded at t=10min which is 85.87%, and then gradually decreasing 
with time until it reached 69.91% rejection efficiency at t=30min. The reduced in dye rejection 
efficiency of the membranes is caused by pore blocking phenomenon, where the dye molecules 
accumulate on the membrane surface, then can block the smaller pores [9,23]. After a certain time, 
the smaller pores will be occupied by the dye molecules, which then leaves only the larger pores 
open, thus allowing more dye molecules to pass through the membrane. 

In the previous study by Isawi, the nanocomposite PVA/PVDF membrane with CuO nanoparticles 
showed an enhanced dye rejection efficiency, up to 95% which almost similar our study [10]. Another 
study was also conducted by Karimi et al., that also enhanced the dye rejection efficiency of PVDF-
modified membrane with Cu2S nanoparticles with highest rejection efficiency of reactive blue 21 dye, 
direct black 38 dye, and direct yellow 12 dye obtained were 99.8%, 99.2%, and 73.8%, respectively 
[11]. The low rejection efficiency for yellow 12 dye is due to the molecular size of the dye that very 
small that allows it to pass through the membrane. Therefore, comparing this study to the previous 
studies, it shows that CuMgNTs is also a great nanomaterial that can enhance the dye removal 
efficiency as well as permeability of the membrane. 

 

 
Fig. 5. 30 ppm MB dye rejection during 30 minutes filtration by CuMgNTs-PVDF 
membranes 

 
4. Conclusions 

 
The membrane performances were executed in terms of pure water flux and methylene blue 

(MB) dye rejection. Based on the performance, the pure water flux of the membranes was enhanced 
with the highest pure water flux obtained by M3, which increased by 224.32% compared to the 
pristine membrane. The performance of the membrane via MB dye rejection also shows a promising 
rejection efficiency by membrane M3, with 94.04% rejection efficiency for 10 ppm MB. This was 
increased 74.7% compared to pristine membrane. However, the rejection efficiency of the 
membranes was declined as the concentration of MB increases to 20 and 30 ppm. 
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