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Abstract 

This research explored the modified polyvinylidene fluoride (PVDF) nanofiber membranes with a composite of layered double hydroxide (LDH) 
and graphene oxide (GO) to enhance biofouling resistance. The PVDF/LDH-GO nanocomposite membranes were synthesized via vacuum 
filtration. FTIR analysis confirmed nanocomposite formation with new peaks indicating the presence of GO and LDH. Variations in the LDH:GO 
ratio affected the physical, mechanical, and performance properties of the membranes. Based on SEM imaging, the 1:1 LDH: GO ratio exhibited 
the highest Young's modulus and smallest pore sizes. LDH-GO incorporation increased the mechanical strength, porosity, roughness, 
hydrophilicity, and pure water permeability of the PVDF membranes. The combination of these factors led to balanced permeability and 
selectivity values towards Cu2+ solution feeds. LDH-GO was proven effective in modifying the PVDF membrane surface for water treatment 
and inhibiting biofouling up to 64% against E. coli. 
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1. Introduction  

The growth of the world population and the acceleration of 

industrialization are the significant contributors to the 

increasing water pollution problems [1]. This condition triggers 

serious contamination of ground and surface water, thereby 

impacting the survival of various ecosystems and 

environmental vitality [2]. To overcome this, the use of 

membrane technology has become commonplace due to its 

superior performance and simple operation [3]. However, 

advances in membrane technology still require concentrated 

efforts to achieve several superior characteristics, such as high 

and balanced permeability and selectivity, resistance to various 

contaminants, and chemical resistance during the water 

treatment process [4,5]. For this, several researchers have 

engineered composite membranes using modification 

approaches, including grafting, layer-by-layer self-assembly, 

and blending [6,7]. 

Polyvinylidene fluoride (PVDF) is widely used as a 

membrane polymer material because of its extraordinary 

thermal, chemical, and mechanical resistance, as well as its 

ability to form asymmetric membranes [8]. However, its 

practical application is hampered by its extreme hydrophobic 

characteristics that cause fouling. This condition is exacerbated 

by the deposition and proliferation of microorganisms 

(biofouling) [9,10,11]. In this regard, hydrophilic and 

antibacterial modifications have emerged as the promising 

methods for controlling fouling and biofouling [12,13]. 

Graphene oxide (GO) is recognized as a potential modifier 

for its mechanical and thermal stability, hydrophilic properties, 

and ability as a versatile grafting material with various special 

functions [14]. Even though it has many superior properties, 

including antibacterial activity, its blending with polymers is 

reported to greatly reduce these advantages [15]. Therefore, in 

this study, the use of GO was more directed as a graft carrier 

for other hydrophilic and anti-bacterial agents to increase the 

flux and reduce the extreme biofouling of the PVDF 

membrane. 

Layered double hydroxide (LDH) or [M2+1-

XM3+(OH)2](An-)x/n.mH2O, is a two-dimensional material 

characterized by a positively charged host layer and negatively 

charged insert ions [16]. It has anionic clay properties with a 

positively charged layered structure and a hydroxide-like 
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composition, as well as antibacterial activity, which makes it 

not only as a hydrophilic and antibacterial agent but also as a 

favorable intercalation agent when combined with GO [15]. 

The simple synthesis method, cost-effectiveness, and efficacy 

in absorbing dyes and heavy metals make the use of LDH as a 

PVDF membrane modifier increasingly promising [17,18]. 

To obtain better LDH stability on PVDF membranes, in this 

study electrostatic grafting was carried out through carboxyl 

groups and GO epoxy as active sites for chemical modification 

using vacuum filtration, resulting in an LDH/GO modifier 

layer. The success of LDH-GO grafting on PVDF membrane 

was evaluated using Fourier Transform Infrared (FTIR). The 

varying compositions of PVDF/LDH-GO were evaluated to 

obtain membranes with the best mechanical characteristics and 

performance in Cu2+ separation. Here, the analysis of the 

mechanical resistance, wetting behavior, and performance of 

the membrane was expected to reflect the main impact of the 

LDH-GO modifier in improving the quality of the pore 

structure and effectiveness in producing comparable and high 

permeability and selectivity as a consequence of increasing the 

hydrophilic properties and porosity of the PVDF/LDH-GO 

membrane. Membranes with superior qualifications were 

characterized using atomic force microscopy (AFM) to see a 

decrease in the hydrophobicity of the PVDF membrane after 

modification using LDH-GO. 

2. Materials and Methods 

2.1. Materials 

Several materials used include: Poly(vinylidene fluoride) 

(PVDF) (powder, Mw~534,000; Sigma-Aldrich, France), 

DMAc (N,N-Dimethylacetamide) (≥99.8%; Merck, Germany); 

HCl (≥37%; Fluka, Austria), H2O2 (30%; Smart-Lab, 

Indonesia), NaNO3 (99%; Smart-Lab, Indonesia), H2SO4 

(98%), KMnO4 (≥99%, Merck, Singapore), Mg(NO3)2.6H2O 

(for analysis; Merck, Germany), CuSO4 (anhydrous; ≥99.99%; 

Merck, Singapore), NaOH (Pellet; ≥98%; Merck, Germany), 

Na2CO3 (≥99.5%; Smart-Lab, Indonesia); graphite (powder; 

extra pure; Merck, Germany), and Al(NO3)3.9H2O (for 

analysis; Merck, Germany); and distilled water (CV. Chemical 

Indonesia Multi Sentosa, Indonesia). 

2.2. Method 

2.2.1. PVDF membrane preparation 

The electrospinning method was used to create PVDF 

membranes. A solution of PVDF 18% (w/v) was dissolved in a 

combination of acetone and N, N-dimethylacetamide (DMAc) 

in a 2:3 ratio. To ensure the homogeneity of the polymer 

solution, stirring was carried out at 65°C with a speed of 270 

rpm for 12 hours. The electrospinning process was carried out 

using a voltage of 15 kV, a flow rate of 1 mL/hour, and a 

distance between the injector and collector drum of 15 cm. 

2.2.2. Preparation of LDH, GO, and LDH/GO composite 

system 

Mg-Al LDH production was carried out using the direct 

coprecipitation method, following the procedure of Zeng et al. 

[19]. The aqueous mixture of Al(NO3)3.9H2O and 

Mg(NO3)2.6H2O with a molar ratio of 1:2 in 100 mL of 

deionized water was rapidly stirred at 65°C. Simultaneously, a 

mixture of 2.0 M NaOH and 0.5 M Na2CO3 was added to 

maintain a pH of 9-10. After aging for 18 hours, the colloid 

mixture was centrifuged at a speed of 8000 rpm for 10 minutes. 

The resulting precipitate was washed repeatedly with distilled 

water until obtaining a neutral pH. The precipitate was dried 

overnight at 85°C. 

GO was synthesized by modifying the Hummers and 

Offerman procedure [20]. Specifically, 230 mL of cold sulfuric 

acid was added into a mixture of 10 grams of graphite and 5 

grams of NaNO3, accompanied by gradual stirring at 10°C. 30 

grams of KMnO4 were then added. The mixture was stirred for 

30 minutes and heated at 35°C. After adding 250 mL of 

distilled water, the heat was raised to 90°C, and the stirring was 

maintained for 30 minutes. To reduce excess KMnO4, 500 mL 

of distilled water and 50 mL of H2O2 (30%v/v) were added to 

stop the oxidation reaction. The resulted sample then 

underwent centrifugation at 8000 rpm for 10 minutes. The dried 

precipitate was obtained by subjecting it to a vacuum oven at 

60°C for 24 hours. 

The resulting LDH and GO powders were dispersed in 100 

mL of distilled water at a speed of 300 rpm for 1 hour with 

variations as shown in Table 1. The LDH/GO solution was 

ultrasonicated for 30 minutes to obtain a composite, which was 

ready to be processed in the next stage. 

Table 1. Mass ratio of LDH/GO in the PVDF composite membrane 

Sample M0 M1 M2 M3 M4 M5 M6 M7 M8 M9 

LDH 

(mg) 
0 20 20 20 20 20 15 10 5 0 

GO 

(mg) 
0 0 5 10 15 20 20 20 20 20 

2.2.3. Membrane preparation 

The PVDF membrane (d 6 cm) was immersed in a mixture 

of ethanol-distilled water for 5 min. It was then modified 

through a vacuum filtration process using 50 mL of LDH/GO 

solution (M0-M9) to obtain a PVDF/LDH-GO composite 

membrane. 

2.3. Characterization of membrane 

The successful formation of the PVDF/LDH-GO composite 

membrane was confirmed using the Perkin Elmer Fourier 

Transform Infrared (FTIR) Spectrum Two. The mechanical 

resistance of the membrane was evaluated using the RCT-

10KN-AF Toyo Seiki Strograph. The surface and cross-section 

morphology of the membrane were observed using the FEI 

Inspect S50 Scanning Electron Microscope (SEM), while the 

description of changes in the membrane porosity before and 

after modification using LDH-GO were observed based on the 

changes in membrane roughness as a result of analysis using 
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Bruker Atomic Force Microscopy (AFM). Membrane 

performance was determined using a “Dead-end” membrane 

reactor (homemade). The permeate produced from this stage 

was analyzed using Shimadzu Atomic Absorption 

Spectrophotometry (AAS) AA-7000 to obtain membrane 

selectivity. 

2.4. Membrane porosity analysis 

The porosity can be calculated by analyzing the SEM image 

using the OriginPro 2018 software. The parameters to 

determine the porosity of the sample include the values of 

Hmax, Hmin, X, Y, integral volume, total volume, solid 

volume, volume under the curve, pore volume, and porosity 

percentage [21,22]. The porosity calculation in the software is 

in accordance to the equation: 

Vsolid = ∫ ∫ 𝑓
𝑦𝑚𝑎𝑥

𝑦𝑚𝑖𝑛
(𝑥, 𝑦)𝑑𝑥𝑑𝑦

𝑥𝑚𝑎𝑥

𝑥𝑚𝑖𝑛
 (1) 

where Xmax, Xmin, Ymax, Ymin are the surface boundaries at X 

and Y coordinates (surface boundaries when projected on the 

base plane) with Xmax. Specifically, equation 2 is used to find 

the total volume.  

Vtotal = 𝑓𝑚𝑎𝑥  (x𝑚𝑎𝑥 −  x𝑚𝑖𝑛)(y𝑚𝑎𝑥 −  y𝑚𝑖𝑛) () 

The difference between total volume and solid volume was 

used to find the pore volume, while to calculate porosity and its 

percentage, equation 3 was used. 

ϕ = 
𝑉𝑝

𝑉𝑡𝑜𝑡
 () 

where ϕ is porosity, Vp is pore volume, and Vtot is total volume. 

2.5. Performance evaluation of membranes 

The permeability and selectivity of the PVDF/LDH-GO 

membrane were calculated using Equations 1 & 2: 

  J =  
𝑉

𝐴 × 𝑡
         () 

R =  ( 1 −
𝐶𝑝

𝐶𝑓
) ×  100%         () 

J represents the pure water flux and is measured in Lm-2h-1. 

V stands for the permeation volume and is expressed in liters. 

A denotes the effective membrane area in square meters (m²) 

and t is the filtration time and is measured in hours. R represents 

the Cu2+ removal ratio and is expressed as a percentage. 

Meanwhile, Cf and Cp are the concentrations of Cu2+ in the feed 

and permeate, respectively. 

2.6. Antibacterial performance of membrane 

To determine the effect of LDH-GO modification on the 

risk of biofouling, the membrane's inhibition ability on 

bacterial growth was evaluated using the agar disc diffusion 

method. Escherichia coli was chosen to represent gram-

negative bacteria. Before culturing on Mueller-Hinton agar 

plates, each bacterial sample was introduced into a suspension 

with an approximate concentration of 1.5 × 108 colony-forming 

units per milliliter (cfu/mL). The 12 mm diameter PVDF/LDH-

GO membrane was incubated at 37°C for 24 hours. Three areas 

of inhibition zone measurement were determined using a 

caliper. The presence of an inhibition zone on each membrane 

was used to measure the antibacterial activity of the 

PVDF/LDH-GO composite membrane [23]. 

3. Results and Discussion 

3.1. Membrane characterization 

3.1.1. Chemical characterization 

 

Fig. 1 shows the comparison of the IR spectra of 

PVDF/LDH-GO (M0-M9) membranes. The pure PVDF 

membrane (M0) showed a peak at 1401.51 cm-1, indicating C-

H stretching and deformation. The presence of the C-F group 

was indicated by the appearance of a peak at 1171.32 cm-1. The 

peak at 876.07 cm-1 indicated the PVDF β-phase [9,19,24,25]. 

All three were also detected on M1-M9. In contrast to M0, the 

IR spectrum of M1-M9 showed a distinctive peak at 2959.49-

3020.36 cm-1 as a marker of the presence of the O-H group as 

the main feature of GO. This peak was visible in the IR 

spectrum of M4. In this spectrum, a typical C=O peak at 

1732.84 cm-1 was also observed, which further confirmed the 

presence of GO in the composite membrane. The lower GO 

composition in the M1-M3 modifier composition made the 

appearance of the typical peak of this group less observed. 

Meanwhile, the undetectable appearance of this group in the IR 

spectrum of M5 was assumed to be closely related to the 

optimal intercalation of LDH in the GO layer of the composite 

membrane. Interestingly, despite having the similar GO content 

as M5, the C=O peak was also present in the M6-M9 samples, 

albeit with varying intensities. This variation in peak intensity 

across M6-M9 could be attributed to differences in the extent 

of LDH-GO interactions and the degree of GO 

functionalization, which might determine the visibility of the 

C=O stretching vibration in the FTIR spectra. The presence of 

LDH in the composite membrane was detected from the 

appearance of a peak at 595.10-601.68 cm-1. This peak 

indicated the stretching vibrations of O-M-O, M-O, and M-O-

M, where M represents Al and Mg, as reported by Zeng et al 

[19]. The overall interpretation of this IR spectrum showed the 

successful formation of the PVDF/LDH-GO composite 

membrane. 

3.1.2. Mechanical characterization 

 

The PVDF/LDH-GO membrane's mechanical strength was 

assessed using Young's modulus, which was computed through 

Equation 6. 

 

E = 
𝑠𝑡𝑟𝑒𝑒𝑠

𝑠𝑡𝑟𝑎𝑖𝑛
           (6) 

 

Increasing the LDH mass in the LDH-GO modifier caused 

an increase in the quantity of LDH nanoparticles deposited on 

the membrane surface, which then manifested as LDH clusters. 
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LDH distributed between the GO sheets through the pores of 

the PVDF membrane and formed pores between the sheets. By 

comparing the M6-M9 data, a significant increase in the 

Young's modulus value was observed as the LDH mass 

increased. The same pattern was also observed as the GO mass 

increased. The increase in GO layers then created a more stable 

framework for LDH intercalation [26]. This was what made the 

increase in Young's modulus due to the increasing GO levels 

slightly higher than LDH. Young's modulus reached the 

maximum when the mass ratio of LDH was 20 mg and GO was 

20 mg in the modifier, as in M5. Increasing the quantity of GO 

layers and the amount of LDH intercalation in the GO layer on 

the membrane surface simultaneously increased the ability of 

the PVDF/LDH-GO composite membrane to maintain pore 

size when exposed to pressure. 

 

Fig. 1. Infra-red spectra of PVDF and PVDF/LDH-GO membranes 

3.1.3. Mechanical characterization 

 

The PVDF/LDH-GO membrane's mechanical strength was 

assessed using Young's modulus, which was computed through 

Equation 6. 

 

E = 
𝑠𝑡𝑟𝑒𝑒𝑠

𝑠𝑡𝑟𝑎𝑖𝑛
           (6) 

 

Increasing the LDH mass in the LDH-GO modifier caused 

an increase in the quantity of LDH nanoparticles deposited on 

the membrane surface, which then manifested as LDH clusters. 

LDH distributed between the GO sheets through the pores of 

the PVDF membrane and formed pores between the sheets. By 

comparing the M6-M9 data, a significant increase in the 

Young's modulus value was observed as the LDH mass 

increased. The same pattern was also observed as the GO mass 

increased. The increase in GO layers then created a more stable 

framework for LDH intercalation [26]. This was what made the 

increase in Young's modulus due to the increasing GO levels 

slightly higher than LDH. Young's modulus reached the 

maximum when the mass ratio of LDH was 20 mg and GO was 

20 mg in the modifier, as in M5. Increasing the quantity of GO 

layers and the amount of LDH intercalation in the GO layer on 

the membrane surface simultaneously increased the ability of 

the PVDF/LDH-GO composite membrane to maintain pore 

size when exposed to pressure. 

Table 2. Young’s Modulus of PVDF and PVDF/LDH-GO Membranes 

Code Membrane 

LDH 

composite 

(mg) 

GO 

composite 

(mg) 

Young’s 

Modulus 

(MPa) 

M0 PVDF 0 0 0.998 

M1 PVDF 20 0 1.051 

M2 PVDF 20 5 1.117 

M3 PVDF 20 10 1.134 

M4 PVDF 20 15 1.142 

M5 PVDF 20 20 1.239 

M6 PVDF 15 20 1.139 

M7 PVDF 10 20 1.091 

M8 PVDF 5 20 1.045 

M9 PVDF 0 20 1.005 

3.1.4. Physical characterization 

 

Fig. 2 shows the surface morphology and cross-section of 

the PVDF/LDH-GO membrane. Fig. 2(a) shows a smooth 

surface with large pores on the PVDF membrane. Fig. 2 (b and 

d) shows a decrease in pore dimensions and an increase in the 

porosity at the same time as the GO mass increased. In line with 

this, Fig. 2 (d and f) shows an increase in the porosity and a 

decrease in pore dimensions as the LDH mass increased. 

Increasing the mass of GO and LDH resulted in the production 

of a GO layer in the pore dimensions of the PVDF membrane 

and LDH nanoparticles intercalated between the GO sheets, 

forming an internal pore layer. Fig. 3 shows the cross-sectional 

morphology of the PVDF and PVDF/LDH-GO membranes, 

which overall had an asymmetric structure. The combination of 

the LDH-GO modifier on the PVDF membrane produced a 

smaller pore size, both in the skin layer and in micropores 

(sponge- and finger-like pore), as seen in the M5 membrane as 

observed to have the smallest pore dimensions. 

The increase in grafted GO layers provided stronger 

structural support, while the increase in deposition of LDH 

nanoparticles in the gaps between GO sheets resulted in a 

tighter pore structure. The mechanical resistance of PVDF 

membranes was improved by the combined action of both 

mechanisms produced by this LDH-GO modifier, resulting in 

higher Young's modulus values [27,28]. 

Electrostatic interactions were formed between the negative 

charge of GO and the positive charge of the LDH surface, 

facilitated by the carboxyl group. This interaction effectively 

prevented the re-stacking of GO nanosheets, resulting in the 

formation of an intercalated membrane with a smaller pore size. 

This observation is in line with several studies reporting the 

important role of electrostatic interactions in preventing the re-

stacking of GO nanosheets and the formation of intercalation 

membranes [18,19]. 

Even though there was a decrease in the pore size of the 

PVDF membrane, the SEM images could not show changes in 

porosity occurred when the LDH-GO modifier was grafted. 

OriginPro 2018 software was used to calculate membrane 

porosity based on SEM images. The values obtained from this 

application included Hmax, Hmin, X, Y, and integral volume 
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[22,23]. These five were used to calculate total volume, solid 

volume, volume under the curve, pore volume, and membrane 

porosity percentage. Equation 1 was used to get the solid 

volume, while Equation 2 was used to get the total volume. The 

percentage of porosity was calculated from the difference 

between total volume and solid volume (see Equation 3). 

Porosity was depicted using a 3D graph, as shown in Fig. 4, and 

quantified, as shown in Table 3. 

    

   

Fig. 2. SEM results of membrane surface morphology: (a) M0, (b) M1, (c) 

M3, (d) M5, (e) M7, and (f) M9 

   

   

Fig. 3. SEM results of membrane cross-section morphology: (a) M0, (b) M1, 

(c) M3, (d) M5, (e) M7, and (f) M9 

These results indicated that the LDH-GO grafting modifier 

caused an increase in porosity in the PVDF membrane. The 

vacuum filtration process has allowed GO to fill membrane 

pores and created a new pore framework, which was then 

sealed by the intercalation of LDH in each GO layer. Thus, the 

electrostatic interaction of the two in the internal pores of the 

PVDF membrane produced many new pores with higher pore 

density. This fact was reinforced by the acquisition of the 

highest porosity percentage by M5. Specifically, the increase in 

porosity occurred with increasing GO was found slightly higher 

than that of LDH. The intercalation of LDH in each GO layer 

should create more new small spaces in the internal pores of the 

PVDF membrane compared to GO, which tended to create 

large open spaces. This was predicted to be related to the non-

optimal intercalation of LDH in the GO layer. 

   

   

Fig. 4. 3D porosity graph of the: (a) M0, (b) M1, (c) M3, (d) M5, (e) M7, and 

(f) M9 

Table 3. Membrane Porosity 

Code Membrane 

LDH 

composite 

(mg) 

GO 

composite 

(mg) 

Porosity 

(%) 

M0 PVDF 0 0 65.06 

M1 PVDF 20 0 66.57 

M3 PVDF 20 10 72.83 

M5 PVDF 20 20 74.89 

M7 PVDF 10 20 72.24 

M9 PVDF 0 20 66.74 

Apart from calculations using OriginPro 2018 software, the 

increase in membrane porosity was also evaluated using AFM. 

Fig. 5 respectively shows 3D images of the AFM surfaces M0 

and M5 along with the values of their surface roughness 

parameters, average roughness (Ra) and root mean square 

roughness (Rq). The results showed  that the PVDF membrane 

in its pure form (M0) boasted the smoothest surface with an 

average roughness (Ra) measuring at 62.4 nm and a root mean 

square roughness (Rq) measuring at 77.6 nm. Conversely, M5 

exhibited a notable increase in surface roughness with a Ra 

measuring at 92.8 nm and a (Rq) measuring at 118 nm, when 

compared to M0. Increasing surface roughness tended to 

increase the filtration area, thereby triggering an increase in 

membrane flux, as illustrated by the permeability values of pure 

water and Cu2+ (see Fig. 5). 

 

 

 

 

Fig. 5. The surface roughness of (a) M0; and (b) M5 

 

 

(a) (b) 

(d) (e) 

(c) 

(f) 

(a) (b) 

(d) (e) 

(c) 

(f) 

(a) (b) (c) 

(d) (e) (f) 

(a) (b) 
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3.2. Wetting behavior 

Pure water permeability measurements were used to 

confirm the enhanced hydrophilic characteristics of the 

composite membrane when the LDH-GO modifier was present. 

In addition to increasing the flux, the increase in hydrophilic 

characteristics could help the formation of a water layer over 

the membrane. This layer functioned as a protective barrier, 

blocking contaminants from directly contacting the membrane 

surface. Thus, increased hydrophilic properties resulted in 

greater resistance to membrane fouling/biofouling [7,29]. Fig. 

6 shows the pure water flux produced by M0-M9. Two similar 

increasing patterns are shown as GO mass (M0-M4) and LDH 

mass (M9-M6) increase. The highest pure water permeability 

was produced by M5, where the masses of GO and LDH in the 

modifier composition were the most abundant and balanced. 

The pattern of increasing pure water flux, corresponding to the 

increasing mass of GO and LDH, was related to the rising 

hydrophilic characteristics of the membrane. The presence of 

hydroxyl groups (-OH) on the LDH surface resulted in an 

increase in the interlayer distance in graphene oxide (GO), 

which resulted in a greater penetration rate of water molecules 

in the nanocomposite membrane [30,31]. Not only did it 

improve the distance between GO sheets and change the pore 

structure through intercalation which triggers the expansion of 

water penetration channels, LDH also increased the hydrophilic 

properties of the membrane and reduced its resistance to water 

penetration [32]. 

 

 

 

 

 

 

 

Fig. 6. Water flux data of the membrane 

Table 4. Antibacterial activity of PVDF and PVDF/LDH-GO Membranes 

Code Membrane 

LDH 

composite 

(mg) 

GO 

composite 

(mg) 

Inhibitory 

Zone (mm) 

M0 PVDF 0 0 8.32 

M1 PVDF 20 0 9.52 

M2 PVDF 20 5 10.38 

M3 PVDF 20 10 11.80 

M4 PVDF 20 15 13.08 

M5 PVDF 20 20 13.65 

M6 PVDF 15 20 13.47 

M7 PVDF 10 20 12.40 

M8 PVDF 5 20 11.32 

M9 PVDF 0 20 9.85 

3.3. Performance 

Fig. 7 illustrates the flux and rejection rate of Cu2+ of various 

membranes (M0–M9). The LDH-GO PVDF membrane's 

permeability and selectivity towards Cu2+ were assessed using 

a CuSO4 solution. The increase in LDH mass in the modifier 

composition triggered an increase in flux from 835.67 Lm-2h-1 

(M9) to 1146.50 Lm-2h-1 (M6). The same pattern of increasing 

flux was also found with the increasing GO mass in the 

modifier. The hydrophilic nature of LDH and the expansion of 

the distance between GO layers due to LDH intercalation, 

which caused increasing porosity were predicted to be the 

triggers. This is in line with what was reported by Jana et al. 

[33]. The highest flux was produced by M5 where the mass 

ratio of LDH and GO was balanced. 

 

Fig. 7. Cu2+ flux and rejection of PVDF/LDH-GO membrane 

The PVDF membrane with pure LDH modifier (M1) had a 

5.85% lower flux than the one with pure GO modifier (M9). 

The existence of multilayer GO was the background for this 

superiority. However, the combination of both (LDH and GO) 

as modifiers could optimize the performance of nanocomposite 

membranes in removing Cu2+. First, the presence of LDH 

intercalation would increase porosity accompanied by a 

decrease in pore size. This condition allowed the acquisition of 

flux and rejection that were comparable. This could be proven 

by the flux and rejection of Cu2+ from M6, which were both 

higher than M9. Furthermore, the presence of hydroxyl groups 

on the surface of LDH, which formed a chelate with Cu2+ 

further increased the rejection effect. Cu2+ adsorbed on LDH 

via ion exchange and surface complexation, but mainly by 

surface complexation. This is in line with what was published 

by Awes et al. dan Hu et al. [17,34]. Second, without the 

presence of LDH, GO in the modifier tended to experience 

complexation with Cu2+ during filtration. This condition then 

would cause a reduction in the distance between GO layers, 

resulting in lower flux [34]. 

 

 

 

 

 

 

Fig. 8. Inhibitory zone of the membrane 
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3.4. Antibacterial performance of membrane 

As shown in Table 4, to obtain the benefits of the LDH-GO 

grafting modifier in reducing the risk of biofouling, the 

antibacterial activity of the PVDF/LDH-GO membrane against 

Escherichia coli (E. coli) was evaluated based on the diameter 

of the inhibition zone of the suspension on each membrane. The 

results of testing the antibacterial activity of E. coli showed the 

highest results in M5.  

The successful grafting of the LDH-GO modifier has 

resulted in an obvious inhibition zone around the PVDF/LDH-

GO membrane sample. The diameter of this inhibition zone 

increased as the mass of GO in the modifier increased. This was 

due to the multiple antibacterial mechanisms of GO, which 

included oxidative and membrane stress, entrapment, 

photothermal effects, and basal planes. Additionally, the 

pointed edges of graphene oxide nanosheets had the potential 

to physically damage bacterial membranes, causing bacterial 

inactivation and intracellular matrix leakage. In addition, 

barriers to gas/ion exchange prevented bacteria from 

multiplying as they were isolated from their environment. This 

marked the point at which bacteria became immobile on the 

composite GO sheet [36]. In line with this, an increase in the 

diameter of the inhibition zone was detected, which was even 

higher compared to GO, as the mass of LDH in the modifier 

grafted on the membrane increased. The interaction of GO on 

two sides, namely with the PVDF membrane and the LDH 

modifier, reduced the reactivity of its functional groups towards 

bacteria. On the other hand, the attachment and absorption of 

bacteria to the surface of the LDH modifier through 

electrostatic forces increased antibacterial effectiveness [37]. 

4. Conclusion 

Membrane modification using LDH-GO modifier was found 

capable of improving both the physical and mechanical 

characteristics and performance of PVDF membranes in Cu2+ 

separation. The use of GO as the sole modifier material 

produced the flux values of pure water and Cu2+ which were far 

below the membrane flux with the LDH-GO combination 

modifier. LDH's ability to form intercalations and increase the 

distance between GO layers was able to improve the pore 

structure (increasing porosity and decreasing pore size), which 

not only resulted in increasing mechanical resistance but also 

membrane permeability (>53.10% for pure water; and 53.35 % 

for Cu2+). At the same time, an increase in the Cu2+ rejection 

percentage was also detected, reaching 71% for M5. The use of 

GO as a carrier for the LDH antibacterial agent was proven to 

increase the antibacterial activity of PVDF membranes against 

E. coli. These collective findings showed a promising potential 

for utilizing the LDH-GO modifier, not only to suppress pore 

defects in PVDF membranes but also to increase its resistance 

to the risk of biofouling in water treatment applications. 
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