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Abstract: Palm oil mill effluent (POME) is highly organic loaded liquid waste 

in the palm oil industry. Membrane technology is preferred as the tertiary 

treatment due to the high removal efficiency and low space requirement. 

However, membrane fouling is the drawback of membrane technology, which 

increases the operational cost. Thus, the objective of this research is to improve 

the anti-fouling property of poly(vinylidene-fluoride) (PVDF) membrane by 

using nano - Fe3O4 as the additive. Nano - Fe3O4 was synthesized through 

chemical reduction method, and it was proved by the Energy Dispersive X-ray 

spectroscopy (EDX) spectrum. The nano iron oxide was added to the 

Poly(vinylidene-fluoride)/ Polyvinylpyrrolidone solution and cast into 

membranes. The hydrophilicity of nano - Fe3O4 modified the membrane 

surface and improved the antifouling property. This was proved by the lower 

contact angle of PVDF/ nano - Fe3O4 membranes (70.99°) compared to the 

neat membrane (77.13o). PVDF/ nano - Fe3O4 membranes exhibited better 

separation performance compared to the neat membrane, especially in BOD 

removal. PVDF/nano iron oxide membrane removed 94.73% of BOD while 

88.67% BOD was removed by the neat membrane. At the same time, the 

membranes exhibited consistent COD and TSS removal in the first 5 cycles in 

treating POME. A slight reduction in BOD removal was observed from the 

first cycle to the fifth cycle suggested the use of other membrane cleaning 

method is required to remove the foulants. In conclusion, nano - Fe3O4 

improved the anti-fouling property of PVDF membrane, and a comprehensive 
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study on membrane cleaning shall be conducted in the near future for 

sustainable use.   
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1. Introduction 

Oil palm (Elaeis guineensis) is a versatile crop, and its growth is limited 

to tropical areas such as Malaysia and Indonesia (Ahmad et al., 2018). 

Malaysia as the second-largest producer of palm oil in the world produced 

17.73 million tonnes crude palm oil (CPO) in the year of 2008 (MPOB, 2008) 

and increased to 19.52 million tonnes in 2018 (MPOB, 2018). Despite the 

significant economic benefit earned from oil palm production, it causes serious 

environmental problem as a large volume of polluted wastewater is generated 

during the extraction and refining processes (Azmi and Yunos, 2014; Bello 

and Abdul Raman, 2017). Palm oil mill effluent (POME) is a brown non-toxic 

thick liquid waste with an unpleasant odour (Yacob et al., 2006). 75 million 

tonnes of POME were produced from the palm oil mills in Malaysia in 2016 

(Dalton et al., 2017). The raw POME contains high polluting compounds such 

as 25000 mg/L biological oxygen demand (BOD), 51000 mg/L chemical 

oxygen demand (COD) and 18000 mg/L suspended solid (SS) that cause 

severe impact to the environment (MPOB, 2014). Untreated POME lowers the 

quality of water for domestic use (Ezemonye et al., 2008; Izah et al., 2016), 

causes eutrophication which leadss to the depletion of oxygen (Awotoye et al., 

2011) and endangers the aquatic life.  

Conventional ponding system is a well-known method for POME 

treatment in Malaysia as this method is cost-effective and simple. However, 

long hydraulic retention time and the need for a large land area are the main 

drawbacks of this treatment. Thus, other methods such as coagulation and 

flocculation, advanced oxidation process, microalgae cultivation and 

membrane treatment are proposed. Among these methods, membrane 

separation shows excellent chemical oxygen demand (COD) and total 



13 
 

suspended solid (TSS) removal within a short treatment time. It produces 

effluent with stable and consistent quality. Therefore, membrane technology is 

introduced as the secondary treatment to treat POME up to the allowable 

discharge limit (Ghani et al., 2018).  

Ultrafiltration membrane is ideal for POME treatment due to its moderate 

pore size. Studies showed that the UF membrane-treated POME could be 

reused by recycling the treated water to the palm oil mill (Azmi and Yunos, 

2014; Ghani et al., 2018). However, membrane fouling is the main problem 

found in the separation process. It reduces the separation performance, reduces 

permeate flux as well as reduces the life span of the membrane (Ghani et al., 

2018). Thus, it increases the cost of treatment.  

Findings from the research works showed that the low hydrophilicity of 

membrane contributed to the fouling phenomena (Kumar and Ismail, 2015). 

Modification of membrane such as blending with inorganic nanoparticle 

enhances its hydrophilicity and exhibits antifouling property (Benavente et al., 

2017; Pereira et al., 2018). Thus, the objective of this study is to investigate 

the performance of nano-Fe3O4 in improving the antifouling property of 

hydrophobic polyvinylidene fluoride (PVDF) membrane. PVDF resists to 

acidic condition, which made it an ideal material to treat acidic POME. 

Besides, it also exhibits excellent mechanical strength, resists to high 

temperature, and cost-effective (Lalia et al., 2013; He et al., 2014).  

2. Materials and methods 

2.1.Materials 

PVDF (Mw = ~534,000) was purchased from Sigma-Aldrich and used as 

the membrane-forming material. Polyvinylpyrrolidone K30 (PVP, K30) was 

supplied by Vchem Laboratory Chemicals as the pore-forming agent while N, 

N-Dimethylformamide (DMF >99.8%) was used as the solvent. Biological-

treated POME was obtained from a local mill factory at the extended aerobic 

ponding (Teluk Intan, Perak). POME was stored at 4°C to avoid microbial 

decomposition (Aziz and Hanafiah, 2017b). Iron (II) sulfate heptahydrate, 

sodium carbonate were obtained from Merck Germany. Ethanol with 99% 
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purity and ethylenediaminetetraacetic acid (EDTA) with 0.1 Molarity was 

supplied by Fisher Scientific. All the chemicals were used as received. 

2.2. Preparation of iron oxide nanoparticles 

 0.1M of iron (II) sulfate heptahydrate and 0.05M of EDTA were mixed 

by using the overhead stirrer at 300 rpm. Iron in the solution was reduced by 

adding 0.75M of sodium carbonate dropwise to the mixture. The black 

precipitate (iron oxide) was further reduced by immersing in 1.0M of sodium 

carbonate. The iron oxide nanoparticle was rinsed three times using ethanol 

and stored in ethanol (Guo et al., 2018; Zin et al., 2013) before use. 

2.3. Membrane fabrication and characterization 

The polymer solution was prepared according to the formula in Table 1. 

An appropriate amount of iron oxide nanoparticle was dispersed in DMF using 

ultrasonic vibrator for 1 hour. Then, 19wt% of PVDF and 3wt% of PVP were 

added into the DMF solution and stirred at 400 rpm for 4 hours at 85°C. The 

polymer solution was degassed at room temperature (Homayoonfal et al., 

2010; Ong et al., 2014). The bubble-free solution was cast by using the semi-

automated casting machine (Chan and Teo, 2013). The blade of the semi-

automated casting machine was adjusted to 200 µm from the surface of the 

glass plate using the digital micrometer, and the polymer solution was cast at 

7 cm/s (Chan et al., 2016). The casted film was immediately placed into the 

oven for 9 minutes at 60°C before placed into RO water. The membrane was 

then rinsed with RO water to remove the remaining solvent. Lastly, the 

membrane was transferred to RO water bath for storage.   

The hydrophilicity of the membranes was determined by using contact 

angle goniometer (Attention Theta Lite).  

Table 1. The dope formulation of nano Fe3O4 PVDF/PVP flat sheet 

membrane. 

Membranes PVDF 

(wt %) 

PVP 

(wt%) 

DMF 

(wt%) 

Fe3O4 (wt%) Coagulation Bath 

PVDF 0 19 3 78 0 RO water 

PVDF 1 19 3 77.9 0.1 RO water 
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2.4 Characterization of Nano-Fe3O4  

The chemical composition of the iron oxide nanoparticles was analyzed 

by using Energy Dispersive X-ray spectroscopy (EDX) Oxford INCA 

PentaFETX3 (Oxford, UK).  

2.5 Antifouling property of PVDF membranes  

The membrane filtration experiment was conducted by using a 50ml 

Millipore dead-end stirrer filtration cell with an effective membrane surface 

area of 13.4 cm2 (Amicon Stirred cell 50mL). Biological-treated POME 

obtained from a local mill factory at extended aerobic ponding (Teluk Intan, 

Perak) was used as the feed. The properties of the feed are shown in Table 2. 

The filtration cell, which was pressurized by the nitrogen gas, was operated at 

the transmembrane pressure (TMP) of 1 bar. The membrane was reused for 5 

cycles, and it was back washed by using RO water before the next cycle.   

The BOD5, COD and TSS of the samples were measured to determine the 

separation performance of the membranes. BOD5 test was conducted 

according to standard method 5210B.  TSS and COD were measured according 

to photometric method 8006 and APHA standard method 8000 respectively. 

The solute separation efficiency, R was calculated from Equation (1):-  

                 

Where R is rejection efficiency, %, CP is the concentration of permeate, mg/L, 

CF is the concentration of feed, mg/L. 

Table 2. Characteristic of POME collected from Teluk Intan, Perak 

Properties Concentration (mg/L) 

COD 2300.73 ± 136.69 

BOD 888.52 ± 194.47 

TSS 992.00 ± 40.18 

 

Eq (1) 
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3. Results and discussion 

3.1. Characterization of iron oxide nanoparticles 

The elemental analysis of the synthesized nano-Fe3O4 was showed in the 

EDX spectrum in Figure 1. The atomic percent of Fe and O were 25.3 % and 

74.7% respectively. Meanwhile, the weight percentage of Fe and O was 

reported as 54.2 % and 45.8%. The distinctive peak at approximately 0.6 keV 

due to surface plasmon resonance of the element indicates the presence of 

Fe3O4. This is consistent with the finding reported by Zambri et al. (2019), 

where the Fe3O4 produced from neem leaf extract showed a peak at 

approximately 0.6 keV in EDX spectrum. The x-ray diffraction pattern 

confirmed this result.      

 

Figure 1. EDX spectrum of nano-Fe3O4 

3.2. Antifouling performance and reusability studies 

Table 3 showed the hydrophilicity of PVDF membranes and the 

respective separation performance. The contact angle of PVDF 0 was 77.13 ± 

1.58o, which is approximately 7 o higher compared to PVDF 1 membrane. This 

implies that PVDF 1 was more hydrophilic compared to PVDF 0 due to the 

presence of nano-Fe3O4. This is in agreement with the finding reported by 

Hong and He (2014) where the presence of ZnO in PVDF membrane reduced 

the contact angle of neat PVDF membrane from 70o to 63o. Similar results 
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were also published by Ngang et al. (2017) and Zhang et al. (2015) by using 

SiO2 and hydroxyapatite, respectively.   

Table 3. Separation performance of PVDF 0 and PVDF 1 membranes 

Membrane Contact 

angle (o) 

TSS (%) COD (%) BOD5 (%) 

1st 

cycle 

5th 

cycle 

1st 

cycle 

5th 

cycle 

1st 

cycle 

5th 

cycle 

PVDF 0 77.13 ± 1.58 97.82 97.88 56.45 58.38 88.67 73.15 

PVDF 1 70.99 ± 2.72 98.72 97.93 57.89 57.84 94.73 76.84 

 

Generally, PVDF 1 membrane performed slightly better compared to 

PVDF 0, especially in BOD removal. PVDF 1 removed 94.73% of BOD while 

PVDF 0 removed 88.67% of BOD in the first cycle. In this cycle, both PVDF 

membranes successfully treated the BOD up to the discharge limit set by the 

government, which is 100mg/L (Ahmad et al., 2003; Ma et al., 1993). The final 

concentration of BOD5 for PVDF 0 and PVDF 1 were 98.22mg/L and 45.72 

mg/L, respectively, as showed in Figure 2. This indicates that the presence of 

nano-Fe3O4 improved the hydrophilicity of PVDF membrane and thus 

enhances its performance in removing organic compounds that can be 

decomposed by microorganism compared to PVDF 0. The performance of 

PVDF 1 membrane was better than the composite cellulose membrane 

produced by Alim et al. (2018), when 70.3% of BOD5 was removed, and the 

treated POME showed a BOD concentration of 95mg/L in the first cycle.  

It is notable that the PVDF membranes exhibited consistent COD (~58%) 

and TSS (~98%) removal, as showed in Table 3. This results were comparable 

with the recent work published by Ho et al. (2017), who treated diluted aerobic 

POME with 151 mg/L COD and 141.67 mg/L TSS, 100% TSS and 75.5% 

COD were removed by using graphene oxide/oxidized multi-walled carbon 

nanotubes mixed-matrix membranes. Although higher rejection rate was 

achieved by the membrane produced by Ho et al. compared to PVDF 1, the 

feed concentration used in their study was lower compared to the current study. 

Besides, the PVDF membranes in study can be reused at least 5 cycles without 

deleterious the performance.  
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Significant reduction in BOD removal was observed in Table 3, where 

PVDF 1 removed only 76.84% and PVDF0 removed 73.15% of BOD in the 

fifth cycle. Comparatively, the removal performance was 94.73% and 88.67% 

for PVDF 0 and PVDF 1, respectively, in the first cycle.  Figure 2 showed an 

increase in the final concentration of BOD5 from cycle 1 to 5. It may due to the 

fouling effect on the membrane surface, and this effect was getting severe as 

the number of cycle increased. Notably, the highest final BOD reading 

observed in the 4th cycle may also due to the high BOD concentration in the 

feed, as showed in Figure 2.  

 

 

Figure 2. Separation performance of PVDF membranes in terms of BOD. 

 

4.0 Conclusion 

The present of nano-Fe3O4 improves the antifouling property of PVDF 

membrane by improving the hydrophilicity of the membrane. Significant 

improvement was observed in BOD removal where PVDF 1 with   nano-

Fe3O4  removed 94.73% of BOD5, while the neat membrane showed  88.67% 

BOD removal. The membranes also showed consistent TSS and COD 

removals in the first 5 cycles of recycling the same membranes. The trend of 
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reduction in BOD removal rate from the first cycle to the fifth cycle suggested 

mild fouling phenomenon on the PVDF membrane. It is recommended to 

improve the RO backwash technique by other cleaning methods such as 

ultrasound cleaning and chemical cleaning.     
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