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Graphical abstract 
 

 

Abstract 
 

Water retting is the main challenge faced during the processing of bast kenaf 

plants. This conventional method has been reported to generate much water 

pollution. A lab-scale experiment was performed using two different polysulfone 

membranes to investigate the effect of additive towards the permeability 

performance and nutrients reclamation efficiency of kenaf retted wastewater. 

From the experiment, it may be concluded that polysulfone membrane with 

10wt.% of polyvinyl-pyrrolidone concentration can be used effectively to 

reclaimed nutrients. Tests with polysulfone membrane without additive 

achieved more than 75% and a polysulfone membrane with 10% additive 

practically reclaimed more than 85% of nutrients from kenaf retted wastewater. 

Nutrients analysis indicated that total nitrogen, total phosphorus and pottasium 

could be reclaimed and can be reuse as liquid fertilizer. 
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1.0  INTRODUCTION 
 

Kenaf planting has been increased around the world 

due to its high biomass yield and the raised fiber 

content [1]. Kenaf (Hibiscus cannabinus L.) has been 

identified as a new commodity plant in Malaysia. The 

products that are manufactured from the kenaf fiber 

served as bio-composite materials such as ropes, nets, 

brushes, mats, carpets, paper, board, textiles products, 

as well as automotive products. However, the rapid 

development of kenaf industry has caused 

environmental issue. The traditional water retting 

method for kenaf harvesting is tedious, time consuming, 

costly and environmentally sensitive. Apart from 

producing large amount of water, high levels of 

nutrients and non-biodegradable substances were 

discharge into water body triggering eutrophication in 

aquatic ecosystem. Water retting is a wet process by 
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which the bundles of cells in the outer layers of the stalk 

are separated from the non-fibrous matter [2]. This 

conventional method has been reported to generate 

much water pollution [3]. 

Retting is the main challenge faced during the 

processing of bast kenaf plants. Traditionally, it was 

carried out by immersing the stems in an open water 

such as river and lake. The predominant task in the 

pretreatment of kenaf fiber is to remove gums including 

peptin, hemicellulose, lignin and other impurities 

without damaging the cellulose fibers [4]. Microbes 

retting were used in the process, which require 14 to 28 

days to acclimatized and degrade the pectic materials 

[5]. A quality of fibre is largely determined by the retting 

condition and duration [6]. The excessive amount of 

nutrient in the retted wastewater could influenced the 

time taken of retting process and adversely affect the 

quality of kenaf stalk [7].  
Due to long period of retting process and large 

water consumption, many efforts have been focused 

on studying the [8]. Membrane technology offers an 

effective solution to the problems of treating 

wastewater.  This paper attempts to fill in some gaps in 

this respect, by providing experimental data on 

performance of polysulfone membrane in treating and 

reclaiming the nutrients from the polluted kenaf ratted 

wastewater. Membrane separation processes with the 

advantages of low cost, no phase transition, high 

efficiency, energy saving and capability of reducing 

contaminant have been widely applied [9]. 

In this work, Polyvinyl-pyrrolidone (PVP) was used as 

an additive to prepared Polysulfone (PSF) membrane. 

The uses of additive in membrane fabrication provides 

a lot of advantages, where additive helps in produces 

more porous membrane structure, larger pore sizes, 

increase hydrophilicity on hydrophobic polymer and 

increase the permeability performance. In this study, 

the effects of additive on membrane morphology and 

permeability performance were investigated. 

Meanwhile, membrane ability towards reclamation of 

nutrients was evaluated. 

 

 

2.0  EXPERIMENTAL 
 

2.1  Materials and Wastewater  

 

The contents of membrane dope solution; polysulfone 

(PS, Mw ~ 22, 000 Da), Polyvinyl-pyrrolidone (PVP, Mw ~ 

58, 000 Da) and N,N-Dimethylacetamide (DMAC) were 

purchased from ACROS Organic. All other used 

reagents were analytically grades. Approximately 1000 

g of freshly harvested kenaf stalks was soaked in 2000 

mL of river water at the planting area for 14 days. The 

samples were collected directly from the retted 

container as the retting process completed.  

 

2.2  Membrane Fabrication 

 

For PS membrane preparation, firstly PSF (15 wt.%) was 

added to DMAC solvent (85wt.%) and was stirred until it 

was completely dissolved. The solution was stirred at 

60oC for more than 8 hours in order to form a 

homogeneous dope solution. Before casting, the dope 

solutions were kept in a bottle at room temperature for 

24 h until no bubbles were observed. Then, the casting 

solutions of PS membrane were spread with a casting 

knife gap setting of 150 µm on a glass plate. The dope 

solution was then formed a thin layer sheet. Then, the 

glass plates were immediately immersed in a 

coagulation water bath (pH = 6.8, T = 25oC) to obtain 

polymer precipitation. The changes of cast film from 

transparent liquid to a white flat sheet can be clearly 

seen.  After 30 min, the membrane was removed from 

the water bath and washed thoroughly with deionized 

water and stored in deionized water including 100 mgL-

1 of glycerol at 4oC for two weeks. The membrane 

preparation was repeated by adding additives PVP 

(10wt%). Membranes with and without additives 

produced were coded with P0 (without additives) and 

P10 (with additives), respectively. 

 

2.3  Membrane Morphology 

 

The top surface morphology of membranes was 

observed using field emission scanning electron 

microscope (FESEM) technique under Carl Zeiss SMT – 

Nanotechnology System Division (SUPRA™ 40VP) at 

standard high vacuum conditions. The outer surfaces of 

membrane samples were coated with gold.  

 

 

2.4 Membrane Performances and Nutrients 

Reclamation 

 

Membrane performances were characterized based 

on permeability against pressure and time, and also 

nutrients reclamation. The permeability test against 

pressure and time were conducted in sequence. During 

the permeability characterization against pressure, the 

membrane was initially filtrated with ultrapure water 

(UPW) at 1 bar for half an hour until the water 

permeability was stable before it being tests. Then, the 

permeability of ultrapure was obtained from the 

volume of the permeated water under a pressure 1 bar 

and 5 bar with the constant temperature applied. After 

about 1 hour permeability test, by changing the feed 

water from ultrapure water (UPW) to tap water (TW) and 

by using the same membrane, the permeability test 

against time was continued under the pressure of 5 bars 

and each value recorded was based on 10 minute of 

permeate collected. Tested were continued for 

another 3 hours. 

Meanwhile, for nutrients reclamation, kenaf retted 

wastewater was used as feed solutions for reclamation 

of potassium (K) in this study. Then, the feed solutions are 

allowed to pass through the membrane at Five (5) bars 

and permeated water of the PFS membrane 

experiments were collected for total nitrogen (TN), total 

phosphorus (TP), and potassium (K) analysis. Each of 

samples was tested for three (3) times to get accurate 

results. The nutrients reclamation, Rn could be 

calculated as,  
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Rn = (1-Ca/Cb) x 100%           (1) 

where, Ca (mg/l) is the concentration of the nutrient in 
the wastewater after the membrane separation and Cb 
is the concentration of the nutrient in the wastewater 
before the membrane separation. Meanwhile, the 
water permeability, Jw was obtained from the volume 
of permeated water and was determined by using the 
following equation: 

Jw = V/AΔt            (2) 

where, V (L)  is volume of water permeated, A (m2) is 

the effective membrane area, and Δt (h) is the 

operation time.  

 

 

3.0  RESULTS AND DISCUSSION 
 

3.1  Effects of Additive on Membrane Morphology  

 

The surface layer and cross section morphologies for 

both fabricated membranes were captured in Figure 1. 

The figure shown, the membrane with 10wt.% PVP 

concentration has the biggest average pore size 

compared to the membrane without PVP. This proved 

that from previous study, PVP is usually used as a pore 

forming agent (Zhang et al., 2011). This result agrees well 

with Wang, Li, & Teo, (1999), where they found that 

large molecular weight Polyethylene-glycol (PEG) or 

Polyvinyl-pyrrolidone (PVP) additives tends to form large 

pore size and thicker skin layer containing bigger pore. 

Both membranes produce a lot of pore with average 

same size and it separated well in membrane surface. 

 

Memb

rane 

Morphology 

Surface Layer Cross Section 

P0 

 

 
 

 
  

 

P10 

 

 
 

 

 

Figure 1 SEM image of the (i) surface layer and (ii) cross section 

for fabricated PSF membranes 

3.2  Effects of Additive on Membrane Performance 

 

Figure 2 illustrated the effect of PVP additives on the 

membrane permeability against pressure. Figure 

shown, the permeability for both fabricated membrane 

P0 and P10 were increased when pressure increased. 

According to Ramlah, (2006), state that increasing 

pressure will increase the volume of solute passing the 

pore on the skin but does not increase the pore size of 

the skin layer.  

Based on the experimental results, the permeability 

of P0 was increased from 95.9 L/m2.h to 254.6 L/m2.h, 

while, the permeability of P10 was increased from 153.8 

L/m2.h to 339.5 L/m2.h at 10wt.% PVP concentration. The 

addition of PVP additive into the dope solution 

increased the water permeability. Additives can lead to 

better permeability in membrane performance 

(Aminudin et al., 2013). 

 

 

 
Figure 2 Permeability against pressure 

 

 
 

Figure 3 Permeability against time 

 

 

Meanwhile, the effect of PVP additives on the 

membrane permeability against time is plotted in Figure 

3. It can be clearly seen that, even membrane P10 

obtain the highest permeability, however it 

permeability performance was slight declined from 

291.0 L/m2.h at minute of 10 to 280.9 L/m2.h at minute of 

180. This result occurred due to bigger pore size form on 

Mag = 100 X 

Mag = 100 X 

Mag = 500 X 

Mag = 500 X 

a (i) 

a (ii) 

b (i) 

b (ii) 



62                                     Nabila Huda A. H. et al. / Jurnal Teknologi (Sciences & Engineering) 78:1–2 (2016) 59–63 

 

 

the membrane surface caused the elements, which is 

available in tap water was trapped inside. In long 

working period, the permeability of the membrane can 

be decreased. 

Referring to Figure 3, the permeability of P0 

membrane, which is designed without additives was 

increased from 205.3 L/m2.h to 208.9 L/m2.h during 

minutes of 150 to minutes of 180. It is due to durability of 

this membrane against pressure during long period of 

time is relatively low. During experiment, some cracks 

were observed on membrane which caused leaking. 

Even though, the permeability changes were not so 

obvious, but, when it is apply on wastewater, the 

reduction of treatment percentage rate will occurred. 

Moreover, P0 membrane is less suitable for wastewater 

treatment at high pressure in long working period. 

Therefore, additional of additive in dope composition is 

favorable to increase the membrane resistance against 

pressure and increase the filtration duration. 

 

3.3  Effects of Additive on Nutrients Reclamation 

 

The effect of PVP additive on nutrients reclamation was 

presented in Figure 4. Based on the bar chart, both 

fabricated membranes were successfully reclaimed the 

nutrient from kenaf retted wastewater. The nutrients 

reclamation obtained from this study are listed in Table 

1. 

 
 

Figure 4 Percentage of nutrients reclamation 

 

 

However, the P10 membrane with consist of 

PSF/DMAC/PVP at 10wt.% of additive resulted the 

highest nutrients reclamation at 95.6% (TN), 92.1% (TP), 

and 88.1% (K). This shows that, additional of additive not 

only improved the membrane permeability but also 

nutrients reclamation ability. According to Ismail & 

Hassan, (2007), the additive concentration in the 

polymer solution has a significant influence on 

membranes separation performance and structural 

properties.  

 

 

Table 1 Nutrient reclamations obtained using fabricated PSF membranes 

Nutrient 
Concentration of Reclamation (mg/L) Percentage Reclamation (%) 

P0 P10 P0 P10 

TN 3.2 1.1 87.2 95.6 

TP 2.4 1.1 83.0 92.1 

K 90.0 44.3 76.0 88.2 

 

 

4.0  CONCLUSION 
 

The fabricated PSF membranes in this study have been 

successfully used for nutrient reclamation from kenaf 

retted wastewater. Both membranes were capable to 

reclaim nutrients content for more than 75%. Results 

showed that the best membrane with 10wt.% PVP 

concentration was the effectively in reclamation the 

total nitrogen (TN), total phosphorus (TP), and 

potassium (K) by 95.6%, 92.1, and 88.2% respectively 

which is more higher compared to the P0 membrane. 

This proved that, additional of additive in membrane 

dope composition was helped in membrane 

performance. From this study, this treatment process 

can reduce the volume of the wastewater discharged 

by over half, besides, reclamation of nutrients content 

which can be reuse as liquid fertilizer for plant growth. 

Even though P10 membrane is shows the best 

performance in term of nutrients reclamation, but its 

working ability period is low. Therefore, further study on 

membrane working performance period was needed 

toward increase the membrane working performance 

ability. 
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