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ABSTRACT 

The study was conducted to investigate the possibility of using pineapple leaf 
fibres (PALFs) as an alternative source of cellulose polymer for membrane 
fabrication. The membranes were fabricated from dope solution containing 
cellulose/ N-methylmorpholine-N-oxide (NMMO)/polyethylene glycol 
(PEG 400)/ N-propylgallate with a mass ratio of 8/ 88/ 3.5/ 0.5 by using 
immersion precipitation method. The permeation characteristics, structure 
and morphology of the membranes were investigated upon substituting the 
former cellulose source by the means of microfiltration rate (MFR), rejection 
rate (RR), Fourier Transform Infrared (FTIR) spectroscopy and Scanning 
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Electron Microscopy (SEM), respectively. It was found that membranes derived 
from PALEs exhibited higher RR of 86.51%, but slightly lower MER 
(i.e. 91. 79 mLh 'm:mmHg') than the former membrane type under an applied 
pressure of 10 psi. Both of the membrane types (i.e. PALEs and hardwood) 
possess analogous chemical structures which have been confirmed by the 
existence of similar functional groups detection. Meanwhile, SEM analysis 
revealed that the source of cellulose had brought profound effect on the 
structural and morphology of resultant membranes. In general, matte and 
porous surfaces in a sponge-like configuration and uniform granular 
microporous structure were observed throughout the thickness of both 
membranes. The average pore size of membrane derived from PALEs exhibited 
to be smaller than the hardwood which in turn affected the MER and RR 
performances. Hence, based on the overall results, it can be concluded that 
PALEs as a non-wood plant can be utilized as one of the alternative sources 
for cellulose polymer in preparing the cellulosic microfiltration membranes. 

Keywords: membranes, cellulosic, pineapple leaf fibres (PALEs), hardwood, 

immersion precipitation 

Introduction 

Membrane separation technology has gained great importance in the last 
three decades, competing with long established technologies for water 
desalination, food processing and medical application (Zhang et al., 2001; 
Abe and Mochizuki, 2003; Rezvanpour et al., 2008; Lowe and Hossain, 
2008). In chemical industries, microporous membranes play an important 
role in the recovery of valuable products as well as treating effluents while 
minimizing environmental problems. However, most of the membrane 
materials are prepared from petrochemical, which contribute to pollution 
when nonbiodegradable polymer is being abandoned after being used. 

Recently, renewable resources have attracted a lot of attention due 
to its great importance for a sustainable development and also 
environmental conservation. It is known that cellulose possesses a 
remarkable hydrophilic property which enables it to be biodegradable. 
These have been widely applied to the various applications in membrane 
separation technology such as microfiltration, ultrafiltration and dialysis 
(Abe and Mochizuki, 2003; Li et al., 2006; Radiman et al., 2008; 
Rezvanpour et al., 2008). However, until present, cellulose and its 
derivatives are derived from hardwood plants. The major drawbacks of 
this source are the production cost and process which are too costly, as 
well as the utilization of toxic and environmental-unfriendly intermediates 
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during the pulping process. The needs to investigate on alternative and 
cost-effective membrane materials are very crucial in overcoming these 
concerns. Therefore, non-wood plants have been seen as the most 
promising source to substitute it. 

Non-wood sources are commonly associated with lignocellulosic 
agricultural byproducts and/or wastes. These sources are renewable, 
copious and cheap from the annual cul t ivat ion act ivi t ies 
(Xiao et al., 2001; Reddy and Yang, 2005). However, the literature on 
utilization of cellulose and/ or cellulose derivatives derived from non-
wood plant as polymeric material for membrane applications is still scanty 
(Basta et al., 2003; Radiman et al., 2008). Until present, no research has 
been published on the utilization of pineapple (Ananas cosomus) leaf 
fibres (PALFs) as one of alternative sources of cellulose polymer for 
membrane fabrication. Thus, the objective of this research is to study 
the possibility of using PALFs as an alternative source of cellulose in 
preparing cellulosic micro filtration membranes. 

Experimental 

Materials 

The polymer used in this work was divided into two types in accordance 
to its" sources as depicts in Table 1. Cellulose derived from hardwood 
plant was used as referential material. The PALFs were extracted 
mechanically from raw pineapple leaves and preceded for further 
treatment with 5 wt% NaOH solution for an hour at 30°C. The polymers 
were dried at 80°C for 24 hours until constant weight prior to be used. 

Table 1: Types of Cellulose Polymer and Its' Properties 

Type 

A 

B 

Source 

Non-wood 
(PALFs) 

Hardwood 

C ellu lose composi 

± 94.58 

±98 

tion (%) Remarks 

Results obtained from the 
solubility extraction analysis 

Purchased from Acros 
Organ ics 

N-methylmorpholine-N-oxide monohydrate (NMMOH.O), in white 
crystal form with a melting point approximately 72°C and 13.3 wt% of 
water, was selected as solvent. /V-propylgallate was used as an antioxidant 
for stabilizing the degree of polymerization of cellulose during the 
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dissolution process (Zhang et al., 2001). Polyethylene glycol with an 
average molecular weight of 400 Dalton (PEG 400) was used as the 
pore former. Dextran T-2000 was purchased from Sigma for permeation 
tests. All chemical reagents used in this work were analytical grades 
and purchased from Acros Organics. 

Preparation of Cellulose Membrane 

Initially, 88 grams of NMMOH.O was heated at 90°C until completely 
dissolved in round flask. PEG 400 and /V-propylgallate were then added 
and dissolved by stirring. After the mixture became transparent, 8 g of 
dried cellulose was added into the solution and stirred vigorously under 
nitrogen for 6 hours until homogeneous dope solution was obtained. Finally, 
the dope solution was poured into clean bottles and degassed by ultrasonic 
bath at 90°C to eliminate air bubble formation before proceeding to casting 
process. 

The dope solution was then casted on a glass plate using a casting 
knife with a clearance of 200 |um to form a solution film. Then, the 
casted solution was immersed gently into coagulation bath of water at 
25°C for 2 hours without any agitation. The membrane was gradually 
formed during the immersion precipitation process. After coagulation, 
the membrane was taken out of the coagulant and washed with distilled 
water for 24 hours to leach out the residual solvent. The resultant 
membrane was soaked in 50 wt% glycerin aqueous solution and finally 
air-dried at ambient temperature. 

Permeability Characteristics Measurement 

Membrane performances were investigated with respect to the 
microfiltration rate (MFR) for pure water and the rejection rate (RR) 
for dextran. The permeability characteristic measurement involved the 
use of dead-end permeation cell in which the membrane was placed on 
a sintered metal plate at pressure of 10 psi. Circular membrane discs 
with an effective permeation area of 18.1 cm2 were used. Experiments 
were carried out at ambient temperature. The microfiltration rate (MFR) 
through the wet membrane was calculated by using the following 
equation: 

IS 
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where MFR is the permeability which expressed as mLlr'm^mmHg1; 
V is the filtrate volume (mL); A is the membrane effective surface areas 
(m2); t is the time taken (h) and P is the operation pressure (mmHg). 

The selectivity of membrane performance was determined by the 
rejection rate (RR), which is calculated using the following equation: 

RR 
cfJ 

xl00% (2) 

where Cp and C are the dextran's concentration in permeate and feed, 
respectively. 

Fourier Transform Infrared (FTIR) Spectroscopic Analysis 

FTIR is a very useful tool to detect the existence of the functional groups 
in a membrane. Measurements were carried out using Nicolet™ 6700 
FTIR spectrometer. The spectra were measured with an average of 64 
scans and a resolution of 4 cm1. Then, the spectra were analyzed in 
transmittance mode in a wave number ranging from 4000-600 cnr1 by 
using commercialized available software. 

Scanning Electron Microscopy (SEM) 

SEM (Carl Zeiss-FESEM LEO SUPRA 50VP) was used to investigate 
the structure and morphologies of the membranes. The membranes were 
mounted on the sample studs using double-sided adhesive tape. The 
sample holder was then placed and evacuated in a sputter-coater with 
gold at a working voltage of 20 kV. The purpose of membrane coating 
with a thin layer of gold is to facilitate the transport of electrons from the 
electron beam that were not reflected or transformed to secondary 
electrons. 

Results and Discussion 

Permeability Characteristics 

Microfiltration rate (MFR) and rejection rate (RR) have been identified 
as key factors in determining membranes performances. It was found 
that at the same cellulose concentration, the MFR of cellulose membrane 
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derived from PALFs was much lower than hardwood. The MFR values 
of cellulose membranes derived from PALFs and hardwood were at 
91.79 ± 5.42 mLlr'iTrmmHg ' and 103.68 ± 4.28 mLh'm^mmHg1, 
respectively. This behavior can be attributed by the structure of respective 
membranes types. Whereas, it is known that high surface porosity of 
resultant membranes could lead to the enhancement of permeation flux 
(Radiman et al., 2008). This finding was corroborated by the SEM results, 
whereby, the cellulose membranes derived from PALFs possessed lesser 
surface porosity than the hardwood. 

However, it was also noted that cellulose membranes derived from 
PALFs possessed higher RR than hardwood. The RR values for cellulose 
membranes derived from PALFs and hardwood were at 86.51 ± 0.73% 
and 73.83 ±2.11 %, respectively. The determination of RR is a key factor 
in permselectivity aspect. The difference of RR between these two 
sources is approximately 12.68%. Hence, it can be deduced that the 
cellulose membranes derived from PALFs showed better performance 
than the hardwood for both aforementioned factors due to significant 
differences in RR compared to MFR. From the above discussions, it is 
clear that source of cellulose has a profound effect on MFR and RR 
properties of cellulose membranes. 

FTIR Analysis 

Figure 1 shows the FTIR spectra of cellulose membranes for each 
respective type (i.e. A: non-wood; B: hardwood). In general, both 
spectrums depict similar existence of functional groups except for the 
strong transmittance at wave number of 1732 cm"1 for Spectrum A. This 
feature was attributed by aromatic O C due to the presence of 4.32% 
lignin in the extracted PALFs. Table 2 summarizes the significant 
transmittance bands assigned to corresponding functional groups presence 
for both membranes. These results are in harmony with those reported 
by Moran et al. (2008), Ruan et al. (2004) and Carrillo et al. (2004) for 
cellulose films and membranes. 
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Table 2: Transmittance Band Assignments for Cellulose Membranes 

Wave Number 
(cm1) 

3000 - 3500 

2900 

1732 

1640- 1650 

1420 

1350- 1380 

1300- 1315 

1150- 1160 

1010- 1020 

893 - 895 

Assignment 

-OH stretching intramolecular 

CH stretching 

Aromatic C=C skeletal vibrati 

OH of water absorbed from ce 

CH, symmetric bending 

CH bending 

CH, wagging 

C-O-C asymmetric streching 

C-O streching 

Group C, frequency 

hydi 

on 

ogen bonds 

llulose 

Component 

Cellulose 

Cellulose 

Lignin 

Cellulose 

Cellulose 

Cellulose 

Cellulose 

Cellulose 

Cellulose 

Cellulose 

Scanning Electron Microscopy 

Scanning electron microscopy was carried out in order to elucidate the 
structural and morphological changes of membranes derived from 
different types of cellulose sources (i.e. non-wood and hardwood plant). 
The surface morphologies for both types of membranes were revealed 
by SEM as depicted in Figure 2. Matte and porous surfaces in 
sponge-like configuration were exhibited at the surface of both 
membranes. The lighter and darker areas signify the solid portions and 
pores or voids of the membranes, respectively. 

In view of these results, the whole coagulation process can be 
described as follows: When the dope solution is in contacts with the 
coagulant, a counter-diffusion and chemical neutralization process occurs 
between solvent in the dope solution and nonsolvent in the coagulant. 
The removal of solvent from dope solution and penetration of nonsolvent 
into the dope solution have resulted in cellulose dissolubility which leads 
to the formation of fluid gel that gradually being converted into solid 
state after precipitation and regeneration. Therefore, the coagulation 
mechanism contributes to phase separation, culminates in a cellulose 
rich phase and cellulose-poor phase. The weave penetration of nonsolvent 
in the cellulose rich phase contributes to the formation of mesh structure 
in sponge-like configuration. These findings are in accordance to 
Zhang et al. (2001; 2005) and Ruan et al. (2004). 

By referring to Figure 2 (B, D), it can be seen that the average pore 
size distributions of membrane derived from non-wood plant was smaller 
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(A) (B) 

Figure 2: SEM Surface Micrographs of Optimized Cellulose Microfiltration 
Membranes Derived from Non-Wood Plant, i.e. PALFs (A, B) and Optimized 
Cellulose Microfiltration Membranes Derived from Hardwood Plant (C, D) 

having Cellulose Concentration of 8 wt% 
(Magnification power = 5 K x (A, C) and 10 K x (B, D)) 

than the hardwood plant. The difference in the average pore size had led 
to slight reduction in MFR but increased in RR values as has been 
discussed previously. Therefore, it can be concluded that type of cellulose 
sources, can greatly affect the membrane structure and morphology. 

Conclusion 

This study has demonstrated that PALFs can be utilized as an alternative 
cellulose polymer in preparing cellulosic microfiltration membranes. The 
dextran's RR was 86.51% and 73.83% for membranes derived from 
PALFs and hardwood, respectively. Both of the membranes possess 
analogous chemical structures which have been confirmed by the 
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existence of similar functional group detections. The SEM analysis 
elucidated that the source of cellulose has profound effect on the structure 
and morphology of resultant membranes. In general, matte and porous 
surfaces in sponge-like configurations are observed throughout the 
surfaces of both membranes. The average pore size of membrane derived 
from PALFs is exhibited to be smaller than hardwood. These findings 
signify the potentiality in substituting hardwood to non-wood plant as the 
prominent source of cellulose polymer in near future. 
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