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Abstract
In the present era of scarcity of water resources, effective treatment of wastewater is a major prerequisite for growing 
economy. Developing cost-effective technologies to solve the water pollution problems are critical to sustainable de-
velopment of human society. Various treatments, recent advanced processes in nonmaterial sciences have been attract-
ing the attention of scientists. The Nano composite membranes play very important role in wastewater treatment for 
removal of hazardous materials such as toxic heavy metals, dyes and microbes. Bio based Nano fibers are increasingly 
considered in purification technologies due to their high mechanical properties, high surface area and versatile surface 
chemistry. Cellulose is the most abundant natural bio polymer. The low cost raw cellulosic material has gained increas-
ing attention due to stiffness, biodegradability and renewability. Cellulose fibers are hydrophilic in nature, so it becomes 
necessary to increase surface roughness for the development of composites with enhanced properties. Cellulose acetates 
(CA) are esters of cellulose; CA is useful material in industry with applications in the field of coating, film and mem-
brane separation. Through electrospinning CA can be transformed into nanofiber materials by using solvents. The CA 
nanofibers were functionalized with thiol groups using thioglycolic acid to form thiol cellulose nanofiber membrane 
(TCM). The cellulose nanofibers also surface modified with additives like phytic acid, dithizone, SDS, L-dopa, Fe3O4 
Nano particles, SiO2 for enhance adsorption properties of membranes. In this review, highlights on surface modification 
and functionalized of cellulosed- based nanofibers by various methods, characteristics of nanofiber membranes and 
adsorption behavior for removal of pollutants from wastewater.
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Introduction

The global population has increased from 5.3 billion in 1990 to 7.8 billion in 2018. With this 
increase, there has been a race towards rapid industrialization to provide so called better qual-
ity of living. This has resulted in the rise of both air and water pollution. Numerous measures 
have been taken to curb the extent of toxic waste especially in water resources, as water is one 
of the fundamental essentials of our everyday life. Although the numbers have increased over 
the years, 663 million people worldwide still lack improved drinking water resources, while 
159 million people still use surface water[1].
 In recent years, the development of membrane technology has geared up as a mean to 
overcome water pollution effectively. Statistics show that membrane technologies contribute 
up to 53 % of the total world processes for clean water production[2]. The increasing demand 
in membrane technology is mainly due to their features itself as well as the ability to apply 
them in sustainable industrial designs. Ideally, membranes should have characteristics such as 
increased life span, good mechanical, thermal, and chemical stability, low cost, and minimum 
maintenance. The use of membranes also enables the improvement of industrial design where-
by less land space is required for the setting up of various processes, energy consumption is 
low, and no additional chemical is needed when compared to conventional technologies. This 
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renders membranes as an economical technology with potential 
in various fields such as separation, filtration, and catalysis for 
water treatment.
 Membranes have been used for water treatment for 
more than 45 years. A wide range of materials are available for 
the fabrication of membranes. These materials can generally be 
grouped into ceramic-based and polymeric-based membranes. 
Ceramic-based membranes are popular as they are thermal-
ly and chemically more stable, have high porosity, and have a 
longer life span though, they are more expensive and brittle. 
Polymer-based membranes on the other hand offer flexibility 
in design, are cheaper, can remove dissolved ions and organics 
more efficiently[3]. Nevertheless, they also have some disadvan-
tages including high hydrophobicity, exposure to biofouling, 

low fluxes, and low mechanical strength. We realize that there 
is abundant literature on both ceramic- and polymeric-based 
membranes[4-8]. Particularly, recent reviews on polymer Nano 
composites for membrane applications have emerged[9]. Majori-
ty of these reviews are focused on synthetic polymers. Reviews 
related to natural polymer composite membranes can be hardly 
found in the literature[10,11]. As such, this chapter has been orga-
nized to give the readers an overview of the different types of 
natural polymer composite membranes and their functions. This 
chapter highlights the application of novel cellulose-, chitosan-, 
and natural rubber-based composite membranes in sustainable 
technologies between 2010 and 2015.

Table 1: Summary of Natural polymer (Cellulose) composite membranes (Types: TFC- Thin film composites, MM- Mixed matrix, PI- Polymer 
Inclusion).
Natural polymer matrix Additives Type Function Application Refs.
Chitosan/ cellulose Ag NPs MM Antimicrobial Anti-biofouling [12]

Polyacrylic MM Antimicrobial Anti-biofouling [13]
Dithizone TFC Adsorption Adsorption of lead [14]
5,10,15,20-Tetrakis (1-meth-
yl-4-pyridinio) porphyrin tetra 
(p-toluene sulfonate)

TFC Adsorption Removal of cadmium [15]

Cellulose CuO NPs MM Antimicrobial Disinfection of water [16]
TiO2Nano thorn TFC Filtration/catalysis Removal of MB and humic acid [17]
Dendrimer–Ag MM Catalysis/antimicrobial Removal of rhodamine B/disinfec-

tion of water
[18]

Cellulose/PVC Fe3O4NPs MM Adsorption/filtration Removal of lead [19]
Cellulose acetate SDS TFC Filtration Rejection of pesticides [20]

L-dopa TFC Filtration Antifouling [21]
Alkyl derivative of resorcinarene PI Adsorption/filtration Removal of Pb(II), Cd (II), and 

Zn(II)
[22]

Iron NPs MM Filtration Rejection of phosphates and organ-
ic pollutants

[23]

Cellulose acetate/PEG-600 Ag MM Antimicrobial Salt rejection/anti-biofouling [24]
Cellulose acetate/PAN Ag NPs TFC Filtration/antimicrobial Salt rejection/anti-biofouling [25]
Cellulose acetate/PANI Phytic acid MM Adsorbent Removal of Hg(II) and Cr(VI) [26]
Cellulose acetate/PEG SiO2 MM Filtration Salt rejection [27]
Cellulose acetate/cellulose 
triacetate

Boehmite MM Filtration Salt rejection [28]

Cellulose triacetate Modified ZnO MM Filtration Separation of rhodamine B [29]
Aliquot 336 PI Adsorption Separation of acid violet 90 and 

acid yellow 127
[30]

Cyphers PI Filtration/adsorption Separation of Zn(II) [31]
Activated carbon (AC) MM Adsorption/filtration Removal of uranium [32]
2-(10-carboxydecylsulfanyl) ben-
zoic acid methyl monoester

PI Filtration Separation of Pb(II) [33]

Cyanex 923 PI Adsorption/filtration Removal of phenol [34]
Hydroxyl ethyl cellulose/
sodium alginate

Humic acid MM Adsorption Adsorption of Cd(II) [35]
Humic acid MM Adsorption Removal of MB and rhodamine B [36]
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Figure 1.1: Structures of various natural composite membranes: a thin-
film composite, b blends,
C mixed matrix, d molecular imprinted, and e polymer inclusion (Noor 
Hana, 2016)

 
Figure 1.2: Various shapes of natural composite membranes: a flat 
sheet, b hallow fiber, and c Nano fibrous

Main Functions and Characteristics of Natural Composite 
Membranes
As natural polymer composite membranes can be either inert or 
catalytically active, the role of these membranes can be catego-
rized based on the following areas:
• Filtration: This process can be further classified according to 
the pore size of the filter. This includes microfiltration, ultrafil-
tration, Nano filtration, and reverse and forward osmosis. A de-
tailed summary on various classes, their respective pore sizes, 
and the materials these filters are capable of removing has been 
given elsewhere[37,38].
• Adsorption: This process involves the capture of substances 
by physical or chemical means. Physisorption is a reversible re-
action that allows substance recovery possible, while the latter is 
not. Adsorption has been extensively applied for their removal 
of multivalent heavy metal ions, for example, Pb(II), Cd(II),and 
Cr(IV)[39]. Organic substances such as phenol, dyes and art emi-
dine can also be removed and recovered by using molecular im-
printed membranes with high selectivity.
• Catalysis: In these membranes, metal or semiconductor  
nanoparticles are normally incorporated to serve as the active 
component (catalyst) for a certain catalytic reaction[40,41,17]. 
When semiconductors such as TiO2 or ZnO are employed, a 
light source (e.g., UV, sunlight) is needed to initiate the reaction. 
Thus far, the application of catalytic membranes is limited to the 
degradation of synthetic dyes and nitro aromatic compounds and 
photocatalytic antimicrobial purposes.
• Antimicrobial/fouling: One of the biggest challenges of mem-
branes in water treatment application is fouling or particularly 
biofouling. Fouling is the buildup of unwanted particulates onto 

a wetted surface. This layer of particulate tends to cause sever-
allosses in performance and reduces the life span of membranes. 
Furthermore, it results in high cleaning maintenance. 
• Generally, there are three approaches to reduce the biofouling 
problems in a membrane:
 Suppress the adhesion of biologic particulates onto the 
membrane;
 Biocide leaching or toxic release;
 Contact killing.

Figure 2: Commonly used cellulose structures in membrane technol-
ogy

 The first strategy involves the alteration of the surface 
hydrophilicity, roughness, or charges of the membranes. In con-
trast, the latter two strategies address the biofouling problems 
by incorporating inorganic species as the antimicrobial agent in 
the membranes. Silver Nano particles, carbon Nano tubes oxide 
nanoparticles and ammonium salts are some of the examples. 
Organic antimicrobial agents can also be employed. However, 
this is less favorable due to their poorer ability to with stand 
adverse processing conditions as compared to inorganic antimi-
crobial agents.
 The application of cellulose-based membranes in wa-
ter filtration has been greatly explored since the 1960s. In fact, 
cellulose acetate membranes were the first membranes used in 
commercial reverse osmosis plants in 1965 (History Reverse 
Osmosis link, 2015). To date, cellulose filter membranes with 
various pore sizes can be found commercially to remove differ-
ent sizes of substances. Cellulose membranes have been used 
in a broad range of filtration spectra that cover from microfil-
tration to osmosis processes[42,43]. They are capable of removing 
bacteria, viruses, antibiotics, pesticides, synthetic dyes, oil and 
grease, heavy metals, and even dissolved salts. The features of 
cellulose filter membranes can be improved by adding additives. 
Bentonite[44,45], boehmite[46], modified coal[47], and Sodium Do-
decyl Sulfate (SDS)[20] are incorporated into cellulose to increase 
the water permeability of the filter membranes (higher flux) by 
modifying the membranes’ surface porosity and hydrophilici-
ty. Other additives such as silica[24], iron Nano particles[24] and 
Carbon Nano Tubes[48] also improve the cellulose membrane 
in terms of their durability and thermal and mechanical prop-
erties. Nonetheless, a decrement in salt rejection and mechan-
ical strength has been observed when Poly Octahedral Slices 
Quioxane (POSQ) nanoparticles are applied as the additives[49]. 
In most cases, adsorption occurs besides filtration. Positive-
ly charged heavy metal ions are favorably adsorbed on to the 
negatively charged cellulose membrane, while water permeates 
through the interconnected pores of the membrane. However, 
due to the low surface area of cellulose, the absorptive sites are 
occupied quickly by metal ions and cause a drastic drop in metal 
ion rejection. Completing agents (e.g. humic acid, phytic acid), 
adsorbent particles (e.g. iron oxide, graphite, silica) or carriers 
(e.g. Calix resorcinarens) are integrated into the cellulose mem-
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branes to increase the metal removal efficiency from water. A 
common feature between these additives is their capability to 
form interaction with metal ions. For example, activated carbon 
and iron oxides offer negatively charged surfaces to adsorbed 
U(VI) and Pb(II), respectively, through complexation[19,32]. Nev-
ertheless, the metal removal efficiency of cellulose composite 
membranes is also dependent on other parameters such as pH, 
do pant, concentration of metal ions, and temperature[36]. The 
fabrication of silver–cellulose membranes and their biofouling 
resistance properties have been reported in many studies[50,51]. 
Silver nanoparticles not only increase the surface hydrophilicity 
of the membrane, brutal so release the silver ions (biocides) that 
will eventually kill bacteria. Nevertheless, the strength of the 
bio-fouling resistance of silver–cellulose membranes is depen-
dent on the amount, size and the location of silver nanoparticles 
in the membrane[52] conducted SEM-EDS mapping studies on a 
series of Ag polymer membranes and correlated them with their 
antimicrobial properties. They demonstrated that the silver nano 
particles located on the player of the membranes are easier to 
leach out and hence exert higher antibacterial properties. Copper 
oxide particles in the cellulose membranes also show superior 
anti-bacterial properties[16]. Similar to silver; its origin of toxic-
ity comes from the leaching of metal ions. Photo catalytic anti-
bacterial properties of semiconductor oxides especially TiO2 and 
ZnO in cellulose membranes have also been explored. Under 
the irradiation of light, reactive oxygen species such as OH−, 
H2O2, and O2− are generated. These oxygen species can penetrate 
through bacteria’s cell wall and inhibit their growth[53,17]. Besides 
imparting antimicrobial properties, the photo catalytic proper-
ties of these membranes can also be used for the degradation of 
pollutants in water. Furthermore, the presence of semiconduc-
tor oxides can lead to simultaneous improvement in membrane 
stability, flux permeability, and porosity[54,55,15,17] have prepared 
multifunctional TiO2 and TiO2/ZnO– cellulose membranes for 
water purification. These membranes were used for concurrent 
filtration and photo degradation to remove methylene blue and 
humic acid with high flux and anti-fouling properties. To what 
extent is it ‘green’? This is one of the questions which frequently 
pop up when the topic of discussion circulates around renewable 
materials. When discussing natural composite membranes, the 
extent to which it is ‘green’ can be reflected from several aspects 
that is the preparation, materials and function of the membrane.
 Electro spinning is a technology for preparation of ul-
tra- long one-dimensional fiber materials with diameters in the 
scale of nanometer, which exhibits high specific area. Therefore, 
electrospinning membrane may have a great potential for the 
adsorption of metal ions. It is well known that electrospinning 
nanofibers have found applications in bio- medicine[56,57], tissue 
engineering[58,73] and armored fabric materials[59]. Introduction of 
functional groups onto the surface of electrospinning nanofibers 
could be further improved their utilization as adsorbents to re-
move heavy metal ions. Indeed, sulfinyl group[60], Carboxyl[61,62], 
amino[63,64], thiol group[65,71,74] and thioether group[66] have been 
used and resultant materials showed excellent adsorption capac-
ity towards metal ions for example, Cu(II)[40], Cr(VI)[68], Cr(III)
[67,75]. In this work, we further explored the composite of CA/
PVP by functionalizing with thiol groups. Nanofiber membranes 
were prepared using a mixture of CA/PVP via an electrospin-
ning technique. Subsequently, the PVP of the membranes was 

partially removed and the CA was further deacetylated before 
functionalization with thiol groups. Characterization of the ob-
tained nanofibers was completed using infrared spectroscopy, 
scanning electron microscopy, and thermo gravimetric analysis. 
The adsorption behaviors and kinetics of the materials towards 
selected metal ions, Cu (II), Cd(II) and Pb(II), were investigat-
ed. The durability of the material was estimated using repetitive 
adsorption-desorption. The nanofiber membranes are prepared 
using an electrospinning technique, and then the membranes are 
treated with water and alcoholic KOH to partially remove poly-
vinylpyrrolidone and deacetylate the cellulose acetate in order 
to increase binding site when further being functionalized with 
thiol groups using thioglycolic acid. In the earlier worker’s other 
references, the membranes were modified directly without be-
ing treated with water or other solvent. The advantage of the 
proposed thiol-functionalized cellulose Nano-fibers is greater 
adsorption capacity and faster adsorption speed.

Experimental
Cellulose Acetate (CA) is a useful material in industry with ap-
plications in the fields of coating, film and membrane separation. 
Through electrospinning, CA can also be transformed into nano-
fiber materials. In electrospinning, choosing appropriate solvent 
is vital because the solvent dictates not only whether a material 
can be electro spun into nanofibers, but also the quality of the 
nanofibers. It was reported that a mixed solvent of acetone/di-
methyl acetyl amide (DMAc) (2/1) was the most versatile sol-
vent for the electrospinning of CA (Liu H et. al, 2002). CA can 
also be mixed with other polymers to produce nanofibers, for 
example, CA/PolyVinylPyrrolidone (PVP) fibers were success-
fully prepared using electrospinning[42].

Preparation of the cellulose nanofiber membranes
Deacetylation
The CA/PVP nanofiber membranes were immersed in deionized 
water to partially remove the PVP component under super son-
ification for 3 h. After being dried at 80 °C under vacuum for 
24 h, the membranes were deacetylated in alcoholic KOH solu-
tion (0.5 mol L-1) for 3 h. The regenerated cellulose membranes 
(RCM) were then rinsed with distilled water for several times 
and dried under vacuum at 80°C.

DSacetyl of RCM
RCM (0.1 g) was added to a solution of NaOH (0.2 mol L-1) in a 
mixed solvent (EtOH/H2O = 5/4, 10 mL) at ambient temperature 
for 72 h under stirring. The excessive base was titrated with HCl 
(0.1 mol L-1) using phenolphthalein as an indicator.

Modification of RCM with thioglycolic acid
RCM (6 g) were placed in a mixture of thioglycolic acid (50 
mL), THF (50 mL) and suphuric acid (98%, 0.2 mL) in a flask 
(250 mL). The reaction mixture was gently stirred at 40 °C for 
2 days. Then the membranes were successively washed with 
distilled water till neutrality before being further washed with 
ethanol for a few times to remove the water of the material as 
much as possible. The thiol-functionalized cellulose nanofiber 
membranes (TCM) were dried under vacuum at 30 °C for 2 days 
before being used in next step.

https://www.ommegaonline.org/
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The optimization of adsorption conditions
Throughout this work, the membrane used for investigations 
was 50 mg and the volume of solution was controlled at 20 mL. 
The temperature for all experiments was controlled at 27 °C.

Effect of acidity
TCM (50 mg) was placed in a conical flask containing of solu-
tion (20.0 mL, 50 mg L-1) of M(II) (M = Cu, Cd, Pb). The initial 
pH of the solutions was adjusted to between 2.0 and 7.0 using 
either HCl (0.1 mol L-1) or NaOH (0.1 mol L-1) aqueous solution. 
The solution was kept at 27 °C under agitation for 36 h. The 
content of the metal ion remained in the solution was analyzed 
using AAS.

Effect of contacting time
TCM (50 mg) was added to M(II) solution (20 mL, 50 mg L-1). 
To the mixture was added HCl (0.1 mol L-1) or NaOH (0.1 mol 
L-1) aqueous solution to adjust the pH value. Agitation of the 
solution was performed at 27 °C for 12 h. The concentrations of 
the metal ions remained in the solution were measured every 2 
h using AAS.

Adsorption isotherms
To a conical flask (50 mL) was added TCM (50 mg) and the 
metal ions solution (20 mL), whose pH value was adjusted to 
6. The concentration of the metal ions varied from 10 to 80 mg 
L-1. The solution was kept at 27 °C under agitation for 12 h. The 
concentration of the metal ion remained in the solution was an-
alyzed using AAS.

Desorption of the metal ions and repetitive adsorption
TCM (50 mg) adsorbed with the metal ions as described above 
(initial concentration 50 mg L-1) was used in the de- sorption 
investigation. The desorption of metal ions was carried out in 
HCl aqueous solutions (25 mL) of varying concentrations, rang-
ing from 1 to 8 mol L-1. The conical flasks were kept at 27 °C 
under agitation for 36 h. The concentrations of the metal ions in 
the solutions were analyzed using AAS. After the desorption at 
optimal acidity, the membranes were rinsed with distilled water 
to remove any residual solution and then dried in vacuum at 30 
°C for 2 days before being used in next round of adsorption-de-
sorption investigation.

Electrospinning and grafting of thiol groups
A mixed solvent of acetone and DMAc was used for electrospin-
ning. Various ratios of CA/PVP were used for the preparation 
of the nanofiber membranes. The morphology of the five CA/
PVP composite fibers is shown in Figure 1. As shown by their 
SEM images, all of the electro spun nanofibers showed smooth 
surfaces and were cylindrical in shape. But it is noticeable that 
the smoothness of the fiber decreased with the increase of the 
ratio of CA/PVP. Com- pared to the fibers at other ratio, the 
material obtained at the ratio of 25/9 exhibited relatively even 
distributions in diameters. Therefore, the ratio of 25/9 was used 
throughout this work. To increase the surface area of the fibers, 
the water solubility of PVP was exploited. As shown in Figure 2, 
the electro spun CA/PVP composite fibers remained in a cylin-
drical form with slight decrease in diameter after being treated 
with water and grooves were found on the surface of the washed 

fibers which would lead to larger surface area. The water-treated 
fibers were further functionalized with thiol groups. To expose 
as many hydroxyl groups on the fiber surfaces as possible, the 
materials were deacetylated in alcoholic KOH solution[68]. 
 The deacetylation efficiency was obtained using back-ti-
tration[69]. It was found that DS acetyl value decreased from 2.45 
to 0.47. Figure 2 shows that the deacetylation altered signifi-
cantly the morphologies of the nanofibers and fusions between 
the nanofibers were also observed. Furthermore, the CA nano-
fibers were slightly swollen after the deacetylation. The swell-
ing could be attributed to the exposed hydroxyl groups which 
show strong affinity towards water. The deacetylated membrane 
was further functionalized with thiol groups to generate TCM 
using the procedure described in the literature[70]. In the reaction, 
thioglycolic acid reacted with the hydroxyl group to form ester 
bond to achieve the functionalization. The morphologies of the 
nanofibers before and after the functionalization (Figures 3 and 
4) were hardly distinguishable.
 Infrared spectra of the washed electro spun CA/PVP 
membranes, RCM and TCM were shown in Figure 5. The broad 
band between 3400 and 3600 cm-1 in the infrared spectra of CA/
PVP membranes is attributed to the hydroxyl group. After the 
deacetylation, additional hydroxyl groups were exposed on the 
surface of the materials, which is in agreement with the enhance-
ment of the broad band. Figure 5(a) shows the characteristic 
absorption bands for the ester carbonyl (C=O, 1747 cm-1) and 
C–O–C skeleton (1235 cm-1) (Ma Z, Ramakrishna S.2008)[71]. 
But these bands disappeared entirely after the deacetylation in 
alcohol as shown in Figure 5(b), which suggests nearly complete 
deacetylation on the surface of the material (RCM). In Figure 
5(c) is shown the infrared spectrum of the membrane functional-
ized with thioglycolic acid. The restoration of a strong and sharp 
band near 1747 cm-1 indicates the presence of the ester carbonyl 
group resulted from the functionalization. The weak absorption 
band of –SH group at 2573 cm-1 [72] further supports the success 
of functionalization.
 Nanofiber membranes were prepared using a mixture 
of CA/PVP via electrospinning technique. The nanofiber mem-
branes were further converted into membranes possessing thiol 
functional group. The prepared material showed improved sur-
face area after the bleaching of PVP before the functionalization 
(Figure 6). TGA characterization showed that the thermal sta-
bility of the nanofibers (RCM, TCM) was slightly compromised 
compared to the precursors (CA and PVP). The functionalization 
of the materials to achieve the desired material (TCM) was con-
firmed using infrared[73-75].

Figure 3: SEM images of RCM.
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Figure 4: SEM images of TCM.

 
Figure 5: The infrared spectra of (a) the water-bleached CA/PVP mem- 
branes, (b) RCM and (c) TCM

Figure 6: TGA curves of CA/PVP, RCM and TCM.

Conclusion and future prospect

Developing cost-effective technologies to solve the water pol-
lution problems are critical for sustainable development of hu-
man society. The low cost raw cellulosic material has gained 
increasing attention due to stiffness, biodegradability and renew-
ability. Cellulose fibers are hydrophilic in nature, so it becomes 
necessary to increase surface roughness for the development of 
composites with enhanced properties. Surface modification and 
functionalization of cellulosed- based nanofibers has got quite 
interesting and economical route for removal of pollutants from 
wastewater. In recent years, the development of membrane tech-
nology has geared up as a means to overcome water pollution 
effectively.
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