
Tanzania Journal of Engineering and Technology 2023, 42(1):135-145 

OPEN ACCESS articles distributed under Creative Commons 

Attribution Licence [CC BY-ND] 

Websites: https://www.ajol.info/index.php/tjet; https://tjet.udsm.ac.tz 
 

Copyright © 2023 College of Engineering and 

Technology, University of Dar es Salaam 

ISSN 1821-536X (print); ISSN 2619-8789 (electronic)  

DOI: 10.52339/tjet.v42i1.894 

  

Tanzania Journal of Engineering and Technology (Tanz. J. Engrg. Technol.), Vol. 42 (No. 1), Feb. 2023 135 

 

Special Issue – Seventh International Conference on Mechanical and Industrial Engineering (MIE) 2022 

Conference, 20 – 21, October 2022, UDSM New Library, Dar es Salaam, TANZANIA 

Preparation and Characterization of Microporous Cellulose Membranes as 

Potential Pathogen Filters 
 

Joshua C. William, Tausi H. Alexander, Lutamyo Nambela, Liberato V. Haule, Bwire S. 

Ndazi*, and Peresi M. Bulemo* 

Department of Mechanical and Industrial Engineering, College of Engineering and Technology, 

University of Dar es Salaam. 
*Corresponding email: pmajura@udsm.ac.tz; bndazi@udsm.ac.tz 

 

ABSTRACT 

 

Growth and development in the textile and fashion industry have 

resulted in the generation of large amounts of industrial pre-

consumer textile wastes. It is estimated that 10 to 20% of textile 

fabrics are wasted during garment manufacturing, with most of the 

wastes being burned or landfilled. Reusing pre-consumer fabric 

wastes is therefore considered a viable approach to alleviate 

environmental impacts associated with their disposal. To achieve a 

higher porosity membrane, pre-consumer cotton fabrics were 

partially dissolved in a solution of dimethyl acetamide (DMAc) and 

lithium chloride (LiCl), and the resulting fibre suspension was 

utilized to prepare a microporous cellulose membrane (MCM) 

through a vacuum filtration method. The suspension comprised a 

mixture of partially and completely dissolved fibres, which provided 

the required morphological and structural integrity to the fibrous 

membranes. The membranes’ chemical structure, fibre size, and 

morphology were characterized based on Fourier transform infrared 

spectroscopy (FT-IR), light microscope, and field emission scanning 

electron microscopy (FE-SEM), respectively. The filtration efficiency 

of the microporous cellulose membranes was evaluated against 500 

ppm sodium chloride (NaCl) solutions. The results showed that the 

filtration efficiency of the membranes ranged between 31.82 and 

59.85% for cellulose membranes with 60.2% porosity, suggesting 

that the membranes could be applied as filters against pathogens 

upon further improvement. 
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INTRODUCTION 

Industrialisation, growing population, and 

urbanisation combined lead to increased air 

pollution, especially from particulate 

matter, which has significantly impacted 

people’s health and quality of life (Kaur 

and Pandey 2021, Li et al. 2016; Power et 

al. 2018). In addition, recurrent outbreaks 

of respiratory diseases also threatened 

human lives (Adil et al. 2021; Noor and 

Maniha 2020). Consequently, technological 

and medical measures are being undertaken 

to prevent the transmission of respiratory 

pathogens and air particulate matters’ 

pollution (Piscitelli et al. 2022). 

Unfortunately, technical measures for dust 

reduction, suppression, separation, and 

exhaustion are only effective against fine 
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dust and do not offer adequate protection 

against respiratory pathogens (Adil et al. 

2021). Filter membranes are therefore 

simple, and the most effective protective 

means for people against infection by 

viruses and airborne particles (Bolashikov 

and Melikov 2009; Ijaz et al. 2016). On the 

other hand, the mass production, use and 

disposal of filter membranes pose adverse 

environmental problems due to the 

increasing need for protection against 

respiratory pathogens (Cornelio et al. 2022, 

Pandit et al. 2021; Tesfaldet and Ndeh 

2022). For example, on February 24, 2020, 

Wuhan (China), a city of over 11 million 

people, generated 200 tons of clinical waste 

in one day, consisting of many discarded 

filter materials (Saadat et al. 2020). 

Synthetic filter membranes typically take 

about 450 years to degrade, damaging the 

ecosystems as they degrade. (Fan et al. 

2018; Wang et al. 2021). 

Various techniques for the fabrication of 

filter membranes have been reported, 

including melt-blown polypropylene (PP) 

and non-woven fabrics (Selvaranjan et al. 

2021; Song et al. 2022). However, it is 

difficult to control the fibre distribution and 

shape with these traditional preparation 

processes (Giovambattista et al. 2009). The 

pore size of filters made from these 

methods is relatively not small enough to 

filter fine particles, such as respiratory 

pathogens or aerosols, because of large 

fibres sizes and the wide distribution of 

their diameters (Borojeni et al. 2022; Wang 

et al. 2021). Although the filtration 

performance of the membranes can be 

improved by adding electret finishing 

(Sanyal and Sinha-Ray 2021; Zhou et al. 

2022), the charge induced by the electret 

treatment gradually dissipates during use 

and cleaning, significantly affecting the 

stability of the filter performance and the 

reusability of the fibrous membrane (Wang 

et al. 2018; Xiao et al. 2014).  

Conversely, fibrous membranes prepared 

via vacuum filtration can achieve high 

filtration performance owing to their 

interconnected pores (Bonfim et al. 2021; 

Gopakumar 2017). Many studies have been 

reported on the fabrication of membranes 

by combining vacuum filtration and hot-

pressing to achieve fibre membranes with 

high filtration efficiency (Mautner et al. 

2015). For example, bio-based fibre 

membranes made from polyamide fibres 

have the highest filtration efficiency of up 

to 99.995% (Liu et al. 2015; Wang et al. 

2021). This implies that biodegradable and 

environmentally benign fibrous 

membranes, such as cellulose materials, 

can exhibit high filtration efficiency for 

pathogens. Therefore, this study aims to 

develop an environmentally friendly 

membrane from waste cotton fabric for the 

filtration of pathogens as well as to 

eradicate environmental pollution 

associated with the incineration of waste 

cotton fabrics. 

 

MATERIALS AND METHODS 

Materials  

The following materials and chemicals 

were used to prepare the microporous 

membranes. Pre-consumer waste cotton 

fabrics were collected from the 21st Century 

Textile Mills garment section in Morogoro, 

Tanzania. Lithium chloride (LiCl, ≥ 

98.3%), hydrogen peroxide (H2O2, ≥ 97%), 

and ethanol (EtOH, ≥ 99%) were obtained 

from LOBA Chemie Pvt. Ltd, whereas N, 

N-dimethylacetamide (DMAc, ≥98%), 

sodium lauryl sulfate (C14H29NaO5S, ≥ 

99%), and Millipore filter membranes 

(Nylon, VWR 413, 0.45 µm pore size, 

Lutterworth, UK) were obtained from 

LOBA chemical supplier. Distilled water 

was obtained from the Department of 

Chemical and Process Engineering, 

University of Dar es Salaam. 

 

Equipment and Apparatus  

The following equipment and apparatus 

were used in this study: Domestic blender 

(ES-2255), accurate analytical balance 

(Wintech, JA203P), Oven (Zuk-OV23A, 

China), and Mathis Labomat BFA-12 
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infrared beaker dyeing machine. Other 

equipment includes a magnetic stirrer with 

a hot plate (MS-7 H-550, Biobase, China), 

light microscope (RBM-117M-Biobase, 

China), FT-IR spectrophotometers Alpha II 

(Bruker Optics, Germany), digital thickness 

gauge (MGJDC018, Yiyang, China), and 

vacuum filtration pump (Edwards RV5, 

United Kingdom). All equipment and 

apparatus were available at the University 

of Dar es Salaam. A scanning electron 

microscope (SEM, Hitachi S-4800) was 

accessed from African Minerals and 

Geosciences Centre, Dar es Salaam. 

 

Methods 

Sample Preparation 

White waste cotton fabric pieces were 

collected from 21st Textile Mills in 

Morogoro. The collected clothes were 

cleaned in an aqueous solution containing 

10 g/L of sodium lauryl sulfate detergent 

and 3.0 g/L of hydrogen peroxide at a 

temperature of 30 °C for 3 min. The 

washed cotton fabrics were rinsed with 

distilled water for 2 min and then oven-

dried at 80 °C for 30 min (Peila et al. 

2015). The cleaned fabrics were cut 

manually into small pieces (approximately 

2 × 2 mm), followed by the mechanical 

breaking of the fabric pieces into their 

constituent fibres using the ES-2255 

blender before dissolution (Wang et al. 

2022). 

 

Partial Dissolution of the Cotton Fibres 

To obtain a highly porous membrane, 

partial dissolution of cotton fibres was done 

by adding activated cotton fibres (1.0 and 

1.6 w/v) to the DMAc solution with 

constant stirring at 60 to 80 ˚C for 1 hour to 

allow penetration of the solvent into the 

fibres. The suspension was allowed to cool 

to 60 ˚C, and then 8.5% of anhydrous LiCl 

(oven-dried at 200 ˚C for 1 hour) was 

added (Dupont 2003). The cotton cellulose 

suspension was further stirred at 400 rpm 

for a period of between 16 and 20 hours at 

approximately 80 ˚C to achieve partial 

dissolution of the cotton fibres (Duchemin 

2008; Rebière et al. 2016). 

Fabrication of Fibrous Membrane 

To produce a homogeneous suspension, a 

suspension of partially dissolved fibres was 

mixed with 50 mL of DMAc and stirred for 

30 min. The resulting suspensions were 

filtered through Millipore membranes with 

a pore size ranging from 0.45 to 0.65 µm. 

The millipore membranes were supported 

with a metallic sieve with pore sizes of 110 

µm (Huang 2018). The filtration time of the 

suspension was controlled for 5 min. After 

filtration, the wet filter cellulose cake was 

wet-pressed and dried for 1 hour at a 

temperature of 100 ºC in an oven (Hassan 

et al. 2020). 

 

Thickness Measurement  

The thickness of the membrane was 

measured by using the digital thickness 

gauge. The thickness was measured by 

holding the workpiece between the stylus 

and anvil, and the thickness was taken at 

five different positions, and the average 

value was calculated. 

 

Measurement of Density and Porosity of 

the Membrane 

The density of the microporous membrane 

was determined by measuring the 

membrane weight (air-dry weight, 

containing moisture) and dividing it by its 

volume. The volume was calculated from 

the thickness of the porous membrane and 

its area. The percentage porosity (P) was 

estimated from the density of the porous 

membrane (ρm) by taking 1.54 g/cm3 as the 

density of cellulose (ρc) using Equation (1) 

(Hossen et al. 2020). 

 

𝑃 = (1 −
𝜌𝑚

𝜌𝑐
) × 100%  (1) 

 

Fibre Length Analysis 

A Biobase light microscope (model RMB-

117M)) coupled with scope image 9.0 

software for capturing an image (Image J 
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software) was used to measure the fibre 

length and diameter of the partially 

dissolved fibres (Le Van 2017). The 

OriginPro 8.5 software was used to analyse 

the fibre length and diameter distributions.  

 

Characterization of Surface Morphology 

The surface morphology of the fabricated 

microporous membranes was investigated 

by scanning electron microscopy (SEM, 

Hitachi S-4800). The samples were coated 

with graphite and gold-palladium using 

Agar HR sputter coaters to allow spatial 

scattering of electric charges on the surface 

of the specimen and clear image 

production. A secondary electron detector 

was used for capturing the images at 10 kV. 

 

Analysis of Chemical Functional Groups 

Fourier Transform Infrared Spectrometer 

(FT-IR) was applied to investigate the 

microporous membranes' surface 

chemistry. FTIR was set at the absorbance 

spectra range of 4000–400 cm −1 (64 scans, 

absorption mode). A diamond attenuated 

total reflection (ATR) optical unit was used 

to analyse and compare cotton fabrics' 

chemical structure with the microporous 

cellulose membrane samples. 

 

Membrane Performance 

Microporous membranes prepared at 

different concentrations and times were 

tested for filtration efficiency against NaCl 

particles. The laboratory-prepared sodium 

chloride solution at a concentration of 500 

ppm was passed through the membrane 

using the dead-end stirred cell at 25 °C. A 

differential pressure of 0.2 MPa was 

maintained using a vacuum pump, where 

the active filtration area was 12.56 cm2. 

Absorbance was measured before and after 

passing the NaCl particles through the 

membranes using a Jenway 7205 UV–

visible spectrometer. A standard curve of 

concentration versus absorbance at 540 nm 

was set for a series of NaCl solutions with 

known concentrations. The concentration 

of NaCl in the filtrate was calculated from a 

standard curve equation. Rejection 

efficiency (r) against the NaCl particles 

was calculated from initial (Ci) and final 

(Cf) concentrations using Equation (2) 

(Hassan et al. 2020). 

 

𝑟(%) =
𝐶𝑖−𝐶𝑓

𝐶𝑖
× 100%  (2) 

 

RESULTS AND DISCUSSION 

Figures 1 and 2 show the fibre length and 

diameter distributions of cotton fibres at 

different dissolution times and 

temperatures. Figures 1(a) and 2(a) show 

the original state of the fibres before 

dissolution. An optical microscope was 

used to capture the image of cotton fibres in 

the solution of DMAc/LiCl. It was 

observed that all cellulose fibres had a 

microscale dimension, which is an ideal 

size for application in filter membranes. 

The diameters and lengths of cellulose 

fibres were determined using Image J 

software. The results indicated that the 

length and diameter decreased drastically 

by increasing the dissolution time. This 

agrees well with the fibre size of the 

starting materials, as shown in Figures 1(a) 

and 2(a). According to (Ghasemi et al. 

2017), at higher dissolution times (above 

20 hrs), the fibres dissolve completely due 

to the elimination of large parts of the 

amorphous domains and some parts of the 

crystalline domains, reducing the fibres to 

nanofibres or nanocrystals. 
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Figure 1: (a) Fibre length distribution of undissolved cotton fibre. Fibre length distribution of 

partially dissolved cotton fibres in DMAc/LiCl solution for (b) 16, (c) 18, and (d) 20 hrs at a 

temperature of 80 °C. 

 

 
Figure 2: (a) Fibre diameter distribution of undissolved cotton fibres. Fibre diameter 

distributions of cotton fibres partially dissolved in DMAc/LiCl solution for (b) 16, (c)18 and (d) 

20 hrs at a temperature of 80 °C. 
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FT-IR spectra of cotton cellulose fibres and 

porous membranes were utilized to further 

examine the influence of dissolution and 

the structure of cellulose membranes. 

Figure 3 shows two peaks at 3265 cm−1 and 

3344 cm−1 attributed to intramolecular 

hydrogen bonds in the cellulose structure. 

Peaks at 1431, 1364, 1333, and 1314 cm−1 

may be attributed to CH2 bending, CH 

bending, OH bending, and CH2 rocking 

vibration, as reported by (Phinichka and 

Kaenthong 2018). The disappearance of the 

characteristic band at 1431 cm−1 indicates a 

shift in cellulose crystalline structure after 

the dissolution. The band intensity at 895 

cm−1, which represents amorphous 

cellulose, increased similar to previous 

results (Wang et al. 2022). It can be seen 

that the absorbance of the hydroxyl 

functional group on the cellulose 

membrane at 3397.34 cm−1 is greater than 

that of pure cellulose, and the peak at 

1639.58 cm−1 indicates HOH hydration 

probably due to the presence of lithium 

chloride in the cellulose membrane as also 

observed earlier (Laksono and Aji 2016). 

Furthermore, the absorbance peaks at 

541.31 and 592.71 cm−1 indicate the 

presence of lithium (Laksono and Aji 

2016). 

 
Figure 3: FTIR profiles of cellulose and 

porous cellulose membrane. 

 

Figure 4 shows the optical microscope 

images of cellulose membranes. The 

membranes exhibit continuous random 

network fibres free of macroscopic 

agglomeration and defects, as shown in 

Figure 4(a1-c1). The membranes produced 

from the concentration of 1.0, 1.3, and 1.6 

% at a dissolution time of 16 hrs [Figure 

4(a1-3)], showed less intact fibres on their 

surfaces compared to the membranes 

containing fibres that were partially 

dissolved for 18 and 20 hrs, as shown in 

[Figure 4(b1-3)] and [Figure 4(c1-3)], 

respectively. This can be attributed to the 

presence of a smaller number of dissolved 

fibres that act as a binder or matrix to hold 

the undissolved fibres together. The 

thickness and compactness of the 

membrane increased with the concentration 

from 1.0 to 1.3 and 1.6%. The effect of the 

concentration was further investigated by 

determining the porosity (%) of the 

fabricated membranes. 

 

 
Figure 4: Optical microscopic images of 

porous cellulose membranes prepared from 

DMAc/LiCl solutions containing cotton 

fibres at concentrations of (a) 1.0, (b) 1.3 and 

(c) 1.6% partially dissolved for (a1-3) 16, 

(b1-3) 18 and (c1-3) 20 hrs at at a 

temperature of 80 °C. 

  

 
Figure 5: SEM micrographs of the 

microporous membranes obtained after a 

partial dissolution of (a) 1.0%, (b) 1.3%, and 

(c) 1.6% of cotton for 18 hrs at a 

temperature of 80 ˚C and concentration of 

 

The network structure of the microporous 

membranes was examined by using SEM, 

as shown in Figure 5(a-c). The membranes 
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exhibited a random network of cellulose 

nanofibrils with notable differences in 

morphology and dimensions. As shown in 

Figure 5(a-c), membranes prepared from 

1.0% concentration were less dense than 

those obtained from 1.3 and 1.6%. 

Moreover, the size of the fibres in the 

membrane is worth considering because the 

smaller the fibre diameter, the smaller the 

porosity of the membrane (Aizawa and 

Wakui 2020; Tarus et al. 2020) .  

The density and porosity of the fibrous 

membranes were determined, as shown in 

Table 1. Fibrous cellulose membranes with 

low density transformed into membranes 

with higher density and less porosity as the 

dissolution time increased. The increase in 

the membrane density resulted from the 

filling of the pores of the membrane by 

smaller cellulose fibres. On the other hand, 

the porosity of the membrane decreased 

with the increase in fibre content due to 

fewer and smaller pores caused by 

entangled fibres within the membranes 

(Song et al. 2022). The decrease in porosity 

indicated that the increase in the cellulose 

content could control the porosity of the 

membrane. The pore size in the membrane 

decreased when higher fibre concentrations 

were used.  

 
Table 1: The influence of concentration and dissolution time on the porosity and density 

properties of the microporous cellulose membranes. 

S/N Time 

(hrs) 

Concentration 

(w/v %) 

Temperature 

(˚C) 

Thickness 

(cm) 

Volume 

(cm3 ) 

Density 

(g/(cm3 ) 

Porosity 

(%) 

1 16 1.3 80 0.02 0.04 0.57 63.27 

2 18 1.3 80 0.02 0.04 0.58 62.60 

3 20 1.3 80 0.02 0.04 0.61 60.21 

4 16 1.3 70 0.02 0.05 0.55 64.56 

5 18 1.3 70 0.02 0.05 0.55 64.24 

6 20 1.3 70 0.02 0.04 0.56 63.60 

7 16 1.3 60 0.03 0.05 0.46 69.94 

8 18 1.3 60 0.03 0.05 0.50 67.40 

9 20 1.3 60 0.02 0.05 0.53 65.46 

 

Sodium chloride was used to mimic the 

size of pathogens in droplet form to 

validate the performance of the membrane 

as a potential filter for pathogens. The 

particles existed as droplets with diameters 

of 0.1-100 µm (Weis and Ewing 1999). 

Table 2 shows that the filtration efficiency 

was widely dependent on the membrane 

fabrication process. Membranes produced 

with a higher amount of cotton fibres 

performed better compared to those with a 

small number of fibres. However, the 

filtration performance of the membrane 

eventually declined with the reduction in 

the dissolution temperature. A decrease in 

filtration performance occurred due to the 

poor fibre-fibre bonding. Moreover, the 

filtration performance of the fibrous 

membranes depended on the fibre  

 

distribution. This is because the tight and 

thick packing of fibres provided better 

opportunities for fine particles to collide 

and adhere to the fibres, as supported by 

previous studies (Tcharkhtchi et al. 2021; 

Wang et al. 2021). 

 However, after five cycles of NaCl 

filtration, small fractures developed on the 

membrane surfaces due to the pressure 

applied during the filtration process. Pore 

size and pore diameter play important roles 

in NaCl filtration. The fibrous membrane of 

partially dissolved cotton fibres showed a 

good filtration performance of up to 70% 

compared to the filtration performance of 

hollow fibre nanofiltration membranes 

reported previously (Ismail and Lau 2009), 

which showed a filtration performance of 

60%. This shows that the fibrous 
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membrane can be used in the filtration 

application of small-sized particles, 

including pathogens and aerosols (Yu et al. 

2016).  

 
Table 2: Filtration performance of fibrous membranes against sodium chloride solution 

S/N Time (hrs) Concentration 

(w/v %) 

Temperature (˚C) Filtration (%) 

1 18 1.0 80 12.06 

2 18 1.3 80 59.85 

3 18 1.6 80 70.32 

4 18 1.0 70 7.39 

5 18 1.3 70 35.05 

6 18 1.6 70 46.21 

7 18 1.0 60 10.81 

8 18 1.3 60 31.83 

9 18 1.6 60 40.18 

 

CONCLUSION 

Fibrous cotton membranes were prepared 

from partially dissolved cotton fibres using 

a ‘vacuum filtration’ method, followed by 

hot-pressing of the membranes. Scanning 

electron microscopy revealed well-

dispersed randomized cotton fibres on the 

surface of the membranes and completely 

dissolved cotton fibres which acted as 

binders. The hot-pressing process of the 

membranes increased their compactness. 

Partial dissolution of the cotton fibres 

reduced the length of the fibres and the 

sodium chloride solution flux to the 

fabricated membranes. The formed 

membranes showed a decrease in porosity 

with an increase in the cellulose content, 

dissolution time, and temperature. The 

prepared membranes showed a promising 

ability to remove particles (NaCl) from 

water. Membrane fabrication via vacuum 

filtration followed by hot pressing 

introduced a cost-effective method that 

enabled reasonable rejection rates of 

sodium chloride particles. Further  

optimization of pore sizes and thickness of 

the fabricated membranes may bring them 

to a commercially viable level for filtration 

of nano to micro-particulate matters,  

 

including pathogens and aerosols. 

Therefore, this study provides a new way of 

utilizing cotton waste to develop 

biodegradable and environmentally friendly 

membranes for pathogen/aerosol filtration. 

The findings in this article have not been 

tested directly against pathogens (bacteria 

and viruses). 
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