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Abstract

Nanomaterials have played a unique role for effective filtration. Due to the effectiveness of large surface area to
volume ratio, nanofibers have ability to absorb contaminants from air easily. Due to the fabrication of cellulose acetate
on face mask some harmful bacteria and air particulates are not able to enter nose and mouth. However, without
fabrication of cellulose acetate nanofibers the bacteria and air particulates may easily pass through the face mask due
to their larger pores diameter. The advantage of fabrication is that the pore size of middle layer of face mask which is
used for filtration has been reduced that increases the filtration efficiency. In this article middle layer of commercial
disposable face mask having larger pores diameter used for filtration purpose has been replaced by development of
cellulose acetate nanofibers having thickness of 60 pm, 35um and 15um.Morphology of membrane was
characterized by SEM, chemical structure through FTIR, mechanical strength through tensile tester, air permeability
through air permeability tester M021Sand smoke test was performed through self-designed smoke tester. It was
found that membrane with thickness of 60 um have highest filtration efficiency but air permeability was
compromised but nanofiber membrane with thickness between 15-35 pm have better air permeability and
filtration resistance than commercial face mask.
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Introduction

Nanomaterials have played a unique role for effective filtration. Nanotechnology works on the nanoscale scale
(from 1 to 100 nm) to develop materials (Gondal, 2023). For few decades, nanotechnology has gained great
attention in several fields of research due to its unique properties (Mishra et al., 2023).

For few decades, nanotechnology has gained great attention in several fields of research due to its unique
properties. Owing to this, researchers have focused increasingly on its promising applications in various fields.
Among the various nanostructure formulations, nanofiberspossess attractive characteristics such as large surface
area, possibility of surface fuctionalization and tunable porosity.

Due to fossil fuel combustion and anthropogenic activities the composition of gases has been changing quickly
and air contains some harmful particulates such as carbon monoxide, sulphur dioxide and some other poisonous
gaseswhich are the main cause of asthma, lung cancer and heart disease, infections in infants and also chronic
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diseases in adults. In order to avoid or control such airborne diseases, different types of materials are available
in market to be worn on face which includes face masks. From 1900 century for bacterial and virus infection
control, use of surgical masks came into practice especially worn by health care providers during surgery.
Disposable Face mask consists of 3- ply non-woven flexible spongy pad to cover mouth and nose of wearers
with inner and outer layer of non -woven fibers materials while the central layer is designed for filtration
purpose. Three layers are bounded together along horizontal and vertical edges. The elastic bounding makes the
vertical edges safe. The middle layer is used for filtration purpose that eliminates the number of airborne
diseases. The Disposable face masks can also be used in order to stop some harmful particulates entering into
our nose and mouth. However, due to the larger diameter of middle layer of disposable face mask, it is not
possible to block the harmful particulates, thus affecting filtration efficiency. So the researchers concluded that
the diameter of middle layer of face mask which is used for filtration should be small so that it stops tiny
harmful particulates easily and increases the filtration efficiency.

For high filtration efficiency and low air resistance, fibrous material is considered as an important material
(Pham, et al., 2006). Electro spun nanofibers have wide range of application in biomedical such as wound
healing, tissue engineering and drug delivery. Fibrous material is efficient for filtration purpose having high
filtration efficiency and low air resistance (Tsali, et al., 2002).

For developing the effective filter media, cellulose acetate based nano-size fiber is considered as a suitable
material (Graham, et al., 2002) (Pham, et al., 2006). Due to the spongy structures of nanofibers it is fit for
filtration purpose (Ramakrishna et al., 2006) (Uyar et al., 2009). Electrospun nanofibers have an excellent
capability for adsorbing pollutants from air and water due to its larger surface area to volume (Thavasi et al.,
2008). Moreover, due to smaller pore size, lower weight and high permeability of nanofibers media, it also
possess a wide range of filtration applications (Barhate, & Ramakrishna, 2007).

In this study, three different cellulose acetate nanofiber membranes has been developed through Electrospinning
with different thicknesses range of 60 um, 35 um, 15um was used as a middle layer of disposable face mask.
Fabrication of cellulose acetate nanofibers on the middle layer of face mask will reduce its diameter and
increase its filtration efficiency of air particulates; larger molecules of air particulates will easily be trapped on
the nanofibers membranes without entering to nose and mouth. The filtration efficiency was found to be in
range of 60 um> 35 pm> 15um respectively.

Materials and Methods

Materials
Cellulose acetate with a molecular weight 30kDa and 39% acetyl content was purchased from Sigma
Aldrich (USA).

Electrospinning of Cellulose acetate web with different thicknesses

The Cellulose acetate nanofibers membrane has been developed through electrospinning as reported
previous literature (Bakhsh, et al., 2021).

The neat cellulose acetate with three different web thicknesses has been prepared through electrospinning.
Pure Cellulose Acetate solution with 18%(w/w) was prepared with binary solution of Acetone and DMF(2:1).

Table 1. Optimized parameter for Electrospinning of Cellulose acetate with three different thicknesses.

Membrane | Voltage (kV) | Distance between Inner Horizontal | Electrospinning | Drying
Thicknesses | Supplied needle Tip to diameter of | Angle time (hours) time
(um) Collector (cm) needle(mm) (hours)
60 16 11 0.7 11 11 16

35 16 11 0.7 11 3 36

15 16 11 0.7 11 15 36

The pure cellulose acetate solution was filled in plastic syringe. A needle of 0.6mm diameter was attached
with the syringe for the Electrospinning purpose. In addition to this, a copper wire was inserted in the polymer
solution and connected with the positive and negative electrode. 16 kV voltages were applied to the solution of
pure cellulose acetate solution and distance of tip was 11- cm with an inclination of 11° In the end, the cellulose
acetate nanofibers were collected on the surface of collector due to the opposite charge.

In addition to this, three different layers of cellulose acetate nanofibers with varying thicknesses; 15
micrometers, 35 micrometers and 60 micrometers, respectively, were synthesized during this study.
Electrospinning process of 60 micrometers, 35 micrometers and 15 micrometers thick webs continued for 6 hrs,
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3 hrs, and 1.30hrs, respectively. After completion of electrospinning process, the cellulose acetate nanofiber
webs were dried for 36 hours at room temperature.

Characterization

The surface morphology of cellulose acetate nanofibers webs was characterized by microscopy. The flow of
air through the sample was analyzed by the air permeability tester M021S,

A self-designed test: smoke test, was also conducted so as to analyze the smoke particulates as shown in
Fig.1 In smoke test, an elastic rubber pole is attached to the opening ofa plastic bottle filled with water. Filter of
cigarette was pressed in the bottle cover gap and the top was screwed with cigarette. Smoke will be produced in
the bottle by lighting the cigarette with match. The rubber pole will be opened and the water will be launched
out from the gap. Due to continuous water discharge from gap, air will be sucked and smoke will be gathered
into the bottle. This procedure will continue until the entire cigarette is consumed and thus, the entire water is
shot out from bottle. Next the filter of cigarette will be replaced with nanofiber membrane at the mouth of bottle
and secured with elastic band. Strain will be applied to the gap gradually. After applying weight the smoke will
move from base to top of the bottle. Weight will be persistently for a few minutes until the entire smoke will be
in contact to front layer of nanofiber membrane. The membrane will be expelled from container and it will be
noticed that front part of the membrane will be covered with cigarette segments, for example, nicotine, tar and
numerous other lethal stuff.

In the test for tobacco smoke, the smoke particles were separated through cellulose acetate nanofiber webs
with thickness of 60 micrometre, 35 micrometre, and 15 micrometre. Additionally, the test for tobacco smoke
was also conducted on the middle layer of commercial face mask, which is used as a filtering mechanism. The
effects of the face cover's centre layer with different-thickness nanofibers have been compared with and without
a nanofiber web.

Results and Discussion

Morphology of with and without nanofibers web treated with cigarette smoke

Cellulose acetate nanofibers membrane prepared with Electrospinning technology possess large surface
area, small fiber diameter having ability to filter out smaller particulateand is considered suitable as air filtration
material (Balamurugan et al., 2011). In this study, cellulose acetate nanofiber web was incorporated as the
centre layer of face masks for the purpose of filtration.

The results indicate that the particulates of smoke was separated through cellulose acetate nanofibers
layers with thickness of 60 um (a-b), 35um (c-d) and 15 um (e-f) and also separated through commercial
face mask having thickness of 15-20 um (g-h) as shown in Fig 2. It was found that the nanofiber web (a-b)
with 60um thickness had much mor ability to block the higher amount of smoke particulates However Fig. 2 (g-
h ) shows that the commercial filter is not much more efficient to filter smoke particulates as compared to
cellulose acetate membrane
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Fig. 2. Back and face layer of cellulose acetate nanofibers (a-f), back and face layer of commercial face
mask (g-h)

Scanning Electron Microscope of Cellulose acetate and Commercial Face Mask Layer

Scanning electron microscopy was used to detect the surface morphology of Cellulose acetate nanofibers
membrane (Khan et al., 2020). The effect of cigarette smoke of all the samples with and without nanofibers web
were analyzed through scanning electron microscope as shown in Figure 3 (a-h). The Fig. 3 (a, ¢, and e)
demonstrates the dramatic change that occurred on the back side of the nanofiber web following treatment with
cigarette smoke, while Figure 3 (b, d, and f) demonstrates that the front side of the nanofiber web was little bit
affected with cigarette smoke. Moreover Fig.3 (g-h) represents that sample without nanofiber layers could only
block small amount of cigarette smoke and almost all the smoke particles passed through them easily due to the
larger diameter and pores of commercial face mask.

A comparative analysis was performed between the samples with and without nanofiber web. It is clearly
shown that due to smaller diameter of nanofibers, the smoke particulates are almost stopped while larger pore
size and diameter of disposable face mask easily let the smoke particulates pass through it. Therefore, the results
clearly indicate the robust performance of samples with nanofiber web.

Fig. 3. (a-h )SEM images of back layer and face layer of Mask

Tensile Strength of Cellulose acetate nanofibers

The mechanical properties of Cellulose acetate used for filtration purpose are most importantbecause these
materials need some tensile strength as it withholds themselves from air pressure. In Fig.4 it is shown that the
elongation break of CANF is 13.6+1 whereas the tensile is 0.5+1 Mpa.
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Fig. 4. Tensile strength of Cellulose acetate nanofibers

Air Permeability Testing
The air permeability is used to measure the flow of air through the sample with Air Permeability Tester

MO021S as shown in Figure 5. All three samples of nanofibers web having different thicknesses such as 15
micrometers, 35micrometers and 60micrometers were tested for air permeability. Each sample permeates air
with different flow rate and 15 micrometers web has greatest air permeability due smaller thicknesses of web as
compared to others. Air permeability of face mask without nanofibers lamination is also calculated and it is seen
that face mask with and without nanofibers lamination exhibit negligible difference. However, by increasing the
nanofibers thickness air permeability will be affected.

Fig.5. Air Permeability Tester

Conclusion

Cellulose acetate nanofiber membrane with varying thickness; 60 um, 35 um, 15um were prepared by
Electrospinning technique for replacing the middle layer of face disposable mask to achieve highest smoke
filtration efficiency. The cellulose acetate nanofibers webs showed great filtration efficiency as compared to the
commercial disposable face mask. However, by increasing the thickness of CA nanofibers membrane web,
highest filtration efficiency was achieved but air resistance was affected, so the thickness between 15-35um was
suitable for filtration as well as air permeability as compared to commercial face mask.



MALLAH ET AL (2023), FUUAST J.BIOL., 13(1): 7-12 12

Acknowledgements

The author is thankful to Textile Engineering Department Muet Jamshoro for providing machinery facilities
to carry out research work. We are also thankful to Director USPCAS-W MUET Jamshoro, Professor Dr.
Rasool Bux Mahar for support and Guidance throughout research work.

References

Bakhsh, N., Ahmed, Z., Mahar, R. B. and Khatri, Z. (2021). Development and application of electrospun
modified polyvinylidene fluoride (PVDF) nanofibers membrane for biofouling control in membrane
bioreactor. Desalination and Water Treatment, 217, 74-82.

Balamurugan, R., Sundarrajan, S. and Ramakrishna, S. (2011). Recent trends in nanofibrous membranes and
their suitability for air and water filtrations. Membranes, 1(3), 232-248.

Barhate, R. S. and Ramakrishna, S. (2007). Nanofibrous filtering media: Filtration problems and solutions from
tiny materials. Journal of membrane science, 296(1-2), 1-8.

Gondal, A. H. (2023). Nanotechnology advancement in the elimination of chemical toxins from air
spectrums. International Journal of Environmental Science and Technology, 1-18.

Graham, K., Ouyang, M., Raether, T., Grafe, T., McDonald, B. and Knauf, P. (2002). Fifteenth Annual
Technical Conference & Expo of the American Filtration & Separations Society. Galveston, TX, 4, 9-12.
Khan, M. Q., Kharaghani, D., Sanaullah, Shahzad, A., Duy, N. P., Hasegawa, Y. and Kim, I. S. (2020).
Fabrication of antibacterial nanofibers composites by functionalizing the surface of cellulose acetate

nanofibers. ChemistrySelect, 5(4), 1315-1321.

Mishra, S., Singh, A., Keswani, C and Singh, H. B. (2014). Nanotechnology: exploring potential application in
agriculture and its opportunities and constraints. Biotech Today, 4(1), 9-14.

Pham, Q. P., Sharma, U. and Mikos, A. G. (2006). Electrospinning of polymeric nanofibers for tissue
engineering applications: a review. Tissue engineering, 12(5), 1197-1211.

Ramakrishna, S., Fujihara, K., Teo, W. E., Yong, T., Ma, Z. and Ramaseshan, R. (2006). Electrospun
nanofibers: solving global issues. Materials Today, 9(3), 40-50.

Thavasi, V., Singh, G. and Ramakrishna, S., (2008). Electrospun nanofibers in energy and environmental
applications. Energy & Environmental Science, 1(2), pp.205-221.

Tsai, P. P., Schreuder-Gibson, H. and Gibson, P. (2002). Different electrostatic methods for making electret
filters. Journal of electrostatics, 54(3-4), 333-341.

Uyar, T., Havelund, R., Nur, Y., Hacaloglu, J., Besenbacher, F. and Kingshott, P. (2009). Molecular filters
based on cyclodextrin functionalized electrospunfibers.Journal of membrane science, 332(1), 129-137.



