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ABSTRACT

In the quest to enhance filtration system performance and remove microscopic particles, researchers are
increasingly interested in affordable materials made from renewable sources with low environmental impact.
Cellulose stands out as one of the most promising materials due to its abundance in nature. In this study, we
present a simple approach to manufacture cellulose foam with a microfibrillated cellulose (MFC) interface,
intended to be used as a filter to capture airborne microparticles. Four different methods were employed to
produce the membranes, aiming to analyze and compare the effectiveness of each process, including two distinct
solvent exchange approaches and two solvent filtration techniques. Specifically, two membrane production
methods were explored: (i) using water as a solvent, and (ii) employing acetone as a solvent. Regarding the
solvent filtration process, two modalities were investigated: (i) natural filtration, and (ii) vacuum filtration. The
MEFC acted as reinforcement, promoting the formation of cross-links between the cellulose pulp fibers, thereby
enhancing cellulose interfibrillar cohesion. An experimental system was utilized to assess pressure drop in a
gas flow, and filter permeability was calculated. Overall, the membranes exhibited high permeability constants,
emerging as a promising material for filtration processes.
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1. INTRODUCTION

The escalating global population has led to an augmented exploitation of natural resources and non- renewable
sources, detrimentally impacting the quality of life for individuals. The consequential surge in air pollution,
a direct outcome of this heightened activity, poses a significant threat to respiratory health. Environments
with poor ventilation or exclusive reliance on air conditioning systems tend to harbor particulate-laden air,
characterized by nanometric particles suspended in the atmosphere. This stagnant air exacerbates the risk of
contamination, subsequently elevating the incidence of respiratory diseases. Delving into the realm of health-
care, an imperative parallel emerges with the inadequacies in addressing contamination within hospital settings.
A substantial number of healthcare facilities extensively employ air conditioning systems, often overlooking the
potential intrahospital environment contamination. Several instances of hospital infections have been linked to
the contamination of air conditioning filters by various biological agents, including fungi, bacteria, algae, mites,
and viruses [1].

The magnitude and risks associated with air filter contamination become evident when examining
outbreaks of endocarditis caused by Aspergillus sp. The link between these outbreaks and the contamination
of air in cardiac surgery rooms, specifically attributed to spores originating from air conditioning unit filters,
has been well-established®. Consequently, the use of high-quality filters with adequately sized pores becomes
imperative to mitigate the risk of contamination.

Indoor filters commonly fall into two classifications: electrostatic filters and mechanical filters. While
electrostatic filters, known as electrostatic precipitators, are highly efficient, their installation requires ample
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space, translating to a substantial initial investment [2-3]. On the other hand, mechanical filters, including
panel filters, multi-bag filters, pleated filters, and HEPA filters [3], vary in efficiency and composition, typically
consisting of microfiber tangles derived from synthetic (e.g., glass and polyester) or natural (e.g., charcoal and
wood cellulose) fabrics [3-6].

Filtration, defined as the process of retaining particulates by a porous membrane, is integral to the
reduction of nanometric particles. Fibrous filters, solid materials with pores, efficiently capture and accumulate
particles, enhancing collection efficiency and reducing particle pressure. Cellulose, recognized as the most
abundant renewable polymer, possesses desirable properties such as biodegradability, thermal and chemical
stability, making it an excellent option for filtering materials [7-10].

Air filtration is the process of retaining particulate matter suspended in the gas stream. It is an essential
element in the study of gas permeability. This procedure takes place in two ways, superficially and internally.
In the internal filtration process, the cake formation mechanism occurs, in which the particulate is retained on
the surface of the filter [11, 12]. Cake formation increases the efficiency of the filter, because as the particles are
captured, they begin to retain new particles, i.e. these retained particles create a resistance to the flow, increasing
the pressure drop and collection efficiency. In internal filtration, the particulates are retained in the pores inside
the filter medium.

Cellulose is one of nature’s most abundant raw materials, present in plants and some marine animals, and
can be synthesized by some bacteria and fungi. This natural polymer is renewable, non-toxic, has low density,
good mechanical properties, and is relatively inexpensive. Due to these numerous advantages, the use of this
material has been growing in recent decades. Among the various applications attributed to cellulose are nano-
cellulose filters, biodegradable packaging reinforcement of composites and nanocellulose-based materials for
removing contaminants from water [1-2, 4, 13]. Cellulose is a polysaccharide monomer, with a linear chain,
composed of two anhydroglucose rings that are linked to each other through carbons 1 — 4, joined by glycosidic
bonds of the B — (1 — 4) type, forming a cellobiose unit [5] . This natural polymer has the chemical structure
CHO..

Nanocellulose is a material derived from the isolation of cellulose nanoparticles, in which at least one of
the dimensions is smaller than 100 nm. This means that, on a nanoscale, cellulose particles are extremely small,
allowing for unique properties and characteristics. While traditional cellulose is composed of macroscopic
fibers visible to the naked eye, nanocellulose is made up of much smaller particles, giving it special properties
such as high surface area and reactivity. This characteristic of diminutive size is what defines nanocellulose
as a nanostructured material, enabling its application in a wide range of fields, including composite materials,
biomaterials, and electronic devices. Nanocellulose, according to the literature, there are four main types of
nanocellulose: microfibrillated cellulose (MFC), nanofibrillated cellulose (NFC), nanocrystalline cellulose
(NCC) and bacterial cellulose (BNC). MFCs are about 10 — 100 nm in diameter; and as NFC, 500 — 200 nm;
Cellulose nanocrystals (NCCs) have a diameter of 3 — 10 nm and a length of 50 — 500 nm [3-5, 13]. MFC and
NFC, as they have alternating crystalline and amorphous regions, are in the form of a fiber network, and are
flexible materials [5, 13]. NCCs have only crystalline regions, they are hydrolyzed cellulose nanoparticles,
known as nanowhiskers or wiskers.

This study aims to investigate the filtration efficiency in filters produced with cellulose menbrane
containing Microfibrillated Cellulose (MFC). Two methods of producing cellulose menbrane with MFC have
been proposed, one involving solvent exchange and the other without solvent exchange, followed by drying in
an oven at 60°C. Solvent exchange means the substitution of one solvent by other during membrane production.
Permeability, a crucial parameter influencing fluid flow, will be evaluated using Fick’s Law, considering factors
such as porosity, filter structure, pore diameter, and suspended particle radius. Additionally, it will be investigated
how permeability in clean membranes provides valuable insights into filter performance, leveraging the physical
and mechanical properties of nanocellulose to increase filtration efficiency. These tests and evaluations of cellu-
lose membrane will be compared with those conducted on HEPA filters. This comparison is essential to validate
our experiments.

Cellulose, a semi-crystalline material, is by both crystalline and amorphous regions. The presence
of crystalline regions acts as a limiting factor, reducing the material’s permeability. When considering its
application in filters, it is crucial for cellulose to exhibit meticulously controlled porosity, enabling the flow of
air through its structure. Porosity, defined as the measure of empty space within a material, is a highly valued
property in cellulose, as porous materials have the ability to facilitate the passage of substances, including
liquids and gases [2-4, 13, 14-15]. The controlled porosity of cellulose plays a crucial role in various appli-
cations, such as in the production of filters, for example. The porosity of cellulose can be influenced by vari-
ous factors, such as its intrinsic structure, the manufacturing method employed, and the treatment conditions
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applied. In semi-crystalline polymers, crystalline regions tend to exhibit low permeability to gases due to their
high crystallinity [2-4, 13-14]. For this reason, cellulose undergoes treatment processes aiming to increase its
porosity and, consequently, its permeability, in order to be effectively used as a filtering material [2-4, 13, 14].

Based on the observed morphology of cellulose membrane with MFC, resembling randomly arranged
glass fibers in a three-dimensional network [2-4, 13, 14], and the semi-crystalline nature of cellulose
characterized by impermeable crystalline regions [5, 6, 13—15-17], our hypothesis is that filtration efficiency
will be significantly enhanced with the incorporation of MFC nanocellulose layers in the filters. We believe that
the high crystallinity and strong interfibrillar bonds of cellulose nanofibers will increase the capacity to retain
suspended particles. Additionally, we expect that the choice of production method for cellulose membrane with
MFC, whether with or without solvent exchange, will directly influence the filter’s permeability, thus affecting
its performance [5, 6, 13-17]. This hypothesis is grounded in Fick’s Law and the understanding of factors such
as porosity, filter structure, pore diameter, and suspended particle size, which play crucial roles in filtration
efficiency [5, 6, 13-17].

The analysis of pore arrangement and permeability in clean membranes provides crucial insights into filter
performance. Therefore, the physical and mechanical properties of nanocellulose have garnered considerable
interest among researchers, given its wide range of industrial applications. The incorporation of cellulose paste
with MFC aims to enhance filtration efficiency by leveraging the unique characteristics of this material.

2. MATERIALS AND METHODS

2.1. Materials

Bleached and dried commercial cellulose pulp was kindly donated by Brazilian company Klabin. Commercial
air conditioner HEPA filter (Electrolux) was purchased and used as comparative baseline for the developed
membranes in this work. High-grade acetone (92.0 — 92.5 wt.%, Alphatec, Brazil) and distilled water were used
as solvents in the preparation of the membranes.

2.2. Nanocellulose modification of membranes

Given the initially low permeability of the membranes, impeding the desired airflow, various pre-treatments
were employed to enhance their performance. Specifically, these membranes underwent a process to introduce
nanopores while maintaining yet ensuring adequate air permeability [18-20]. The nanocellulose played a crucial
role as an interface for the cellulose membrane, establishing an extensive hydrogen bonding network. It acted
as fibrillar bridges, facilitating crosslinking between fibers to improve the fiber-fiber bond between cellulose
fibers and cellulose-nanocellulose fibers [19, 20]. Microfibrillated cellulose suspension (MFC) was produced
by a physical process, with the defibrillation of the commercial cellulose pulp (approximately 25 g) in distilled
water (approximately 3 L) using a colloid mill (MKCAG6-2J Super Masscoloider, Masuko Sangyo) in which
the mixture underwent mechanical homogenization. After prepared, the MFC suspension was stored in plastic
bottles until further use.

2.3. Preparation of cellulose pulp/MFC membrane

Initially, the MFC suspension was mixed with commercial cellulose pulp, and the mixture (approximately 200 g)
was homogenized in a laboratory blender for 5 min. The material was used to produce the pulp/MFC membranes,
which was conducted as summarized in Figure 1 with different methodologies. Two key parameters on the mem-
branes production methodology were evaluated: the water excess removal (natural filtration versus vacuum
filtration), and a solvent exchange additional step (no solvent exchange versus water-to-acetone solvent
exchange). The details of the production of each sample are presented in Table 1.

For the natural filtration method, the suspension (500 mL) was transferred to a Biichner funnel with a
nylon membrane, and it was allowed to rest for the total filtration time of 2 h. On the other hand, in the vacuum
filtration process, the suspension (500 mL) was also transferred to a Biichner funnel with a nylon membrane,
connected to a Biichner flask coupled to a vacuum pump, with a filtration time of approximately 15 min. Mem-
branes obtained without solvent exchange underwent a single filtration process, and the resulting membranes
were collected. In the case of membranes subjected to water-acetone solvent exchange, after the initial filtration
process, the membranes were immersed in acetone for 30 min. Subsequently, the suspension underwent a second
filtration process, and the resulting membrane was collected.

All collected membranes were placed in a freezer at —18°C for 12 h and thawed at room temperature
before being dried in an oven at 60°C. Freezing is employed to reorganize the fibers, facilitating fiber crosslinking
during ice crystal formation. This process resulted in an irregular 3D porous network, achieved by pressing the
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Figure 1: Pulp membrane preparation process with MFC. a) MFC and cellulose; b) process of mixing cellulose pulp with
MEFC; ¢) liquid drainage; d) Vacuum processing and filtration; d) soaking the cellulose pulp/MFC; natural filtration process;
f) Filtration process; g) cellulose pulp/MFC filter.

Table 1: It shows the methodology used to produce the membranes.

*SAMPLE WATER SOLVENT MFC (%)
REMOVAL EXCHANGE***

**HEPA - - -
NF-NSE-04 natural filtration No 0.4
VF-NSE-08 vacuum filtration No 0.8
NF-NSE-08 natural filtration No 0.8
NF-NSE-04 vacuum filtration No 0.4
NF-YSE-04 natural filtration Yes 0.4
VF-YSE-04 vacuum filtration Ye 0.4
NF-YSE-08 natural filtration Yes 0.8

*NF-NSE: natural filtration no solvent Exchange; NF-YSE: natural filtration yes solvente Exchange; VF-NSE: vacuum filtration no
solvent Exchange; VF-YSE: vacuum filtration solvent Exchange yes solvente Exchange. **Commercial HEPA filter; ***Water exchanged
to acetone.

fibers into a geometry similar to randomly oriented 2D sheet during freezing. This process yielded the P/FMC
membranes, which were utilized in subsequent tests. The variation in water removal rates aimed to assess
whether faster or slower water removal would yield a greater quantity of pores. After the drying process, the
nylon membrane was manually removed from the pulp/MFC membranes with care to avoid damaging the
sample. Samples were stored separately in plastic bags at room temperature (20 — 25°C) until further analyses.

2.4. Characterization

2.4.1. Permeability
The permeability coefficient serves as a macroscopic indicator of viscous resistance, providing information on
the ease of flow of a fluid through a porous medium [21-22]. In this study, the permeability coefficients (P m?)
of the filters developed were determined using a system designed by the authors (Figure 2) and the calculations
were based on Fick’s Law (Equation 1)

. A

=r ()

0]

where J (m* m™2 s™!) is the air flow, / (m) represents the filter thickness, and Ap (Pa) is the pressure variation in
the water column, given by Equation 2 [22-23].
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Figure 2: Equipment for permeability testing. a) Equipment design; b) Equipment for permeability tests; ¢) Equipment with
particle tube.

Ap=1n.G .Ah

P )
where p (997 kg m) is the density of water, g (9.8 m s7?) is the acceleration due to gravity [23], and Ah (m) is
the height variation of the water column. The flux through the membrane is given by Equation 3.

j: =~
A 3)

where O (m*s™') is the corrected flow rate and 4 (m?) is the transversal area of the filter. Rotameters were used
to measure air flow. It was necessary to make a correction to the air flow rate, as it was not in the same condition
to carry out the experiments. The corrections were in relation to pressure and temperature [23], as shown in
Equation 4.

“

where 0 is the corrected flow rate, O is the measured flow rate, p, is the operating pressure, p, is the calibration
pressure, T is the calibration temperature and 7, is the operating temperature. The calibration measurements
were used under normal temperature and pressure conditions. Fick’s Law [22] is then expressed as Equation 5.

®)

In the experimental setup, a controlled synthetic air stream at controlled pressure was introduced toward
the filter. A flow meter measured the stream flow, while chambers before and after the filter were connected by a
hose partially filled with water. For each flow value (2 — 10 L min™"), the pressure drop was calculated according
to Equation 3.
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2.4.2. Apparent density and porosity

The apparent density Py and bulk density ps, was calculated by the ratio of the mass of the dry membrane to the
volume, i.e., of a density material is defined as the mass of the material divided by its total volume, including
any pore space or voids. Considering that the density of the cellulose pulp (pp) is 1.46 g/cm? [23-28]. Porosity
is calculated according to Equation 7.

i
P(%) = ( j‘"].loo.
nS

(6)

2.4.3. Mechanical properties

The Q800 DMA equipment was used to analyze the dynamic-mechanical properties (DMA) and were used to
determine the mechanical performance of the membrane. The membranes were subjected to a compression test.
A constant temperature was used in this test.

2.4.4. Determination of surface area

A Quantachrome Instruments equipment (NOVA 1200e) was utilized on the determination of the specific surface
area of each filter. The filters were previously dried at an oven (60°C, 12 h) and degassed (100°C, 2 h). Then,
nitrogen adsorption/desorption processes were carried at —196°C and the Brunauer, Emmet and Teller (BET)
method was adjusted to the adsorption data.

2.4.5. Experimental unit

The permeability of the filters was assessed using a system devised by the authors, as illustrated in Figure 2.
Within this system, a controlled synthetic air stream maintaind at a specific pressure, was introduced toward
the filter. A flow meter was employed to measure the stream flow accurately. The chambers located before and
after the filter were connected by a hose partially filled with water. For each flow value ( 2-6 and 10 1 min™),
the pressure drop across the filter measured and calculations were carried out as per Equation 4. Subsequently.
A graph depicting the relationship between pressure drop and stream flow was plotted. The angular coefficient
obtained from the linear adjustment of this data was utilized to determine the permeability coefficient for each
filter. This method provides a comprehensive understanding of the filters’ performance in terms of fluid flow
resistance.

2.4.6. Particle retention tests

Filtration tests were conducted using a compressed air line and specialized particle loss or filtration equipment.
The experimental filtration system employed for these tests is detailed in Figure 2. The system included two
pressure gauges, positioned at the inlet and outlet, along with a water column to asses the pressure drop. To
prevent the nanocellulose film from escaping a metal screen was affixed to the fiber sampler. A constant flow
system was established using an injection pump, ensuring a consistent pressure of the percolating fluid at both
the inlet and outlet of the test body. The membrane, serving as the filter media, was placed into the filtration
support, and the gas stream then traversed through the porous material during the test. This setup allowed
for precise examination of the membranes efficacy in retaining particles and provided valuable data on its
filtration performance.

3. RESULTS AND DISCUSSION

Previous works focused on the obtention of membranes from nanocellulose usually report that the membranes
obtained through the conventional oven drying of nanocellulose suspensions dispersed in water present low
permeability, resulting in difficulties for the air transport. Additionally, authors suggest that the membranes that
present nanopores can maintain a low porosity, but with adequate air permeability [23-26]. In the current work,
the nanocellulose served as an interface for cellulose membranes, providing an extensive hydrogen bonding
network. In other words, it served as fibrillar bridges, forming crosslinking between the fibers [18-20, 26, 27-29,
30-33], in order to improve the fiber-fiber bond between the cellulose fibers and the cellulose-nanocellulose
fiber. In order to enlarge the pores and increase the membranes permeability. From these data, it was possible
to determine the permeability constant, which was obtained through Equation 5. To do so, it was necessary to
construct the permeability curve (AP/1 versus v), presented in Figure 3.
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Figure 3: a) Pressure drop curves as a function of velocity for samples natural filtration; b) Pressure drop curves as a function
of velocity for samples natural vacuum.

Table 2: Presents the permeability constants. P1 is the initial pressure.

SAMPLE P (m?)
HEPA 6.63 x 10°3
NF-NSE-04 520 %10
VF-NSE-08 6.63 x 1073
NF-NSE-08 8.34 x 10
VF-NSE-04 1.66 x 10
NF-YSE-04 2.84 x 10
VF-YSE-04 1.19 x 102
NF-YSE-08 7.81 % 10°3

For control tests, the HEPA filter (HEPA) was used to compare with the samples produced. The membranes
obtained practically the same behavior as the HEPA filter, as can be seen in Figure 3.a and figure 3.b. It is
observed that the pressure drop maintained a relatively constant trend as the air stream speed increased. As pre-
dicted, there was no significant increase in pressure drop, as the filtration process occurred without the presence
of particles, indicating the ease of fluid passage through the pores. This test analyzed the relationship between
the pressure drop and the increase in surface air velocity in the filtration line. In this test, only compressed air
was circulating in the filtration equipment and no particles were present. Thus, the filtration speed varied from
2,0 x10' m/s an 2,5 x 10* m/s, and the flow rate varied from 2 I/min, 6 1/min and 10 1/min. The pressure drop
data was acquired from the water column, as shown in figure 2. With this data, it was possible to determine
the permeability constant, obtained using the equation 5. The permeability coefficient serves as a macroscopic
indicator of viscous resistance, providing information on the ease of flow of a fluid through a porous medium
[16, 17,21, 28].

These tests were carried out with different membranes, as shown in Table 2. The results of the perme-
ability tests of the filters without the presence of particles, known as clean filters, were obtained from data
from the equation 5 and showed values very close to each other (Table 2). Among the membranes, membranes
NF-NSE-04, NF-NSE-08, NF-YSE-04 and NF-YSE-08 showed the best results for the permeability constant,
with 10™*m?, showing that solvent exchange and natural filtration are better options. As for increasing the amount
of MFC, there wasn’t much change, so that 0.4% gel is enough to obtain a porous membrane. For more perme-
able membranes, surface filtration is more significant, since the lower the permeability constant, the greater the
capacity to retain particles on its surface. According to Table 1, the samples that were dried naturally and with
solvent exchange had better results in terms of permeability constants compared to the HEPA filter.

The results obtained by BET analysis showed that membranes VF-NSE-08 and VF-NSE-04 had a small
difference in surface area. For membranes NF-NSE-04 and NF-NSE-08, which had the water removed naturally,
the values were similar, as shown in Table 2. The samples that underwent solvent exchange and had the sol-
vent removed naturally exhibited a relatively high surface area compared to the other membranes, as observed
in Figure 4. The results are shown in Table 2. These values are lower compared to some values found in the
literature. To increase the material’s surface area, alternative drying strategies, such as freeze-drying, can be
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Figure 5: a) shows a graph of the porosity of each membrane; b) shows a graph of the apparent density of each membrane.

utilized, potentially leading to higher surface area values. However, this would result in increased production
costs. In our research, we sought low-cost processes. Therefore, despite the lower values, the membranes remain
excellent options for use as filters.

The apparent density and porosity are shown in the figure 5.a and figure 4.b. membranes NF-NSE-04,
NF-NSE-08, NF-YSE-04 and NF-YSE-08 showed high porosity and low density. This was due to the way the
membranes were filtered, as the longer the filtering time, the greater the porosity. As the nanocellulose content
increased, the pores decreased, because the nanocellulose ended up occupying the pores, and consequently
the solid cellulose increased. Similar tests were carried out, however, to analyze the retention of the particles
in the membrane. We deposited silica nanoparticles in the air stream, as shown in figure 1. The efficiency of
the membranes ranged from 90% to 99.8%, as shown in the figure 3. this test showed a comparison of the
different pre-treatments, with the reaction between the porosity (figure 5.a) and the apparent density (figure 5.b).
Membranes NF-NSE-04, NF-NSE-08, NF-YSE-04 and NF-YSE-08 showed high porosity and low density. This
was due to the way the membrane was filtered, as the longer the filtering time, the greater the porosity.

As the nanocellulose content increased, the pores decreased, because the nanocellulose ended up
occupying the pores, and consequently the solid cellulose increased. The Figure 6, shows the results of the
stress-strain curves, showing excellent mechanical properties with a compressive stress of 0-0.9 MPa at 60%
strain for sample NF-NSE-08 . Samples VF-NSE-08, NF-YSE-04 and VF-YSE-04 showed deformation of less
than 30%.

To characterize the membranes and obtain information about the surface such as topology, scanning
electron microscopy (SEM) was used. The way the membrane is filtered also influences the crosslinking, as
shown in Figure 7. We can see in Figure 6 that the membranes showed good crosslinking of the cellulose pulp
with the MFC. As can be seen in Figure 7, there was a small difference in morphology between the methodologies
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Figure 6: Stress-strain diagrams for compression of cellulose membranes.

Figure 7: Shows the images obtained by scanning electron microscope (SEM) of the membranes in 900x; a) NF-NSE-04;
b) VF-NSE-08 ¢) NF-NSE-08; d) VF-NSE-04; e) NF-YSE-04; f) VF-YSE-04; g) NF-YSE-08.
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used. The use of methodologies showed an increase in pores in the material structure and fiber entanglement.
Most membranes had the potential to be used as filters. The fibers in both samples were on the nanometer scale
of the membranes.

The authors related the examined parameters to the results of the HEPA filter. As a result, they concluded
that the membranes made from cellulose pulp with MFC demonstrated an effective capacity for particle retention.
Specifically, the samples that underwent the natural filtration process and solvent exchange (NF-NSE-04,
NF-NSE-08, NF-YSE-04) exhibited the best performances, achieving values comparable to those obtained with
the HEPA filter, as evidenced by the results.

The substitution of the solvent played a crucial role in the membrane fabrication process, as the objective
was to obtain a porous material to increase permeability. The selection of a more volatile solvent, such as
acetone, was essential in inducing the formation of greater porosity, directly impacting the desired properties
of the material. Solvent derived from biomass was not utilized, as this approach had been previously explored
in existing literature, prompting the decision to opt for acetone. The higher volatility of acetone compared to
alcohol, for example, was one of the factors taken into consideration in this choice.

The production of cellulose pulp membranes as a material for filtration is in compliance with various
principles of green chemistry, as proposed by Szekely [34]. Cellulose, due to its renewable origin and
environmentally friendly degradability, aligns with the principle of using renewable materials (principle 8). The
application of these membranes in filtration processes can promote atomic efficiency (principle 2) by allowing
selective separation of substances, reducing the need for additional chemical processes, and minimizing waste.
Additionally, drying in a 60°C oven may impact the principle of more efficient energy use (principle 6), while
also contributing to waste prevention (principle 1) by enabling the purification and separation of substances in a
more efficient and sustainable manner [34-36].

For future tests, we plan to produce membranes using different solvents and also dry the samples using
the lyophilization method. These additional steps have the potential to provide valuable insights and enhance the
quality of the results obtained in our research.

4. CONCLUSIONS

According to the results obtained, and the efficiency tests of the filter medium, it was possible to conclude that
the methodology and pre-treatments used to produce cellulose membrane with MFC can be used as a filter.
Comparing the pre-treatments, the f that showed the best results were those with solvent exchange and without
the use of the vacuum pump. This technique causes the formation of bridges between the fibrils, as can be
seen in the SEM images, resulting in the production of pores. The permeability values obtained show that the
membranes are a material with great potential for use as filters for removing nanoparticles. The results of the
permeability constants were between 102 and 10 m?, showing high permeability, compatible with European
and Brazilian standards.
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