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ABSTRACT The increasing demand for sustainable materials has driven extensive research on lignocellulosic biomass as an alternative
to petroleum-based materials. This study aimed to develop a cellulose-based filter using biomass and assess its environmental impacts
by life cycle assessment (LCA). Cellulose was extracted from bark sawdust, board wood chips, and pulpwood chips with yielding the
highest extraction rate (78.7%). Electron beam irradiation (EBI) was applied as a pre-treatment, achieving a maximum cellulose yield
of 82% at 100 kGy and effectively reducing the need for chemical reagents. The resulting filter exhibited enhanced tensile strength and
folding endurance with higher cellulose content, while air permeability decreased. A cellulose-to-polypropylene ratio (70:30) was
determined as optimal condition for the LCA study. The LCA results showed that the cellulose-based filter reduced greenhouse gas
emissions by approximately 15.6% compared to PP-based filters, primarily due to lower emissions in the manufacturing phase. This
study demonstrates the potential of cellulose-based filters as an eco-friendly alternative and highlights the role of EBI in optimizing
extraction efficiency and reducing environmental impact. Further research is warranted to integrate EBI into LCA and evaluate
scale-up industrial applications to manufacturing biomass based-filters.
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Subscript

LCA : life cycle assessment

EBI : electron beam irradiation
PB : particle board

MDF : medium density fiberboard
PP  :polypropylene

GWP : global warming potential
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Fig. 1. Schematic diagram of the filter material manufacturing process
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Table 1. Results of cellulose yield analysis

S Hio|uAS S5t TE MZEef 24TtA

Sample!) Dried sample (g) Extracted cellulose amount (g) | VYield (Average)
1 Pulpwood chips—1 2.5002 1.9666
2 Pulpwood chips—3 2.5020 1,9709 78.12%
3 Board production wood chips—1 2.5002 1.7792
4 Board production wood chips—2 2.5019 1.7848 71.16%
5 Board production wood chips—3 2.5013 1.7756
6 Bark sawdust—1 2.5049 1.7431
7 Bark sawdust—2 2.5048 1.7168 69.05%
8 Bark sawdust—3 2.5028 1.7278
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Table 3. Comparison of greenhouse gas emissions from
PP—based and cellulose—based filter masks by

stage
Category PP—based filter | Cellulose—based filter
masks (%) masks (%)
Manufacturing 74.5 72.6
Transportation 2.5 4.1
Disposal 23.0 23.3
Total 100 100

7.18
6.06
6 535

5 44

1
i 0.18 0.25 l
o O —

Manufacturing Transportation Disposal Total GWP

 PP-based filter masks (ton CO; eq) ™ Cellulose-based filter macks (ton CO, eq)

Fig. 3. Graphical comparison of greenhouse gas emissions
from PP—based and cellulose—based filter masks by
stage
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