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Abstract — This study was conducted to investigate the applicability of lignocellulosic fiber and coconut shell
activated carbon (CSA) for the production of a particulate matter (PM)-reducing air-filter as raw materials to solve the
environmental problems of non-woven fabrics. CSA had a good potential to use as a raw material of air-filter for
reducing volatile organic compounds as well as noxious metals, and reduction capability of the CSA was 5 times higher
than that of wood fiber. Natural adhesives formulated with proteinaceous wastes mostly were applied successfully to
fabricate air-filters with the shape of fiberboard. The air-filter fabricated with the minimum target density of 200 kg/m®
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and the maximum CSA-content of 40 wt% in fiberboard had a good manageable strength. However, the fiberboard
filters was required to make vent-holes for improving an air-permeability of the filters. Size of the CSA particles was
adjusted to greater than 2 mesh with the consideration of strength and formability of the fiberboard. Three-layers
fiberboard that only wood fiber and the mixture of wood fiber and CSA were formed in the surface and middle layers,
respectively, was determined to the optimal condition for the production of air-filters. In addition, traditional Korean
paper handmade from mulberry trees (TKP) showed a good PM-reducing property as an air-filter. It is concluded that
air-filtering set composed of fiberboard with vent-holes and TKP instead of conventional air-filters made with non-
woven fabrics can be used as a filter for reducing the concentrations of PM, VOC and noxious metals existed in indoor

and outdoor spaces.
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Fig. 1. Schematic diagram of spiked caul plates used for fabricating filters with the type of fiberboard.

Cast for the Tube for Pump for
Tedlar bag installation collecting collecting
(1oL) fiberboard filter VvOoC VvOoC

Fig. 2. Images of equipment used for measuring the amount of volatile organic compounds adsorbed onto a fiberboard filter quantitatively.
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Table 1. Contents of noxious metals adsorbed on coconut shell activated carbon, which was exposed at a certain space for one week (unit: mg/kg)

Type of space exposed Pb Cu Fe Al Cr Zn
Sawmill plant ND ND 982.1 1,190.1 ND 59.2
Iron foundry ND 24.5 441.2 708.5 6.8 47.2
Hallway of building next to the platform of a railway station ND 28.7 1,113.6 728.9 ND 71.0
Closed smoking room ND 183 221.7 159.7 ND 142.2
Underground parking lot ND 24.5 484.7 75.5 5.0 54.3
Unexposed activated carbon ND 16.1 134.8 464.0 ND 50.1

ND: not detected (< 5.0 mg/kg).

Table 2. Contents of volatile organic compounds adsorbed on wood fiber (WF) and coconut shell activated carbon (CSA), which were exposed at

a restaurant and smoking room for 48 h (unit: pg/m®)

Exposed at restaurant Exposed at smoking room

WF CSA
WF CSA WF CSA
TVOC 173.00 562.70 208.10 152.80 148.90 69.61
5VOC 747 6.68 6.41 6.02 3.87 7.71
Benzene 5.03 2.12 4.07 3.47 1.80 2.51
Toluene 1.31 2.06 1.38 1.43 1.20 2.68
Ethylbenzene 0.21 0.57 0.18 0.25 0.19 0.51
m, p-xylene 0.44 0.94 0.47 0.47 0.43 1.18
Styrene 0.35 0.66 0.19 0.25 0.14 0.38
o-xylene 0.13 0.33 0.13 0.16 0.12 0.45
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Table 3. Reduction capacity of wood fiber and coconut shell activated carbon by the adsorption of volatile organic compounds

‘Wood fiber

Reference material

Coconut shell activated carbon

Concentration (ug/m°) Reduction rate (%) Concentration (ug/m°) Reduction rate (%)
TVOC 1050.00 1046.00 0.4 929.00 11.5
5VOC 638.24 617.67 32 536.26 16.0
Benzene 82.48 85.70 -39 80.09 29
Toluene 109.23 110.50 -1.2 92.36 15.4
Ethylbenzene 92.20 91.07 1.2 77.53 159
m, p-xylene 180.51 177.04 1.9 146.88 18.6
Styrene 85.23 69.30 18.7 63.56 254
o-xylene 88.60 84.08 5.1 75.84 14.4
B gl oo voCce &M 7|Qldt Zl o7 gt wWi% % AZ8 A5 FATE 0.73 kegflem®Z 45ol7t CSAS
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Fig. 3. Images of fiberboard filter made with coconut shell active carbon. These fiberboards were fabricated at the target density-pressing
time of 200 kg/m>-6 min (A), 200 kg/m>-12 min (B), 300 kg/m3-12 min (C) and 250 kg/m>-12 min (D). Activated carbon content in

fiberboard was adjusted to 40 wt%.
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Table 4. Initial volatile organic compounds adsorbing-capacity and retention rate of perforated fiberboard filters fabricated with wood fiber and

coconut shell activated carbon

Board composition (wt%) Board density Initial adsorbing capacity Retention rate
Wood fiber ~ Coconut shell activated carbon Resin content (kg/m®) TVOC 5VOC TVOC 5VOC
86 14 200 +25.2% -66.9% - 3.0%
50 40 10 200 -85.4% -54.3% 8.5% 10.9%
46 40 14 200 -83.0% -66.3% -2.9% -8.6%
46 40 14 250 -77.9% -43.0% 18.9% 17.3%

Table 5. Particulate matter (PM) absorbing-capacity of fiberboard filters fabricated with wood fiber and coconut shell activated carbon

Board composition (wt%) Board density Exposure time ~ Velocity of air flow  PM absorbing-capacity

Wood fiber ~ Coconut shell activated carbon ~ Resin content (kg/m*) (hr) (L/min) (%)
Quartz filter! 100

86 14 200 2,857

50 40 10 200 -
46 40 14 200 8 500 712
46 40 14 250 625
Bandpass glass filter! 100
Filter paper® 200
IStandard testing method.

Traditional Korean paper handmade from mulberry trees with the basis weight of 30 g/m>.
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