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Abstract: In this study, the high performance hybrid chemical filter (HPHCF) was prepared by web spray using
hot melt adhesive. The material of HPHCF was conditionally made of ion exchange resin and PP non-woven
fabric. The optimum temperature and pressure for manufacturing of HPHCF conditions were such as 170°C
and 50 psi, respectively. The characteristics of preparated HPHCF and their adsorption properties of ammonia
gas were investigated. The ion exchange capacity (IEC) of HPHCF was increased with increasing the resin
contents and their values were higher than pure resin and ion exchange fabrics. The removal efficiency for
ammonia gas increased with the increase of packing density of hybrid ion exchange fabrics in the column.
It showed 13 min which the adsorption breakthrough time was dower than resin and fibers. The maximum
vaue of adsorption for ammonia gas was 98 percent. And aso, the velocity was increased with increasing

concentration and flow rate of ammonia gas.
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Table 1. Basic properties of ion exchange fiber and resin
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Table 2. Physica properties of hot melt adhesive

Functional lon exchange capacity pH Melt viscosity Softening
Type group (meg/g) working range Type at 180°C (cps) point (°C) Color
Resin -SO;H" 19 0~14 APAQ" 2400~ 3500 118~123 White
IEF -SO;H" 3.0 0~14 YAPAO : Amorphorse ¢ -polyolefin
Table 3. Preparation conditions of HPHCF
Adhesive Linear velocity (cm/s) Temperature (K) Layer no Pressure (psi) Resin
APAO 3.2~499 433, 443, 453 1~4 20~60 SCR-BH
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Data Gas
Acquisition
system Analyzer

Reaction gas

(1) gas (2) mass flow controller (3) gas mixing chamber
(4) 3-way vave (5) adsorption column (6) 6-port valve
(7) Andyzer.

Figure 1. Schematic diagram of gas analyzer system.
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Table 4. Adsorption conditions of ammonia gas by using HPHCF

Ratio )
Resn (@) EF @ NHs (ppm) Flow rate (I/min)
0 10 20~200 5~30
10 30 20~200 5~30
20 50 20~200 5~30
30 70 20~200 5~30
40 0 20~200 5~30
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Figure 2. Effects of velocity and pressure on overdl mass
(170°C).
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Figure 3. Effects of velocity and temperature on overal
mass per unit area (pressure : 50 ps).
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Figure 5. SEM photographs of HPHCF according to ply
number; (a) ion exchange fabrics (IEF) (b) 1 ply (¢) 2 plies.

Table 5. lon exchange capecities of lon exchangers.

Ratio
Resin (9 EF (@ IC (med/9)

10 - 2.20

- 5.0 2.40

10 5.0 231

20 5.0 2.37

30 5.0 2.45

40 5.0 2.63
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Table 6. Adsorption breskthrough data of HPHCF for 100 ppm NH3 gas in 5 L/min ;
19 g, 3 plies 25 g, 4 plies: 34 g)

Py of lon exchange resin (1 ply: 1.25 g, 2 plies

Adsorption time (min)

Py 0 5 10 15 20 25 30 50 80 100 120 140
1 1.00 0.36 0.32 0.33 0.37 0.42 0.45 0.57 0.66 0.71 0.80 0.90
2 1.00 0.35 0.28 0.31 0.37 0.42 0.45 0.62 071 0.73 0.80 0.90
3 1.00 034 0.27 0.25 0.27 0.28 0.31 0.41 0.60 0.64 0.65 0.68
4 1.00 0.04 0.12 0.13 0.14 0.15 0.16 0.20 0.37 0.58 0.62 0.65

Table 7. Adsorption breskthrough data of HPHCF for 100 ppm NH3 gas in 5 L/min ; Mass of HPHCF (34 g, 10.2 g, 17.0 g, 34.0 g)

Mass Adsorption time (min)
of HPHCF
(9) 0 10 125 13 25 375 50 62.5 75 875 100
IEF 1.00 0.21 0.23 0.27 0.43 0.63 0.83 0.84 0.85 0.85 0.86
34 1.00 0.011 0.13 0.24 0.38 0.52 0.65 0.73 0.81 0.82 0.83
10.2 1.00 0.12 0.09 0.19 0.35 0.44 0.61 0.63 0.68 0.69 0.70
17.0 1.00 0.08 0.07 0.17 0.24 0.40 0.48 0.54 0.62 0.63 0.64
34.0 1.00 0.04 0.04 0.02 0.11 0.15 0.24 0.36 0.44 0.47 0.50
(@A Benke} o] o]n3df o] HEA 7} Asla o] 2nBdfroll A9 HFHFS GElste] A
AnlE JEE FAHE YA 7o FA7F FEE o Z3F HPHCF] E Yot tigh F24AES s 2
Ae FHE HZA o3t +2 W BFo] FA 72 Table 6914 Heukel o] hEUol 7k2of o
HA ol HAA s A 7)1FA3 ) fle A st e A Y xqZ‘D‘kol Z7Fstel wek F7Fst
o2 FAHAG. B3 FAE 25 oo E FHF3 Ao R4 2A9 AF Hol 94%°] FFES EHAS
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st A3S BT ol o]u gl *Xle A% AAE AL FHA o 7R st dEUYo}
A7171 gt AZAZE Aok FA9 dRES A o A UF it st HEFA|Zbo] FHer] Wi
I 9lo] o]2nd §#o] A YEh= 740:% AtE olm o]z QI3 FHEEE TVt T AlH
=3 ol A Hu 98%Y FFHES HATH
Table 82 100 ppme] NHz9| & W3l & 2
45, Lo} &=t A 7HS Dol AFE Table 804 HE npe} 2
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Table 8. Effects of gas flow rate and adsorption time on the remova efficiency (100 ppm NH; gas, 3 plies 10.2 @)

Flow rate Adsorption time (min)
(4 fmin) 0 8 10 13 20 30 40 50
5 1.00 0.17 011 0.10 0.09 0.13 0.15 0.16
10 1.00 011 0.08 0.13 0.21 0.40 0.48 0.61
20 1.00 0.12 0.10 0.17 0.35 0.64 0.81 0.83
30 1.00 0.13 0.14 0.27 0.57 0.81 0.82 0.83
Table 9. Effects of gas concentration and adsorption time on the remova efficiency (flow rate : 20 L/min, 3 plies: 10.2 @)
conc. Adsorption time (min)
(Ppm) 0 125 25 375 50 62.5 75 875 100 125 150 175
25 1.00 0.14 0.13 0.18 0.22 0.26 0.29 0.32 0.36 041 0.44 045
50 1.00 0.12 0.13 0.23 0.30 0.32 041 0.42 0.44 0.50 0.62 0.67
75 1.00 011 0.17 0.23 0.31 0.42 0.50 0.52 0.54 0.62 0.71 0.80
100 1.00 0.05 0.31 0.37 0.61 0.64 0.63 0.69 0.71 0.73 0.78 0.82
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