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Abstract : In this study, the hybrid ion exchange fibers (HIEF) were prepared by using web spraying
muthod with hot melt adhesive. Characteristics of HIEF and their adsorption properties for ammonia gas
were investigated. The ion exchange capacity (IEC) of HIEF was increased with increasing the resin
contents and their values were higher than those of pure resin and ion exchange fabrics. The removal
efficiency for ammonia gas increased with an increase in packing density of hybrid ion exchange fabrics in
the column. The adsorption breakthrough time was 270 min, which was slower than those of the resin and
fibers. The maximum value of adsorption for ammonia gas was 94%. The breakthrough time was also
increased with increasing the concentration and flow rate of ammonia gas. The reaction constant (k) for
ammonia gas was increased with increasing the concentration and flow rate of the gas, while it was
decreased an the mass was increased.

Keywords : hybrid ion exchange fabrics, web spray, ammonia gas, adsorption.
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Table 1. Basic Properties of Fibrous and Resin Ion Exchangers

Functional . Ion exchange  pH Working
Type Matrix .
group capacity (meq/g) range
Resin .

(SCR-BH) SOsH™  St—g-DVB 1.9 0-14
Fiber _ " B B
K-1) SOsH PP-g-St 3.0 0-14
Fiber —NH;~ ) 1.5 3

(AK-22)  —coon AN fiber 2.5 -1z
Table 2. Physical Properties of Hot Melt Adhesive
Melt viscosity at 180 C Softening point
Type . Color
(cps) (0)
SIS 350~500 79~84 Light yellow
APAQ’ 2400~3500 118~123 White

SIS : Styrene—isoprene—styrene. bAPAO : Amorphorse a—polyolefin.
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Table 3. Preparation Conditions of Hybrid Ion Exchange Fabrics

Linear velocity Temperature Layer Pressure

Adnesive (cm/s) (C) No (psi) fesin
SIS 3.2~49.9 160,170,180 1~4  20~60  SCR-BH
AMP-160
APAO 3.2~49.9 160,170,180 1~4  20~60  SCR-BH
AMP-160
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Figure 1. Schematic diagram of gas analyzer system. (1) gas, (2) mass flow controller, (3) gas mixing chamber, (4) 3—way valve,

(5) adsorption column, (6) 6—port valve, and (7) Analyzer.

Table 4. Adsorption Conditions of Ammonia Gas by Hybrid
Ion Exchange Fabrics

Resin(g) NF (g) HNF(g) G(ppm)  Flow rate (L/min)
0 5 5 20 5, 10, 20, 30
50 5, 10, 20, 30
100 5, 10, 20, 30
200 5, 10, 20, 30
10 10 10 20 5, 10, 20, 30
50 5, 10, 20, 30
100 5, 10, 20, 30
200 5, 10, 20, 30
20 15 35 20 5, 10, 20, 30
50 5, 10, 20, 30
100 5, 10, 20, 30
200 5, 10, 20, 30
30 20 50 20 5, 10, 20, 30
50 5, 10, 20, 30
100 5, 10, 20, 30
200 5, 10, 20, 30
40 25 65 20 5, 10, 20, 30
50 5, 10, 20, 30
100 5, 10, 20, 30
200 5, 10, 20, 30

# NF : Non woven Fabric, HNF : Hybrid Non woven fabric.
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Figure 2. Plots of changing mass and aeration time (pressure :
50 psi, adhesive : APAO).
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Figure 3. SEM photographs of hybrid ion exchange fabrics. (a) IEF (X250), (b) single layer (X250), (¢) single layer (X100), (d) single
layer (X250), (e) double layers (X100), and (f) double layers (X250).

Table 5. Ion Exchange Capacities for Resin, Fiber, and Hybrid
Ion Exchange Fabrics

Items Resin(g) Fabric (g) IEC (meq/g)
PR 10 - 2.20
PF - 5.0 2.40

R-1 10 5.0 2.31

R-2 20 5.0 2.27

R-3 30 5.0 2.25

R—4 40 5.0 2.23

* PR ! pure resin, PF : pure fiber, R—1 : 1 layer, R—2 : 2 layers, R—3 : 3
layers, R—4 : 4 layers.
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Figure 4. Adsorption breakthrough curves of hybrid cation ion
exchange fabrics for 100 ppm NH;j gas in 5 L/min. Layer of ion
exchange resin (1L : 1.25g, 2L :19g,3L :25¢g,4L :34g).
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Figure 5. Adsorption breakthrough curves of hybrid ion exchange

fabrics for 100 ppm NHj gas in 5 L/min. Mass of HIEF (3.4,

10.2,17.0,34.0 g ).
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Figure 6. Effects of gas flow rate and adsorption time on the
removal efficiency (100 ppm NH;s gas, 3 plies : 10.2 g).
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Figure 7. Effects of gas concentration and adsorption time on
the removal efficiency (flow rate : 20 L/min, 3 plies : 10.2 g).
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