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Abstract : In this study, the sulfonated ion exchange fiber was synthesized by Co™ y—ray radiation—
induced graft copolymerization. Degree of grafting (DG) increased with increasing the total dose and showed
the highest value at 50 v/v% styrene monomer. And also, the degree of sulfonation(DS) increased with
increasing the DG and reaction temperature. DS showed the maximum value at 20 min. lon exchange
capacity and swelling ratio of ion exchange fibers increased with increasing the DS and their maximum
values were 4.76 meag/g and 23.5%, respectively. Ammonia adsorption increased as increasing the
ammonia concentration and ion exchange capacity and remained constant over 10 cycles.

Keywords : y—ray radiation copolymerization, ion exchange fiber, ion exchange capacity, degree of
sulfonation (DS), degree of grafting(DG), ammonia adsorption.
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Table 1. Synthetic Conditions of Graft Copolymer and Sulfonated POF-g-Styrene Ion Exchange Fibers by Co® y-Ray Radiation-Induced

Copolymerization

Graft copolymer

Sulfonated POF—g—styrene ion exchange fibers

Total dose Solution v/v%) Solution (v/v%) Temperature Reaction time
(kGy/h) Styrene monomer Methanol Chlorosulfonic acid  Dichloroethane (C) (min)
1 10 30 5 95
2 30 50 10 90
3 50 70 15 85 20~60 5~60
4 70 90 20 80
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Figure 1. Effect of total dose and styrene concentration on
the degree of grafting (DG).
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Figure 2. Effect of temperature and DG on the degree of
sulfonation(DS).
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Table 2. Swelling Ratio and Ion Exchange Capacity (IEC) of Sul-
fonated POF-g-Styrene Ion Exchange Fibers

Degree of sulfonation  lon exchange capacity ~ Swelling ratio

(%) (meq/g) (%)
48 3.57 14.9
57 3.96 16.0
61 412 17.9
70 4.32 205
73 4.65 21.3
75 4.76 235
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Figure 5. Synthesis mechanism of sulfonated POF—g—styrene
ion exchange fibers.

2 Rt 9 ol2wd AHel 7ol Table 2014 Be vt
s} 7ho] A E3}go] ZyNee] wet ol 2w st £ e BT
Zrleriom, olewd g8 Hol| 4.76 meq/glE 7IEt @Y
7RIS o83k AT ol o] Aol Bet vl %
A btk wat g8 A4 Ad) 23.5%E A et o]
27 olewst §3o] AU 7IAE AMS ol wd dfErt
=4 Jeh = o]8= Figure 59 ¥k wWAUEAA Hi viol
o] EzE ¥EE gl POF 442 UiF-(PP core F
)9} 9R(PE shell ) ol 2E]d ©eAl7} 2HZE 3535
o] Tol¥ WlAlTe) ool A & FriEP] wiEeld, I8 Q1%
HEFE Y oL &3 3 Flehe AR AlEE T AEs)
go| Z713bo)| wat grgo) SR ol ¥ AEWIMY
AgA 0= ol Ws7ldl o8l FA Uehte ZoE AEEH:

FTIR ARER M Figure 62 A¥3} POF—g—styrene ©|
2 Ao FE22 FIs] $lste] ATR FTIR A¥ERHS
223 Ago|th, Figure 6()¥ POF 7]A2] AHEHOZH
Figure 6(a) oA 1= nle} 220] 3500 cm ™' F-2Zolld OH =19}
3000~2872 cm tellA] C—Hell 9§t A%2E 3371 vl §l
o™ 1700 em™ ' B-29) C=0 2 1435 cm ™ *elA CHz9) rocking
deformation® 1383 cm ‘oA PP EAF 7} LR Ao
Z Ho} PE/PP B3Mdf0 725 1T F Atk

w3t Figure



AR S8 9)3t HE3} POF—g—Styrene o]

vl T
- o
@ 35000m 3000~2872cm
1700cm™—

1430~1670cm ™ —Lw

Transmittance (%)

1020cm™
1100~1300cm”

(C) 1 1 1 1

3500 3000 2500 2000
Wavenumber (cm™ 1)

Figure 6. ATR FTIR spectra of (a) POF, (b) POF—g—styrene,

and (c) sulfonated POF—g—styrene ion exchange fibers.

1
1500 1000

Table 3. BET Surface Area, Average Pore Diameter, Porosity, and
Tensile Strength of Sulfonated Ion Exchange Fiber

BET surface Average pore Porosity Tensile

Type area diameter strength
(m?e) (hm) %) (kgf/mm®
POF ' 97.3 3774 80.3 0.98
POF-g—-styrene 604 189.9 726 0.46
Sulfonated POF - g—styrene 55.3 1624 715 0.20
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Figure 7. SEM photographies of (a) POF, (b) POF—-g-styrene,
and (c),(d) sulfonated POF—g—styrene cross section.
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Figure 9. Effect of ammonia concentration on the ammonia
adsorption of sulfonated POF —g—styrene ion exchange fibers.

10 A A A A A A A re A A
2
[} m  3.57meq/g
E ® 4.12meq/g
= A 4.76meq/g
] sb
a — o0 —9o oo o o o o
&
o}
17}
o
<
Z e — e,

1 1 1 1 1 | I 1 i

6] 1 2 3 4 5 6 7 8 9
Cycle number

10 11

Figure 10. Plot of ammonia adsorption of sulfonated POF—
g-styrene ion exchange fibers and adsorption—desorption
cycling numbers in various of ion exchange capacity.
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