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Abstract : In this study, adsorption properties of oxidized NO by plasma using aminated polyolefin—g—
GMA hybrid anion exchange fibers were investigated. The maximum conversion of NO, by plasma was
49% at the conditions of 200 ppm NO, 10% O and 30 L/min of flow rate. The adsorption content for
NOg of hybrid anion exchange fibers increased with increasing the swelling ratio and the highest value
was 1.5 g H:O/g IEF. The adsorption of NOs by hybrid anion exchange fibers were very fast until 10
min and reached its maximum value of 80% at 120 min. Ion exchange capacity of hybrid anion ex—
change fibers increased with increasing the swelling ratio and it showed the highest 0.6 mmol/g IEF
values at L/D=5. The adsorption isotherm model for hybrid anion exchange fibers were closer to
Freundlich than Langmuir adsorption isotherm model. It was shown that adsorption of the multi—

molecular layer was dominant.

Keywords : hybrid anion exchange fibers, plasma oxidation, NOx, adsorption isotherm model, multi—

molecular layer.
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Figure 1. Scheme for continuous adsorption bed of ion ex—
changer. (1) Ion exchange column, (2) gas bomb, (3) MFC,
(4) gas analyzer, (5) plasma equipment, (6) data acquisition
system, and (7) vent.
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Table 1. Conditions of Plasma Oxidation and Adsorption of NO,
and SO,

Plasma Input gas condition Adsorption condition
power Oy NO SOy Gas flow rate  Swelling ratio '
W) (% (pm)  (ppm) (L/min) (g H0/g IEF)
15 5~10 150~350 - 30 - -
15 10 150~350 - 20~40 - -
15 10 200 - 30 05~2.0 -
15 10 200 - 30 1.5 1.0~5.0
15 10 200 500 30 - -
15 10 200 200~1000 30 15 2.5
*L/D=column length/diameter.
Concentration of SO} _A-BxC (10
(W x2)
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Figure 2. Effect of NO concentration on the removal efficiency
for different Oy contents in NO gas : (@) 5% O, ; (1) 8%
Oy (m 10% Os.
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Figure 3. Plot of NOy conversion vs. NO concentration at 25 C
(flow rate=30 L/min) for different O» contents in NO gas.
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Figure 4. Plot of NOy conversion vs. NO concentration at
25 C in 8% Oq for different folw rates.
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Figure 5. Effect of NO concentration on the removal efficiency
for oxidized NO treated in 8% O for different folw rates.
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Figure 6. The adsorption of NOg by hybrid anion exchange
fibers of different water content at 25 C(g HyO/g IEF) ;
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Figure 8. Adsorption curves for 97 ppm NO; with (a) 3 kinds
of mixed gases and (b) 3 levels of SOs.

re=
o= E_

ol A1 NOgell et SOz2 sto] E3het AMd7EAe] &
2+ 924 [Figure 8(a)]1¥ SO28 % Wglel] mE &2 o1}
A [Figure 8 (b)]-& YERH 282 o]t) Figure 8(a) oA Re
H}Q} 2ol 3ol ANl 7] 10274 F2527F Hilg- ik
Ao, 7 o]Fe A FAR NOgeoll thet 3 SO,
31 L7t SRS A4 nisss 78‘5?3,& o] A %3
HJAI NO7F 7F WAl 525 A3E Belvh E=3 SO.7k
R A5 FA2 NO W} 57 w~7}6‘}9i3u1 S0:9 FE=7}
S/VETE F2E B Stk AEE R, oF 120+
A oF 80%2] FHES Btk olgAl £t Uist S
o] F7Fh= oz S022] o3 A&o] NO, B} A= =2 o]
W3 Al digtk vheAdo] S71siely] Wi Als et
ShH, Figure 8(b)> NOzke] Fa&2 vlwslr] 918t SO,
o] FEE WA Higole w3t RS o d9e
FEel BAgle] 10 oy BF %’351312”1 1 o)Fof e F
=7t 57}5@] wht St} 7 wEA Hs]o] 1000 ppm

S0,8] A% ok 90%olA] 90%2] Fo olFolRa FEA} Uk
s EAs AU AE usich S ole)

22 NO W3l B2 BT A ekt glow, of
e Eghe] ol £ NO, uth 5 ) et 4
912 AL 4 ik

9l
Ol2ugt EX8Y S0l 1L

g )

A fre] o] 2w gt 8 o

(b)

Figure 9. Effect of (a) swelling ratio and (b) Z/D on the ion
exchange capacity.

2w A T gl EAlsk= R ke W ol&s0] H3
S0l W Ul o] X|3E = A =E D3l Figure 9%
STl 3 1)) Wale]| upE Ei-gold wIHRe A

o] gdol T

=

22 YERN 2102 Figure 9(a) ol ¥ nle}l 2
Sl e} o] w g 85> 1.5 mmol/g IEF7H4] F7181310.
Srgo = A AR} 38t Figure 9(b)
Bigole wEAe A F4 v)e] Mgl W& NO; 9] &
2§20 W= plotst Zlolrk Figure 9(b) oA X nke} o]
FEERE L}y 25 SIS eH, L/D=5¢14 0.6 mmol/g

[EF¢] o]Zigh &85 tEhfiglth

4
o
%

sk Flgure 102 SO, &% ®Wigle] mhE o] 23k A7 o]
Lﬁ‘r L3S S Aok 2 T =oA] NO2| A ol2wsl
gake o.02 mmol/g IEFC.2 79 elAstson] 50,0 A

o

°k 1.0 mmol/g IEF o|3it}l. &37}Ae) st o] 2 w3k g2
Q Zhxef vlel B =2 SRS YERSIET] o] Figure
8ollA dwdsh ukel o] S0.9] o3} o] AX F2H-E-7o|
NOz Bt} 2 Y= 202 AFREIT) 3 S0,9) F57f
S7FETE SO0 FaeHY EF7ERe] Fago] S7tskel
= ol S022 =7t 571l wpet vkgAde] & S0 &2t
o] W=7 XP=]7] Wiz o 2 AR E ST

S2&% ndl H3k5ol2 w3Re] AF 7kael digt AT
S A R7| S5l HItgol: webdfael £ & Wl 3l
A9 2 FEEAE s FEHAME e Ak &
ZAIZIH= Langmuir 293 7 9] S22

Polymer (Korea), Vol. 30, No. 4, 2006



296 %013 - 7}
BES o] gslo] th5e] & (1D ¥ (12) = 3as|9ich
abC
= £ 11
& 1+bC, (1)
Q =KC" 12
A7IM, Qe F&FHoIW, abe Langmuir A7, G B3+

%, K, 1 Freundlich <75 UrE}‘% Zolt},
Figure 11 S&5% 29 welu|e|E Fa)7] Y8 HA2Ah
FHE o]g3sto] YElhd 1ot} Figure 11(a)+ 1/Q. vs

4 T T T T T
——NO2
—@-S02
= —A— Gas Mixture]
om 3F 4
S
S
o x
%00 ok _
=
3
% E
o & i
S
— T I .|
0 200 400 600 800 1000 1200
SOz (ppm)

Figure 10. Effect of gas concentrations on the ion exchange
capacity.

0.6 T T T
g y = 0.0886x + 0.442
ED 0.5 b
F
~
—

04 1 1 1

0.0 0.5 1.0 1.5 2.0
1/C. (L/mmol)
(a)
0.9 T T T
y = 0.1032x +0.6094

0.8 E
7
5

0.7

I5
In C.
(b)

2.0

Figure 11. Linear fitting of 1/Q. vs 1/C.(a) and In Q. vs In

C.(b) by least square method.

=0/, A30¢¥ A4z, 2006

X

ey
2.5 T T !
2.0 7
2 15 ]
Q
g
E
] 1.0 )
0.5 )
—{— Langmuir isotherm
—O— Experimental data
0.0 e Freundlich isotherm|
. L L L

4
C.(mmol/L)

Figure 12. Plots of measured data and adsorption isotherm
models on the hybrid anion exchange fiber at 25 C.

6

/G 71&7] 9 diS AR3o] Langmuir 5252 229 JqLE‘r
g g HE ZF2} -8 Ao 1 Figure 11(b)+= Freundlich %
Fand seng K p& 757] 98 In Q. vs In GO 7]57]
9 Ao] ks vERd Aot 2o sl HE tigdsie] 4o
2L 21(13)F (14) o YERSITE

1 1

—=0.0883-—+0.442 (13)

Qe G

In@, =0.6094+0.1032-InC, (14)

/\O]—}ﬂ

wals} 24 $A 2 ol
. Figure 12914 R+ vhe}
RSl F2E 52
¥} Langmuir 5252 24
7WHEom, o]25 ¥ Freundlich
HE BReole WA RN
T o|2HE & AFeA ]
3].7." ubxg o]»— 718 0 §]—0]-5L I
25 ol ke bl
F& A5 otk

Figure 12+ ©]
7 2eEa ud

o] ¥ gl
F/ki} .Lﬂtﬂhﬂ:,]

} Freundhch

}:J—\l

2

5
]
]
M
=4
B\l [

A
#t

O‘-m }‘r\

rhu

w9 A
=2 R ia}*ﬂ} AFspES-o]l 23 NO,2)
a1 AR vt 2tk

D EE}*UP Aol gt AbaErt F7kstel wEk NO A7
T8 9 NOp Aghgo] T7ketlon, dis T8k 71A19
Zo] Wk of wke} NO, 9] AgHgo] S7sl3iT

2) EFol2 waHd2] NO, 22 8] 5
7hetglom, Bt 3EEe] Fotel wet R akat AlRto]
At

3) Eol .11:1:

#2 A WSl e B B
EAATS

iy
ke

I Aol T35 o] 2
(L/D)7} S7F8r= NO29 &

7_(]1—0



Bggole wEAfl

oF 400+2eA FHd} 80% &2e] =t

4) NOx, SOx2] &3} 7149 %OL Egnel BARle] 27
107K F2&557) ullg- wEA] 71385910 71 o] FoflA] SOz
EE7F SRS SUFRIICE Bgh 7k el wIgle] 10%

ool B FEo] kR

5) Eigole wEdte olewdgake /D=5 u Ho)
0.6 mmol/g IEFQ] Ao 2 e} ow l"—‘:Oﬂ e ol2wd &

22 NO»2 7% 0.02 mmol/g IEF, SO22] 3% ¢F 1.0 mmol/g

IEFORM E37k2e Higth o] 2wk 85 SO0 Tt S
o whet F7lsksich

6) FAH Eigold wEHdfelre] F22 Langmuir 5%
2} du ) Freundlich 5252 Zdle] 7719l o, ol& A¥=2
HE 2 AelA ] FARE tHEAlgelA el F3to] Akl

AT 2% AT 5 U

N

2Rl 2 B AT 2005 F27190% A A A%
A7:3] ARJel] eJsfo] aEIgion] ole] A=k

ol

=

l:l__'l_

O
et

1. T. S. Hwang, Y. S. Kim, J. W. Park, and H. K. Lee, J. Ind.
Eng. Chem., 10, 139 (2004)

2. S. H. Lee, K. C. Chung, J. W. Kim, M. C. Shin, and H. S.
Lee, Analytical Science and Technology, 15, 256 (2002).

3. H. Bosch and F. Janssen, Catalysis Today, 2, 2369 (1988).

Zalan}l Akl AE)sk NO9 EHEA 997

4. M. Rea and K. Yan, Energization of pulse corona induced
chemical processes, Springer—Verlag Pub. Co., Berlin
Heidelberg, 191 (1993).

5. A. Chakrabarti, A. Mizuno, K. Shimizu, T. Matsuoka, and
S. Furuta, /EEE Trans. Ind. Appl., 31, 500 (1994).

6. Y. L. M. Creyghton, E. M. van Veldhuizen, and W. R.
Rutgers, Electrical and optical study of pulsed positive
corona, Springer—Verlag Pub. Co., Berlin Heidelberg, 205
(1993).

7. S. J. Scott, A long life, high repetition rate electron beam
source, Springer—Verlag Pub. Co., Berlin Heidelberg, 339
(1993).

8. S. Pekarek, J. Rosenkranz, and H. Lonekova, Generation
of electron beam for technological processes, Springer —
Verlag Pub. Co., Berlin Heidelberg, 345 (1993).

9. W. C. Fernelius, L. P. Hammett, and H. H. Williams, /on
exhcnage, McGraw—Hill, New York, 1962.

10. S. I. Lee, K. C. Cho, and C. K. Shin, J. Korea Society of
Environmental Administration, 5, 429 (1999).

11. I. H. Cho, N. S. Kwak, P. H. Kang, Y. C. Nho, and T. S.
Hwang, Polymer, 30, 3 (2006).

12. J. Y. Park, Y. S. Koh, J. D. Lee, S. D. Son, S. H. Park,
and H. S. Koh, KIEEME, 51, 406 (1999).

13. Y. S. Kim, T. S. Hwang, H. K. Lee, J. W. Park, and S. M.
Kim, J. Ind. Eng. Chem., 10, 504 (2004).

14. T. S. Hwang, J. H. Lee, and M. J. Lee, Polymer, 25, 451
(2001).

Polymer (Korea), Vol. 30, No. 4, 2006



