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2 o d?"’ﬂﬁ“ X]?S}'r W A4k Ak o] 28 AAS) Y8 27154 FA HEreT Solend F@Ye
AzdHch 4o AZRE HE 712 FFAZ vinyl benzylchloride (VBC)$} styrene (ST), 7}aLA| 2 divinylbenzene (DVB),

283 ANA e, a-azobis(isobutyronitrile) (AIBN)C.Z o] &0l &A &0 F2H 08 Ttd fabrics FHET F €

% NaNA B89E YAF ohe trimethylamine (TMA)F acetoned ©] 83 &0l ZE7|(N'(CH:))E FHdte &
gk Zﬂxsr%iﬂ} Az ojizl $8F poly(VBC-ST-DVBY/fabric EH2E9] EAE dotRuA g &4&, 0|2
£3(IEC) ¥ 787]73‘%}% O} 2EAY 488 gol2 R BHAMX)H Bl ’\P??P%’\U} 1 A AzY FEL ofaFAY
AMXET & [EC% W& d/AF 54 Jetith 53 Azd Fol29S A7 F4ZA o X5t NaNOs, MgSOs,
NaF (27 F 100 mg/L) 5Y o] &AA AL 608 T 3T AT NaNO;BT o2} MgS0s, NaF ¢l 55 1 mg/L
ol37tA F AAHAS Q A% Alﬁiotﬁ HA7NEA 158 A3 3td o] LAEERY Hsl A9 gl AR Hop
A718A4 oF 158 WM] 2o] AAHNASE AT + ATk

Abstract: A series of anion exchange composite membranes were prepared and characterized for electrodialysis proc-
esses used in the removal of nitrate nitrogen and ions in groundwater. The membranes were prepared as follows; first, fabric
substrates were fully impregnated with monomer mixtures of vinylbenzylchloride (VBC), divinylbenzene (DVB), Styrene
(ST) and @, ¢ -Azobis(isobutyronitrile) (AIBN). Second, they were thermally polymerized to yield crosslinked poly (VBC-
ST-DVB)/fabric composite membranes. Finally, the membranes were treated with trimethylamine (TMA) / acetone to give
-N'(CH,)s -containing poly(VBC-ST-DVB)/fabric membranes. The basic membrane properties such as ion exchange capacity
(IEC), electric resistance and water content of the resulting membranes were measured as a function of VBC/DVB and
TMA/Acetone content. As a result, the composite membranes showed lower electric resistance and higher IEC than com-
mercial anion exchange membranes (AMX, Astom). Electrodialysis tests using the prepared membranes were carried out for
the removal of various ions such as NaNO;, MgSO; and NaF for 60 minutes. The results showed that the ions were re-
moved below 1 mg/L within about 15 minutes which indicates that the anion exchange membranes prepared here could be
applied to the electrodialysis process. as can be seen in the following that the ion conductivity values were almost no
change after 15 minutes electrodialysis.
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1. AEx=E

AAAZE viscose rayon (HlAIA #o)L, o]s
‘vt A9, sikk (B, olsk S'2 AE) cotton (H
ojgl ‘C’et A T ThUF fabric ALY HHE A
3T TSl AHSE 9FAZ VBC (HC =
CHCH4CH:Cl, Aldrich, 97%)E, 7}2A 2 DVB (CeHy
(CH=CHy),, FW 130.19, fp 64°C, Aldrich, 80%)Z A}
SN o] 2AILFIEC)S A5 s 2
(CeHsCH=CH,, FW 104.15, mp -31°C, bp 145~146°C,
Aldrich, 99%, ©|3} ‘ST’g A3hH& A7IBIH L, T8
AAZ AIBN (Junsei, 98%)2 AA flol Ag31ch. of
YA 2= TMA ((CHs3pN, Aldrich, 25 wt% solution
in water)% AcetoneS AFE3TH IEC & 23S 9
o BHMHIEENa,COs, 99.0%)3% H3UEF(NaCl,
99.0%), A4t2-8M(AgNO;, Aldrich, volumetric stan-
dard, 1.0N Solution in Water), ZE2HF4HZE(K,CrO,,
Aldrich 99.99%)& AH&31]th.

2.2. Fabric Al¥E X|X|&Z2 3 So|2w&atol M=
V, S, C 5 Al 7HA fabric AGY AAAE o] &3t
ol 2 n#E Az3AT A7 flasks) @A}
& NAAE At Y ulad g nlE o] g3ty 7
AA7d & W7hx) wubste g3 298 Znstg
e A #9492 VBC EFA 60 wt%ot 7 A
2 DVB © A 10 wit%, Styrene 30 wt%E 71319
I GFAEY F FHE ds) T /AAA AIBN 1
wt%E H7F5FA T Table 10] G4 959 A
£ VeI
AA A 7HA AAAE SFA o] G7F Yo

FES 2B 71FE A3 TIANNEE L4
A 2N frASGT 2 3 5 39S 124 50 9
3 JNAAAE *cﬂ%iot%, T e v 98
92 g AAAE LEAAM 60°CE 1647t B =&

A

HHEAAY. FES 98 F Azd BEgge 2
& %9 THFA €71 poly(VBC -ST-DVB)/fabric 23
oo ulnky dFAE AAS}H. Fig. 19 poly(VBC-
ST-DVB)/fabric &329] A=E YeR AT

Az 7taee TMAS olMES 1:3 HIER &3
g &l AF2(25°C), 24A3E A Bt FRF] olw3}
ANAT olHls} Hhgo] 95 @ Htulol FgFo g =4
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Table 1. The Composition of Reaction Mixtures for the
Preparation of the Poly(VBC-ST-DVB)/Fabric Composite
Membranes

Component VBC ST DVB AIBN

C added 1 wt% of

(Cotton) 60 30 10 total monomer
weight
Monomer S added 1 wt% of
ratio (Silk) 60 30 10  total monomer
[wt%] weight
\'% added 1 wt% of
(Viscose 60 30 10  total monomer
rayon) weight
AN ~ \
wic + [ 1+ + e 25C pore-filed
\\_ impregnation
[ S

polymerization

poly(VBC-ST-DVB)
ffabric compsite
membrane

Fig. 1. Polymerization process of the poly(VBC-ST-DVB)/
fabric composite membranes.

e ofdlE AASY] st ZeE(182 MQ -
25°C)2 g W AMAZIL EOA 2EFAA E}Et“
59 97} ol d &2 H poly(VBC-ST-DVB)/fabric &
gute] BF TMAE FA3) AAsI €73 of¥l7]
(N(CH:); V7t =98 o}3t 983 poly(VBC-ST-DVBY/
fabric BB A XsATE Fig. 20 oiflsl ¢4
poly(VBC-ST-DVB)/fabric &322 AzE YERNA
T}H9,10].

2.3 #rE 5%
olw13} =¥ poly(VBC-ST-DVB)/fabric E§7H&
FRTA FIANA 29 FHES T HHHLE

Bgute) tusg Augth WA ofvs a9
poly(VBC-ST-DVB)/fabric £ 492 &9 24/\] 7+ o)A
AANA F83] T& FH5 jgg/\]ﬂ H E7)
ZA2HA Fohl L sold FAE o}gm o]
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_T_cﬁ
poly(VBC-ST-DVB)
ffabric compsite

membrane aminated poly(VBC
-ST-DVBifabric

Fig. 2. The preparation of the aminated poly(VBC-ST-DVB)Y/
fabric composite membranes.

al

f Y

N

. W,.,— W,
& (wi%) = %ﬂyx 100 (1)

wet

A7 W B o8 To FA, Wyt Axd
9o BAE 47 Jehd

°

2.4. O|2n##3EHIEC) X
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Fig. 3. The experimental apparatus used to measure the
electrical resistance.
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Fig. 4. The apparatus for removal of nitrate ion.
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3.1. Fabric Al¥
SEM &4
Fabric A9} AAAZ o}78 454€ poly(VBC-ST-
DVB)/fabric &7t 5§ AF9 SEM AZlE e
Witk Fig. 591 vV ARA e SEM AdE E vln ¥
olmsl xjg] o ALHE Fig. 69 S ARAA & 7t
2 olHlx g A - F9 LolemFute] £W SEM AR
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3.2. Fabric Al¥g xxjHz A=t So|RuEate]
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ojld} #EH poly(VBC-ST-DVB)/fabric &3 72t
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Aok Fig. 704 & fabrics AH83td @HFAZ STH
VBCY &3t Aze 5T FFEG1I~wi%)S
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(a)

(b)

Fig. 5. The surface morphology of substrate V (Viscose
rayon) and aminated poly(VBC-ST-DVBYV (Viscose ray-
on)V composite membranes : {a) SEM image of substrate
V (Viscose rayon) surface, (b) SEM image of aminated
poly(VBC-ST-DVB)/V (Viscose rayon) composite mem-
brane surface.
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(b)

Fig. 6. The surface morphology of substrate S (Silk) and
aminated poly(VBC-ST-DVBY/S (Silk) composite mem-
branes : (a) SEM image of substrate S (Silk) surface, (b)
SEM image of aminated poly(VBC-ST-DVB)/S (Silk) com-
posite membrane surface.
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Fig. 7. Effect of the substrate on the water content of the
aminated poly(VBC-ST-DVB)/fabric composite membranes
and AMX membrane.
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Fig. 8. Effect of the substrate on the jon exchange capacity
of aminated poly(VBC-ST-DVB)/fabric composite mem-
branes and AMX membrane.
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Fig. 9. Effect of the substrate on the electrochemical resist-
ance of aminated poly(VBC-ST-DVB)/fabric and AMX
composite membranes.
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Table 2. Conductivity vs. Concentration of Nitrate Ion in Aqueous Solutions

Nitrate solution concentration (mg/L)

1 5 10 20 30 40 50 60 70 80 90 100
Conductivity 33 128 221 404 601 790 990 117 136 155 173 193
(us/cm)
500 ; —e— NaNOj 500 o
— - —a— MgS0y - - —o— NaNO3
€ a0 —+— NaF § 400 [ —o— MgS04
- - —a— Mix Solution -~ i —*— NaF
LY - L3 C —a— Mix Solution
2 300 | > 300 F
S 3L
‘g - ‘g -
3 200 5 2001
E Ot 2
0 N O -
c 100 | e 100 |
0o - 0 N
o of
- i i | | | | { { { i { i | i

0 10 20 30 40 50 60
Time (min)

Hg. 10. Various ion removal tests using AMX membrane.
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AAA Y oivistd EHFEEL 48 AMXH(6.56 O
em)ETH 97 e 37~534 Qem’d #E JHAE A
£ AFHD. 0T AL FrE B olLuFETFY
dolEeiA oju A5 4 4+ AAY AME AMXTE
o 1 A7)AE gho] Fo} AIFEA A gt 9T K3}
7HE AA 2 0 AL ¥ AR 55 AYLE 9
e i

35, W] 24 Bxle) 21 ¥

oy aze BY AEE Z457) 98 994

A(NaNO3)E 500 mL2] 100~1 mg/L z;gt%a PET Y
77 Azdly AEEE s 23T 5 Y& 4494
EEAE 53 w59 A=RY HAFAE FAIHL
™ o] Table 201 YT E3 100 mg/L 2AHA

ALE TR U LA AEYoR FHG 5
A& AR B AT A AzE A A B F 7L
2 71A4 = 9 gl Yol £& R wdd
ojtlsl 238 poly(VBC-ST-DVB)V E§utg AHg3}
ol 9 Vo A ststa AAAA e Wsd o E
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Fig. 11. Various ion removal tests using aminated poly(VBC-
ST-DVBYV composite membrane.
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Table 3. Removal Ratio of the Ion Before and After
Electrodialysis

NaNO; MgSO; NaF X

solution
Before

electrodialysis 101.4 102.3 101.8 97.08
Aminated (mg/L)
poly-(VBC- After

ST-DVB)Y/  electrodialysis 0 14 02 1.6
viscose rayon (mg/L)

Removal ratio 50 g5 997 954

(%)
Before
electrodialysis 884 737 81.6 1079
(mg/L)
After
electrodialysis 0.1 05 02 0.4
(mg/L)
Removal ratio g9 ¢ 993 997 996
(%)
Ae ¢ F AN NaNOs, MgSO4, NaF 59 @Y &
dg ANRNE A3 ¥ oSS EFSH] UE £F
4 A T } B3t n g 5 ARl oFhe] Afel
= AAT 58 AAYSE EAT £ 608 F

oF A7 EW} A7 Table 32 B NaNO;#gt o}
Ut MgSO0s, NaF ©| $% 1 mglL ©37tA & A A
HATS 9T F dA9.

4.2 8

€ AT E Adte U dFoE EAse FAH4
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2k ST ol A71EA Y] AT &) o] 2uFY F
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g pEstgon AdgAdae f3 O}i£ o &
s Az £9& o s FEr £ oftlg
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7154 R ALste] gol AA EAE Yolry
e 2 AES 49
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FHME FA% Solendgo] AxHISE U
T AR
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o] AMX (2.4 meq/g, 6.56 Qem)ETh 2.54~3.8 meq/g

ojg3 o] AA BEAGT 149

DHLFTA 37~534 Qem’e) FE A7)
g 7 A AAT 4 Uit

3) AdE w5 opmisl $5¥ poly(VBC-ST-DVB)/
Vit AALY] A7 FAAHE o] 83814 100 mg/Le F4At
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