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Abstract : Heterogeneous anion exchange membranes were prepared by compression molding for the
recovery of sulfate ion from waste water. The swelling ratio, transport number, and ion exchange capacity
of the heterogeneous anion exchange membranes were increased and their electrical resistances were
decreased as the amount of ion exchange resin content in the matrix was raised. The tensile strength
of the heterogeneous anion exchange membrane was decreased with increasing the amount of ion
exchange resin in the LLDPE. The tensile strength for the LDPE heterogeneous membrane containing
30 wt% anion exchange resin showed the highest value. The water content increased with increasing
amount of ion exchange resin in the membrane. Moreover the highest transport number of the membrane
was 0.86. The electrical resistance of LDPE matrix membrane with 50 wt% resin showed 46.5 Q + cm®.
Current efficiency of electrodialysis for sulfate ion showed the highest value at the current density of
125 mA/cm? in 0.5 mol/L sulfuric acids solution.

Keywords : heterogeneous ion—exchange membrane, electrodialysis, extrusion, LLDPE, LDPE, ion
transport number.
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Table 1. Basic Properties of Matrix and Resin
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Matrix Melt index Density Tensile strgngth Elongation Ton exchange capacity Polymer
(g/10 min) (g/cm®) (kgf/cm®) (%) (meq/g) type
LLDPE 20 0.92 112 650 - powder
LDPE 22 0.915 90 400 - powder
Resin Exchanger Densigy Ton type Moisture Ton exchange capacity Polymer type
(g/cm”) (%) (meq/g)
Strong anionic
IER —N"(CHs)sCI~ 0.67 Cl type 49~55 1.2 ion exchanger
bead
YA =5l ) o] w3k & AJAjo] Qs o] oA tiEk Table 2. Preparation Conditions of PE Heterogeneous Membrane
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with Anion Exchanger

LDPE or Resins Mixing
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1. Extruder 2. T-Die
3. Twin Roll Hill 4. Circulation Water Bath
5. Cutter 6. Water Bath

Figure 1. Scheme of extruder for heterogeneous anion—exchange membrane.

HMAFEO0|A(SEM) & Z374e] 23do) wet Azt 24t &
olwdtete] BEZX|9} 79 AVSH W mEgAele] AW
HE %{r’é 5171 $J81] SEM(model LEO 1455VP, Germany)
ARS RIS A& 20092 dlal & A]EE gold coating
Sto] BAIEIAT
&te+2(Water Content). o] d-S 4271 (3X3 cm) &
dkgh & 0.1 M NaCl g-<llel] JAAA F8] FEaA7 the o]

N

=1t
2w 119 free waterE AASE 3 FFSBaL, )5S 60 C
ANFEN 24412 AZAA YAAIZ & FAE S o=
2o

o3 FrES T

WwC (%) = ( Wier— VVdry)/VVdry X100

ol

A7 Waers o812 2] A0, Wayt AZATEHS] 9
9] FAo]th.

ato| M7|X&HElectrical Resistance). ©]- 2w gtte] A7 A&
=243} 28l 2—compartment cellS ARESFITE 28 A=
71(3% 3 cm) & Aukslo] 1713} Ao 718 5 0.1 M NaCl &
Ao A7 IATS SYRY 8 F 2 AlASIAL e §oRke]

AdE ZH R 81 ofele] A& T3l A7|A83ks Tk
ER@Q -m?)=R—K) - A

A7VA, R 7188t Alef| vk 78 ¥ 7% A71A%el R
£ & AAS F daidnke] A71AFS veRdch st AE |
o] fra WAS ek

ato| 0|24%4(lon Transport Number). o] &gt o] 24
$52 245 Ysle] 92713 %3 cm)i A 95 0.1 M
NaCl £-dof| X7 HF A efol] =FAZ] T 2—compartment
cell& ZHsla $=<f 0.01 M NaCl¥# #FH=°] 0.1 M NaCl=
FYH A 3 Ag/AgCl 7153=-8 multi meter (HP34401A)
o] AAs] AYRE 24t s FHAYE ol Ao
iglete] vk o] 24555 FaIlth

En=RT/F) X 2ta—1) XIn(G/G)

o)71A, R=71A35%

F=faraday &

7T=Kelvin temperature

Cl, G=899 F5(1; ¥2 55 2, 92 55)
= orjo{x] .Iﬂﬂ— xﬂ 0]

tm:U—]v—O] ol &FETE HERITh

ol2uel2aKlon Exchange Capacity). A|ZZ7 el w

4 o] 5& uhe] ol 2w dsS F3t] flste] A=A (BXS
cm) 9 A ] = ClI forme= XgA71 3 500 ml A=t
230 @3 4% Na,COz 200 mLZ 78t o8 6A17F E<F 1

vl & *J'EQH 50 mLE FH3al3ich £33 25Nl potassium
chromate 2 mLE 7}5FaL 0.1 N AgNO3 ZFg0 7 A%t

T ol o] oJs) o] 2w IS AAEATE
Ion Exchange Capacity (mea/g) =44 - N/Sy

o714, Ax= 0.1 N AgNO3 EFEH9] Fo]i, N EFE-
9 w2 Froln S Axy uo

ato| QIFUE AIE. ] AP ASTM D638 *]@F’o‘ﬂ
o] we} specimans A|Z3HA, o]5S 70 C MFedolx &
3] AZAIZ] F InstronAte] UTM (Series IX Automated Ma—
terials Testing System 1.16) 2.2 uho] Q12 Q1 M85
SAsIGTE SHEAE £o)7] flet] FUAEC] tiaiA 5314
SAste] Hoaks T

Hio|Z2|2t M7|SAM(EDBM) RH|'7 - Aol AMEE Z7)1F
A e g, w59, 283 A59E S3AP] f1st HE
o} ols 9] Az, J8a ARAY 35 A ToE 7Y
Ak AEE vlo| &t Fol2wdhehE A= ajdsto] 54
TEE FASITE A3l AREE AEe] i 9l Ak 94719 A
Z Q)= Figure 2 T8I T3 B nle) o] 34
Z(diluate reservoir)©l 20 wt% 2] MIEE 95 Y AF
£ Feotd Shlol&d FoludtE Tl FHEE o)Esto]
Hlo|Zajutol| ] AAJE H o] 23} Agtslo] ito] wHEofxith

Hlo)Zapuke NEOSEPTA® BP-1, gol&wdlte Az9 PE
A w5 7P Ade0] T2 Ze ARgRIgith ¥ A= Alolel] vk
o]Zetut} Sol 2wtk wrlE wjgdste] F 5 cell pairg
sate] AEE AAeisich W715FA gl ARgE Bt sk ge]

Polymer (Korea), Vol. 31, No. 3, 2007



250 -

FHAL 50 cm®9lal stack®] HA| G-au WA

HIO|Z2tat HM7|EA FR|o| 28,1 Batd o] 2w due] St

of
o 1

529 st AFd = EDBM

)

d
Ni

]

o229 AAY LS AFeP] ekl ArEA AR
i M 372) £33 Aol
= 9Fe Lopral HAe| 231& 77%7] 98l 274 zAo®

ok‘N

- H A -

A2 250 cm“lth.

e skl 4

Pro] Asteic S5t SAele 217} 1.2 Limine] fko.

2 stackel] IFE o2 "o HMET) 6 cm/sec”t HE
5. O%/] NagSO4

= Foir) el % E.Loﬂ FFEE AFele

1.0 LE A}%—OP‘;’QE}. A 54 7722 EDBM #74°4 w520l
A gl skl wE AFasl] Waks S4s] fléke] 0.5,
1.0, 1.5, 2.0 M8} &4t &4 1.0 L& Alxsio] 244239

(NH,),80, (NH,),80,

AMX BP-1 AMX

BP-1
0,
H+
OH-
1

Anode

gmunn |

H,S0,

Figure 2. Schematic diagram of 2—compartment electrodialysis

with bipolar membrane.

BP-1

SE

sheollM A

—~ N:

/|

Cathode

12-Febo7

SEE

O

I

o
o
oldt
)
o,

71549 JFo R FFEE A sl AFEsS wokth 7t
%‘fﬂ ZAo AFAY FFE(LH, 0-10 A, 0-15 V)= £3)
glo] 25 A(=50 mA/em?) ©] ARE s & A7F B2 3
%’8}‘5*1 102 AL R 552 &9 PsEs ST
HA, AfFEEel tidt G Lolny] $Jsle] 4z 0.5 M
o] et %oﬂ 1.0 L, 5&x0] 0.05 M2 3 84 1.0 LS
A T AFUEE 50, 75, 100, 125 mA/cm’E HIIA|A 71
A ANEAE ANEIEE e Aol A7)1FA g
A5 A0 AN FEE W] 2.7%10" coulomb
o] & uwj AFL FEIIrk 242 3.0%10° coulombritt H=

MXIE0IZE(SEM) &L 2 Agelxs Axd Brd o] 2wdt
we] HE A o] 2wt £X]8] HAVIEE ERlsh] $lete
SEM A #2-% 319+ 1 A3} Figure 3¢ YRt ok
Figure 32 o223k 722 k& dElste] Alxst 84 o2
ol b SEM AR O R Figure 3ol K= nje) o] mjEZ] A
Ulel| o]2w g 2|7} IR E o] A ¢har #ak 1A Eo] Q= As
FHEEE 4= 9ISt wEkA] o) AYEFE] A|2s B ol2w g
‘EM ol gkso] mE e o3| dA3] AslHA] k& AoE

= glom A o]udlse] 54& Fale] ol ARdF dA

]~_ 28 gholsk 2= 9loir).

grg 5. B4 o]2w il o]2uwdt 7] el mE
&S FAsI9E A9t Table 3¢ e} Qlck Table
3 Exrdut U9 ol2wdt 77 g g0 A viERd

O

Figure 3. SEM photographs of heterogeneous anion exchange membranes. (a) LDPE30, (b) LDPE40, (¢) LDPE50, (d)
LLDPE30, (e) LLDPE40, and (f) LLDPESO.
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Table 3. Swelling Ratio and Ion Exchange Capacity of PE
Heterogeneous Membrane

Properties Swelling Ion exchange
NO. ratio (%) capacity (meq/g)
LDPE30 18.5 0.38
LDPE40 22.4 0.51
LDPE50 27.7 0.81
LLDPE30 17.9 0.34
LLDPE40 21.7 0.58
LLDPE50 25.2 0.87
0.9
g 0.8+
§ [)
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g
5
& o6}
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Ton exchange resin content (wt%)

Figure 4. Plot of ion transport number and resin content for
heterogeneous anion exchange membranes.
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Figure 5. Plot of electrical resistivity and resin content for
heterogeneous anion exchange membranes.
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Figure 13. Plot of current efficiency and electric charge
supplied for LLDPES0.
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