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Abstract—An experimental formula is proposed and the calculated ion removal efficiencies have been compared
with experimentally measured ones with variation of current density and input flow rate.

The copper ion flux has been found to be proportional to the copper ion concentration in feed. The copper ion flux
without diffusion and convection has been found to be linearly proportional to the current density.

When the input flow rate was 2.3 m//min and the current density was 285.7 A/m? in the continuous system, the
removal efficiencies of copper ion and sulfuric acid were 65% and 70% respectively.

Current efficiency of sulfuric acid showed the highest value in the flow rate of 15.0 m//min and the current of 0.3A,

in the experimental range of 3.1-15.0 m//min for the flow rate and of 0.3-1.2A for the current.
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process.
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Fig. 2. Batch experimental apparatus for elec-
trodialysis.
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Fig. 3. Schematic flow diagram of experimental
apparatus for electrodialysis.

Table 1. Geometry and operating conditions of
experimental apparatus.

1. Geometrical dimension of experimental apparatus

a. Reactor
Height :20 cm
Width :14 cm
Thickness :9.5cm
b. Electrode
Height 16 cm
Width :5¢cm
Thickness :1 mm

¢. Distance between membranes: 3.5 cm

2. Operating conditions

Acidity : 0.2N
Conc. of feed :31.3-252.3 mg/!
Temp. :30°Cx 1°C

:71.41-258.71 A/m?
:2.3-15 m//min
:250 m/

Current density
Flow rate of feed
Desalting chamber Vol.
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Table 2. Physical properties of ion-exchange
membranes,

Anion-exchange Cation-exchange

membrane membrane

Commercial name Selemion AMV  Selemion CMV
Thickness, cm 1.3 x 102 1.3 x 102
Ion-exchange 7.7 x 104 2.0 x10-3

capacity equiv./g-

dry-membrane
Transport number > 0.9 forCl1- > 0.91for H*
Weight of dry . 1.3 x 10-2 1.4 x 102

membrane, g/
cm?membrane
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Fig. 4. Change of Cu®* concentration with time
in batch system using 0.2N H,SO, at
30°C.
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Table 3. The current efficiency of the H2SO4 in

feed.
Flowrate  Current  Output H,S0,
(m//min) (A) H2SO4 current efficiency
(N) (%)

0.3 0.1523 31.29

0.6 0.1212 25.24

2.30 0.9 0.0895 23.23
1.2 0.0568 22.71

0.3 0.1659 70.03

7.04 0.6 0.1506 49.42

’ 0.9 0.1375 41.20

1.2 0.1249 36.87

0.3 0.1812 69.17

0.6 0.1746 44 .96

11.82 0.9 0.1663 38.73
1.2 0.1583 35.45

0.3 0.1843 75.42

15.0 0.6 0.1778 50.72
0.9 0.1720 41.72

1.2 0.1634 39.91




A7 FAAGollq 9] Fe| 3 B4 o] Fel AF AT 417

100
= H2S04: 0.2N O: 3.1ml/min
S5 I: 214.29A/m2 A: 7.2m!/min
N 80t  Temp.: 30°C ®: 11.0m!/min
© A 15.0ml/min
&

60t
3 o 5 -
Nt
[«
>
Q
g 40
5
& N A N
[} S —_—
g 20

a 3
g D 2 " s
L5
~
0 100 200 300

Conc. of Cu?* (mg/)

Fig. 11. Removal efficiency of Cu®* versus Cu®*
concentration at constant current densi-

3 x| godo] HE
384 Ago 2 i 73 Fejol& Fluxol 3 &

L2
X
b

e
(53

4

lut

k,=4.485%10"* (m*/sv - )
k,=1.44%x107"* (m/s)

ol 248 ol Felo]l Fluxel s A&4le 4 (11)
off ehglated chg-o] Fejol AMALEE Agirh,

- Cm_ Coul
Tcu Cuwm

(&) @.a85 10 1414410

+(-8— (4.485% 101 +1.44X 10

S1418 plotshe] ol Zdatel Adloll4] o1& ArE v
kel Fig, 120 viehiadel, 219 Fig. 120141 4A

Al akab Al ghellM A Ak 10, 5%l

100
g 0: 2.3mifmin 0.2N HzS04
80 A: 7.0m!/min Cu2+ 178.6 (mg/))
3 ®: 11.8m//min
£ 15.0m!/min

60 L Experimental ——
Calculated -----

40

201

Removal efficiency, of Cu2+,

0 100 200 300
Current density, I{A/m?2)

Fig. 12. Removal efficiency of Cu®* versus cur-
rent density in desalting chamber of con-
tinuous operation.

5. 2 &
A7 FAel o3 o] o g4k ol T o
2 AEE ¥

Agol 4] Felo] & Fluxs oAzl A3
= (k,I+k,) ColAl ky, ky &2 247 k=

4, 485X 10-¢ <r3v ) k,=1. 44 X 10-%(m/s) 1317

AYTuiel AA Flux 3ol 98] Nernst-Planck
Eqn, o2& F-E 73 ofo|-& malutol4]ef o] o
Exl 6,5%X107%~8, 82X 1078 (m?/sv)H Y2 ER

(4.485X107°1+1.44x10°°)

) (4.485X 10-°*1+1.44 X 10-%)

. =

N %“P" FEE 1‘*0}# Feedoll 4] 3‘“&91 L%Er
Wl 23~75% °lsier §<% 15.0m//min,
AollA 75, 4%¢] & AFEES A

W-\o

-

T

HWAHAK KONGHAK Vol. 26, No. 4, August 1988



418 3 &

NOMENCLATURE

: concentration of species, mg//

. input concentration of Cu®* ion, mg//

: output concentration of Cu®* ion, mg/!

: diffusion coefficient of species, m?/s

. Faraday constant, Coulomb/equiv.

: current density, Alm?

: current, Ampere

- flux of Cu®* ion, mg/m’s

- flux of Cu®* ion without diffusion and convec-
tion influence, mgfmzs

- flux of Cu®* ion without current, mg/m’s

: specific conductivity of cation exchange mem-
brane, A/Vm

: number of membranes,

. input flow rate, m{//min

- ion mobility, m?*/sv

: desalting chamber volume, m/

. solution velocity in desalting chamber, m/s

: valence of ion,

leNeNe!
gls =

mo

e G 7t

LAl

3

Ne <Oz

Greek Letters

& . thickness of cation exchange membrane, mm
n. : current efficiency, %

c,2* - Cu®* ion removal efficiency, %

¢ : potential, Volt

A¢ : potential gradient, V/mm
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