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The Concentration Distribution and Construction of the Cell Potential

in the Electrophoretic Concentration of Sodium Chloride which Utilizes

Ion Exchange Membranes

Hisashi Kisaki
Tadafumi Yano

The filter press type electrophoretic concentration cell was made for the purpose of finding a better
process of sea water concentration.

The unit cell has the thickness of 4.5mm, and the effective membrane area of 100em2. The above cells
assembled had very small leakage current. The membranes used in these studies were TCX-2P (cation
permselective, containes sulfonic acid groupe) and TAX-4C (anion permselective, contains quaternary
ammonium and tertiary amine groupes).

At first, the experiments were made to concentrate the 0.5N NaCl solution as the model solution of
sea water, and then 0.3N NaCl solution was used as the model of sea water diluted to some extent.
The data were obtained at stationary state. It was found that 0.5N NlaCl solution which had been
used as the model of sea water, was not so good a model from the every point of view in comparison
with the results obtained with the ordinary sea water.

Lastly, the elements of the cell potential such as membrane potential and ohmic voltage drop were
calculated. Other voltage drop which seemed to be due to the film resistance on the surface of ion
exchange membrane, had small value at the ordinary operative conditions, but the value became larger

when flow rates of original solution were exceedingly lowered, or high current density were applied.
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Table 1 Various conditions for calculation of concentration distribution

No. (A/cilm2) ((].:\?) (cc7r?1in) (m.mol/dEm2 «Iin.) (cc/dn:,2min.) C(Cf\?)c
1 2.0 0.50 8.7z 1.099 0.346 3.18
2 1.0 0.50 9.5¢ 0.548 0.213 2.57
3 1.5 0.30 7.44 0.857 0.283 3.01
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Table 2 The construction of voltage in unit cell at the various velocity of original

solution
0.5N NaCl solution
C.D. 10m,amp/cm?

(wd) 4 =9.40Q-cm? (wd)c = 4.0202-cm?

ve (cm/min.) Cann () Zwidi (R-ecm2) | Ewn (mv) Eobs (mv) | Vme (mv)
25.2 0.497 20.56 95 321 20
17.7 0.496 20.58 94 328 28
10.1 0.493 20.61 94 335 35
6.6 0.490 20.66 95 335 33
3.6 0.480 20.78 94 348 46
2.3 0.467 20.97 95 358 53
0.3N NaCl solution
C.D. 1Em.amp/cm?  (wd)s =11.750-cm? (wd)c= 5.830-cm?2
vo (cm/min.) Can () Swidi (2-cm?)| Eum (mv) | Eobs (mv) Vue (mv)
25.2 0.295 29.00 111 631 80
15.1 0.292 29.29 112 635 82
6.5 0.282 29.46 116 661 103
3.9 0.270 29.94 116 684 © 119
2.1 0.234 31.81 120 760 163
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Table 3 The construction of the voltage in unit cell at the various current density

0.EN NaCl solution

vo ; 40ce/min. cell (wd)a=9.400-cm2  (wd)c =4.050-cm?

@V @) (mv) @V (a-cm?)
C.D.(A/dm?) Caitem(N) 1/AZwids Em Vobs Ve R
0.5 0.408 102 67 182 13 22
1.0 0.494 206 80 292 6 21
1.5 0.491 310 87 413 16 21
2.0 0.488 414 94 517 9 21
2.5 0.484 518 98 648 32 22
3.0 0.481 624 101 892 167 26

0.3N NaCl solution

“vo ; 67cc/min. cell (wd)a =11.750-cm® (wd)c=5.830-cm?

(N) (mV) (mV) (mV) (mV) (Q-cm*)
C.D.(A/dm?)| Cairem I/AZwid; Em Vobs Ve R
0.5 0.298 143 83 268 42 37
1.0 0.297 289 98 435 66 36
1.5 0.294 436 106 678 136 38
2.0 0.293 582 112 965 271 43
2.5 0.291 728 115 1,375 532 50
3.0 0.289 877 117 2,184 1,190 69

REREED & < 1AL )L4.5mmOEEIZ AT BINC 3D T Nat+Kr OB % AEic B L TH
MOBEBEBREE L D TRV, WEEDEND BEHIRZOMERDCHEDLERATH D,

Table 4 The consumed electrical energy for electrophoretic concentration of sea

water under the various current density (25°C)

C.D. (A/dm?) |[(Na*t-FK+3/(TCI Monact Wornact Wpnac
0.5 0.748 0.257 109 146
1.0 0.763 0.554 171 221
1.5 0.777 0.821 266 343
2.0 0.791 1.072 353 451
2.5 0.792 1.353 439 554
3.0 0.796 1.576 568 714

Maxact ; Migration rate of total chlor (CI"+Br™), (m.eq./min+dm?)

Worracr ; Consumed energy when TCl regard as NaCl (kwh/ton TNaCl)

Wpxacr ; Consumed electrical energy when the quantity of Na*4-K* regard as
pure NaCl. (kwh/ton Pure NaCl)

¢ 10 )
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