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HHOBIENICET2MRICEINIE V. 22 TO L 13505Ch ORIFERBERK o 1Y 3 5328,
BIRAEICRIT 2 RS E L EAITH T 2 RIME S LTEREH 30 8L 163 (em'eq'h )& ML Xh
TWo, INEFEHELDMEPLFHIT 2 L. TRTh 336X10° 8LV 1.83X10° (em’N's") &
Y. ZOME Table 2 [Z5X 1T —F DHFAN L 2o TWVD, D&MD, BIFOA I35
I8 % AT BUBRHITIZ Z ORRE D/KB B AR & B OEREZIC Lo TR 5 Z & 3bh s,
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Table 1 Conversion of physicochemical quantities

Practical Fundamental
Current density, I/ A m2 I/ mA ecm™ x 107!
Salt (NaCl) transport rate, N/ g m™2h™1 Jy/molem2s1 % (1.625 x107°9)
Water transport rate, W/ g m2h] S8 em2s7l x (2.78 X 10‘8)
Electroosmotic coefficient, (W /) g Alpl B/ emd €71 x (2.78 X 10'4)
Diffusion coefficient, kg Dy /1 I': Membrane thickness
Osmotic coefficient, ke, LPRT Lp : Filtration coefficient

Table 2 Electroosmotic coefficients and osmotic coefficients

maker membrane B/ 103 cm3 ¢! Lp/ 108 em3N-1s7!
Asahi Glass Selemion CMV 0.97 2.67
0.95* 2.09*
Selemion AMV 0.81 1.92
1.85% 1.59%
Tokuyama Neosepta CIMS 0.62 3.39
Neosepta CL-25T 0.84%* 3.76*
Neosepta ACS-2 0.52°+* 3.63
Membrane I13) 1.40% %% 8.3 5%k

* experimental data, **calculated data from reference 6)
***values estimated for a pair of cation and anion exchange membranes
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Table 3  Salt producing data

TFC IAm? ACCh/gL'  NMNaClygm?h'  W(H0)gm?n' (MW)/gMNaCl)g(,0)  (N)/gNaCl) A'n!

252 299 99.7 494 2.662 0.186 1.653
220 299 94.3 501 2.580 0.194 1.675
19.5 309 92.7 523 2.593 0.202 1.691
18.0 288 100.2 482 2.356 0.204 1.672
178 297 99.9 495 2.462 0.201 1.666
16.8 285 101.1 482 2.346 0.206 1.693
16.6 284 102.2 473 2.322 0.204 1.665
162 277 959 463 2.258 0.205 1.673
158 318 93.4 539 2.610 0.207 1.695
13.7 308 98.9 517 2.451 0.211 1.677

T* Temperature, /: Current density, AC: Concentration difference, NV: Salt transport rate,

W: Water transport rate, N/ W: Brine concentration, N/I: Salt over current ratio
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Fig.2 Temperature dependence of several factors in electrodialysis.

a)Solvent (water) flux, b) Solute (salt) flux, c) Brine concentration, d) Electroosmotic coefficient.
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Fig.3 Current density dependence of several factors in electrodialysis.

a)Solvent (water) flux, b) Solute (salt) flux, c) Brine concentration, d) Electroosmotic coefficient.
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Fig.4 Relation between transport number of cation or anion

and brine concentration.
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Fig.5 Relation between electroosmotic coefficient and brine

concentration.
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Table4  The values required for saturated brine production

Parameters Normal brine (3.4~3.6 M) Saturated brine (5.5 M)
Electro-osmotic coefficient ( § X 10? cm’C") 0.6~1 <0.6
Water osmotic coefficient (L, X 10° cm’N''s™) 1.6~3.8 0.92
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Table 5 Characteristics of crystalline polystyrene membrane

stPS=5 / at PS=5 stPS=3 / at PS=7 K-101
water content (%) 66.5 64.2 244
ion exchange capacity (meq./dry g) 1.54 2.03 1.55
water permeability (g/h) 0.16 0.07 0.12
ionic conductivity (mS/cm) 26.9 73.1 59.4

8. 2 HRYIFLUBIIE~ADRYA A DIEHAH

ZHEORY =F L UIRITHR ) AF L U E2BHIAATANKR AL LIZIEA A ATHIE L 44k
SAEY D EER I B AFULRAF LU EBDIAATT 2 /L LIZRA AU 3T RIEIC SN T,
ERBORIRDEDKIEE Table 6 (TR T, KOBEEBIIHREICHESNT/IEL, GKREINEL
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—IZHT L7 (K-HOM, A-4VP) S{ERLTE T3,

Table 6 Characteristics of porous polyethyrene membrane
type ww (Wi%) | IEC (meq/g dry) | Cy(molL) | d(um) | L, (L/m*h MPa)
K-HTR1 3.5 0.28 7.9 50 N.A
K-HTR2 6.1 0.41 6.3 50 N.A
Cation K-HTR3 16 0.41 33 50 N.A
K-HTR4 27 0.67 1.9 50 N.A
Exchange
K-HOM1 6.7 0.62 3.6 50 N.A
Membrane
K-HOM2 15 1.5 8.5 50 0.34
K-HOM3 40 2.9. 4.2 50 5.8
K-501 30 1.5 5.5 170 -
A-4VP1 9 0.58 5.9 50 N.A
A-4VP2 11 0.71 5.6 50 0.13
Anion A-4VP3 22 0.77 2.7 50 0.89
Exchange A-CMS1 14 0.8 4.5 50 0.21
Membrane A-CMS2 12 0.67 4.9 50 0.15
A-CMS3 6 0.42 6.2 50 N.A
A501 26 1.4 5.4 140 -

w,, : water content, JEC: ion exchange capacity, Cy: fixed charge density,

d: thickness of membrane, L,: hydraulic permeability
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Summary
Highly concentration techniques of seawater are promising for developing highly efficient salt
production systems and lowering a salt production cost. Seawater is concentrated by about 5 times
using a present electrodialysis process. In principle, if a water transport can be reduced to one-half its
present value by employing the ion exchange membrane which carries low water permeability, a saturated
seawater should be obtained.

In view of designing a novel ion exchange membrane, the conventional membrane parameters
such as electroosmotic coefficient, § and filtration coefficient, L, were reamranged on the basis of
fundamental physicochemical units about the ion exchange membranes and summarized. On the other
hand, the salt producing data in electrodialysis were analyzed from basic physicochemical aspect and the
factors controlling the effective salt enrichment were investigated. It turned out that the electroosmotic
coefficients play an important role in electrodialysis and the value required for saturated brine
concentration was proposed that the 8 and L, were 0.6X 10% cm® C! and 0.92%10® cm® N 57,
respectively.

Novel ion exchange membranes based on a crystalline polystyrene and a porous polyethylene
embedded polyelectrolyte, polystyrene sulfonate or polyvinylpyridine, have been fabricated. These
non-bridged membranes gave low water permeability and high ionic conductivity and will be useful for the

highly concentration of seawater.
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