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Abstract: CEDI-BPM (Continuous Electrodeionization-Bipolar Membrane) has advantages due to high ion permse-
lectivity through ion exchange membranes and the production of H' and OH ions on the bipolar membrane surfaces for
regeneration of ion exchange resin during electrodeionization operation. In this study, hardness materials were removed by
the CEDI-BPM without scale formation and the ion exchange resins were electrically regenerated during the operation. The
adsorption characteristic of ion exchange resin surface, the influence of flow rate on the hardness removal and electric re-
generation were investigated in the study. The removal efficiency of Ca was higher than that of Mg in the CEDI-BPM,
which was related to the high adsorption capacity of Ca on the cation exchange resin. With increasing flow rate, the flux
of Ca and Mg was enhanced by the permselectivity of a cation exchange membrane. In the electric regeneration of
CEDI-BPM, it was shown that the regeneration efficiency was higher with a lower regeneration potential applied between
cathode and anode.
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Fig. 1. CEDI-BPM stack consisting of separated cation- and anion-exchange resin beds (CEM: Cation-exchange membrane,
BPM: Bipolar membrane, AEM: Anion-exchange membrane).
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Table 1. Chemical and Physical Characteristics of Ion
Exchange Resins [12]

Amberlite Amberlite
IR 120 Na' IRA 402 CI
Matrix Styrene DVB Styrene DVB
copolymer copolymer
Functional Group -SOy -N'(CHs)3
Ionic form as shipped Na' Ccr
Total change capacity 22.0 eq/L 213 eq/lL

Pale yellow

Amber beads translucent beads

Physical form

Size 600~800 pm 600~750 um
Table 2. Properties of Feed Solution
Property Amount
Conductivity (uS/cm) 673
pH 7.2
Mg (mg/L) 3.9
Ca (mg/L) 23.7
Total hardness (mg/L as CaCO;) 753
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Fig. 2. Adsorption isotherm of Ca and Mg on the cation
exchange resin (Amberlite IR 120Na’).
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Fig. 3. Freundlich isotherm of Ca (a) and Mg (b).

Table 3. Parameters of Freundlich Isotherm for the
Adsorption on the Cation Exchange Resin (Amberlite IR
120 Na")

Sorption constant, Intensity constant Correlation

Kr (mg/g) of adsorbent, n  coefficient
Ca 3.77 0.87 0.965
Mg 1.19 0.95 0.939
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Fig. 4. Change of the conductivity and the pH value in
the CEDI-BPM (Flow rate: 300 mL/min, potential: 10 V).
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Fig. 5. Removal efficiency of Ca and Mg in the CEDI-
BPM (Flow rate: 300 mL/min, potential : 10 V).
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Fig. 6. Influence of flow rate on the hardness removal ef-
ficiency in the CEDI-BPM.

Table 4. Influence of the Flow Rate on the Hardness
Removal in the CEDI-BPM

Feed flow Linear

Initial hardness Treated volume (L)

rate velocity removal efficiency hardness removal
(mL/min) (cm/sec) (%) within 5 min efficiency of 90%

100 0.18 97.1 82

200 0.36 99.3 87

300 0.54 98.1 67

400 0.72 99.8 48
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Table 5. Influence of Flow Rate on the Process Perfor-
mance of the CEDI-BPM

Flow rate Power consumption Flux (mol/m’ hr)

(mL/min) (kWh) Ca Mg
100 0.123 0.15 0.04
200 0.033 0.32 0.08
300 0.027 0.52 0.14
400 0.008 0.65 0.17
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Fig. 8. Influence of potential in the electric regeneration
efficiency of the CEDI-BPM ((a) Ca and (b) Mg).
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Table 6. Influence of the Regeneration Potential on Re-
moval Efficiency of the CEDI-BPM

Regeneration Conductivity Hardness removal
potential  removal efficiency efficiency (%)
\%) %) Ca Mg
10 74 88.10 65.92
15 ' 56 85.51 5545
20 55 77.34 58.13
25 42 65.60 46.77
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