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Abstract — In this study, heterogeneous ion exchange membranes were prepared by casting method with various mix-
ing ratios of PPO ion-selective solution and ion exchange resin. Then heterogeneous bipolar membranes were prepared
by using this. The water content of heterogeneous cation and anion exchange membranes were 60~80% respectively, the
ion exchange capacity was 2.81~3.26 meq/g, 2.31~2.74 meq/g and electrical resistances were 1.65~1.45 Q-cm? and 1.55
~1.05 Q-cm?. The tensile strength of heterogeneous bipolar membrane was lower than that of PPO resin before func-
tionalization (700 Kgy/cm?). The tensile strength of heterogeneous bipolar membrane with catalyst layer was lower than
that of non-catalytic heterogeneous bipolar membrane. The water splitting voltage of the heterogeneous bipolar mem-
brane with catalyst layer was low and stable at a minimum of 1.7~1.8 V, maximum 3.9~4.0 V, and the water splitting
voltage of the non-catalytic heterogeneous bipolar membrane was constant at 3.8~4.0 V.

Key words: Heterogeneous cation exchange membrane, Heterogeneous anion exchange membrane, Heterogeneous
bipolar membrane, PPO, Ion exchanger resin
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Table 1. Physicochemical properties of TRILITE CMP-16 and TRILITE AMP-16 ion exchange resins (Samyang Co.Ltd, lon HI-TECH)

Functional group

Ionic form  Particle size (mm) Total capacity (eq/L) Operating pH range

Maximum swelling (%) Moisture retention (%)

Sulfonate Na* 0.3~1.2 <1.75 0~14 8.0 46~52
Trimethyl ammonium Cr 0.3~1.2 <1.2 0~14 23.0 49~55
Table 2. Characteristics of APPO and SPPO polyelectrolyte

Type LE.C* (meg/g) Electric resistance (Q-cm?) Water uptake (%)
SPPO 1.30 3.5~45 25~30
APPO 1.44 2.0~2.5 20~25

*L.E.C : Ion exchange capacity
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Table 3. Preparation conditions of heterogeneous bipolar membrane
Batch No. PPO (wt%) LE.R* (wt%) FeCl;(g) Drying Time (min.) Drying Temperature (°C)
HPM-1 50 50 0.5 180 80~100
HPM-2 40 60 0.5 180 80~100
HPM-3 30 70 0.5 180 80~100
HPM-4 50 50 0 180 80~100
HPM-5 40 60 0 180 80~100
HPM-6 30 70 0 180 80~100

*L.E.R : Ion exchange resin
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Fig. 1. Apparatus of water splitting for bipolar heterogeneous mem-
branes.
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Table 4. Characteristics of heterogeneous ion exchange membranes based on 1.LE.R and PPO ratio

Batch No. Type PPO (wt%) LE.R (wt%) W.U (%) L.E.C (meq/g) ER (Qcm?) Thickness (im)
HCEM*-1 Cation 50 50 70.00 2.81 1.65 170
HCEM-2 Cation 40 60 72.40 3.09 1.60 120
HCEM-3 Cation 30 70 78.89 3.26 1.45 170
HAEM*-1 Anion 50 50 62.40 231 1.55 140
HAEM-2 Anion 40 60 65.85 2.67 1.15 110
HAEM-3 Anion 30 70 69.69 2.74 1.05 160
*HCEM : Heterogeneous cation exchange membrane
*HAEM : Heterogeneous anion exchange membrane
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Fig. 7. Photos of bipolar heterogeneous membranes.
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Fig. 10. Water splitting performance of non-catalyst HBM.
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