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Q o B AFd X< Polysulfone (PSf), Polyetherimide (PENE 22t vl &S 2Elste] o188l L, Polyether ether ke-
tone (PEEK)S AE3sIch. g F ol2uuiAs HEMN2EWHPSE SPEEK (sulfonated PEEK)/APSf (aminated
PSf) % SPEEK/APEI (aminated PEI) Hlo|ZetuhS A xatqith 2H2te] o W& E4s}elal, ofwls} vl &l wpe} 2ol 44t
UEFHAZFS vHlastqitt. oflsl vl &o] Z7185 AotV EE T 5 B3 S7FeH T SPEEK/APSE 3 @ 1 9]
735 B4t Ao AolALMUEF w59 F SHALE 61.0 ppm, 220 min©] 1L, EA3}E 2] 7% 58.6 ppm, 570 min©]
T}, 3 SPEEK/APEI 3 : 1 ZollA 9A 43} A3 AoldAIUEF S5 247 60.1 ppm, 58.3 ppmo| 1, ¥ HAIZE
< 150 min®l| Al 440 min© 2 W4o] A FHEHUT webs T B4 2o YAl Fog 43S Ik AARdh

Abstract: In this study, Polysulfone (PSf) and polyetherimide (PEI) as the anion exchange polymers were aminated in
the different ratio whereas the polyether ether ketone (PEEK) as the cation exchange polymer was sulfonated. The bipolar
membranes of SPEEK (sulfonated PEEK)/APSf (aminated PSf) and SPEEK/APEI (aminated PEI) were prepared by the dou-
ble-casting method. The surfaces of bipolar membranes were fluorinated in accordance with the amination ratio and applied
to produce the hypochlorite. As the amination increased, the hypochlorite concentration is also increased. Typically, for
SPEEK/APSf 3 : 1 membrane, the produced hypochlorite concentration was 61.0 ppm and its durability was 220 min for
the non-fluorinated membrane while for the fluorinated membrane, the concentration of 58.6 ppm and its durability lasted
570 min. Also for SPEEK/APEI 3 : 1 membrane, the hypochlorite concentrations of 60.1 ppm and 58.3 ppm for before- and
after-fluorination, respectively were observed whereas the durability was remarkably developed from 150 min to 440 min.
Therefore, the surface fluorination takes an important role for the development of the membrane durability.

Keywords: hypochlorite production, bi-polar membrane, aminated polysulfone, surface fluorination, sulfonated poly
ether ether ketone
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Fig. 1. Non-membrane electrolyzer and membrane electrolyzer.
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| Polysulfone(PSf) | ‘ 1,2-Dichloroethane (DCE) | ‘ Polyetherimide(PEl) | ‘ 1,2-Dichloroethane (DCE) ‘
| \
« Tin(II) chloride (SnCly) « Tin(ID) chloride (SnCly)
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| Chloromethylated PSf ‘ | Dimethylacetamide (D MAc) HChIoromethyIated PEI | ‘ N.N-Dimethylformamide(DMF) ‘

+ Washing with methanol
» Drying for at least 1day at 70 °C

‘Ch\oromethylated psf |

+ Casting
« Drying for at least4hr at 60°C

|Aminated PSf membrane ‘

Fig. 2. Membrane preparation of APSf and APEI membranes.
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Fig. 3. Chemical structures of (a) PSf and (b) PEIL
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Polyether ether ketone (PEEK) ‘ ‘ Sulfuric acid ‘

« Stirring for 40hr at 35°C

' Sulfonated PEEK (SPEEK) |

» Washing with distilled water
+ Drying for at least 1day at 130 *C

| Dried SPEEK | N-methyl-2-pyrrolidone (NMP) |

« Stirring for 24hr at 25°C
+ Casting
« Drying for at least 1day at 130°C

SPEEK membrane

Fig. 4. Membrane preparation of SPEEK membrane.
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Table 1. Swelling Degree, IEC and Ion Conductivity of Pristine and Fluorinated APSf Membranes

Membranes Swelling degree (%) Ion exchange capacity (meq/g) Ion conductivity at 25°C (S/cm)
APST 1 : 1 6.4 1.0 0.005
APSf 2 : 1 19.6 1.4 0.027
APSf 3 : 1 25.8 2.0 0.034
TFr-APSE 1 : 1 4.9 1.0 0.004
F-APSf 2 : 1 13.6 1.3 0.021
F-APSf 3 : 1 18.4 1.7 0.029

"Pristine APSf membranes, ~ Surface fluorinated APSf membranes

Table 2. Swelling Degree, IEC and Ion Conductivity of Pristine and Fluorinated APEI Membranes

Membranes Swelling degree (%) Ion exchange capacity (meq/g) Ion conductivity at 25°C (S/cm)
"APEI 1 : 1 7.9 0.9 0.013
APEI 2 : 1 18.6 1.3 0.018
APEI 3 : 1 30.6 1.6 0.020
“F-APEI 1 : 1 5.08 0.7 0.012
F»-APEI 2 : 1 12.6 1.0 0.163
F»-APEI 3 : 1 22.7 1.2 0.186

"Pristine APEI membranes, “Surface fluorinated APEI membranes
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Table 3. Hypochlorite Production Using Pristine and Fluorinated SPEEK/APSf Bipolar Membranes at 5 mA/cm’

pH pH

Concentration of produced Experiment duration

Membranes at anode at cathode Voltage hypochlorites (ppm) (min)
"SPEEK/APSf 1 : 1 44 11.6 3 522 250
SPEEK/APSf 2 : 1 4.1 11.8 4 54.4 230
SPEEK/APSf 3 : 1 3.6 12.3 5 61.0 220

"F,-SPEEK/APSS 1 : 1 3.6 113 4 48.5 600
F>-SPEEK/APSf 2 : 1 3.5 11.6 5 50.1 580
F>-SPEEK/APSt 3 : 1 3.0 12.3 5 58.6 570

Pristine bi-polar membranes, Surface fluorinated bi-polar membranes

Table 4. Hypochlorite Production Using Pristine and Fluorinated SPEEK/APEI Bipolar Membranes at 5 mA/cm’

Membranes dmode  atohode VO e oy iy
'SPEEK/APEI 1 : 1 35 11.6 3 29.8 180
SPEEK/APEI 2 : 1 3.1 12.0 4 53.2 170
SPEEK/APEI 3 : 1 3.0 12.2 5 60.1 150

“F»-SPEEK/APEI 1 : 1 3.3 11.6 3 29.8 470
F>-SPEEK/APEI 2 : 1 3.1 11.7 4 50.5 460
F>-SPEEK/APEI 3 : 1 3.0 12.0 5 583 440

Pristine bi-polar membranes, Surface fluorinated bi-polar membranes
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E 5 mA/em’e 2 1A A AT
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