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Abstract: In this study, we sought to verify the applicability of anion exchange membrane water electrolysis system us-
ing FAA-3-50, Neosepta-ASE, Sustainion grade T, and Fujifilm type 10, which are commercial anion exchange membranes.
The morphology of the commercial membranes and the elements on the surface were analyzed using SEM/EDX to confirm
the distribution of functional groups included in the commercial membranes. In addition, mechanical strength and decom-
position temperature were measured using UTM and TGA to check whether the driving conditions of the water electrolyte
were satisfied. The ion exchange capacity and ion conductivity were measured to understand the performance of anion ex-
change membranes, and the alkaline resistance of each commercial membrane was checked and durability test was per-
formed because they were driven in an alkaline environment. Finally, a membrane-electrode assembly was manufactured and
a water electrolysis single cell test was performed to confirm cell performance at 60°C, 70°C, and 80°C. The long-term cell
test was measured 20 cycles at other temperatures to compare water electrolysis performance.
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Table 1. Characteristics of Commercial Anion Exchange Membranes (AEMs)

Membrane Membrane type Reinforcement Functional group Th(iftlr(nn;: s Ref.
FAA-3-50 polyphenylene oxide None Quaternary ammonium 50 [39]
ly(styrene-divinylben Mixture of
Neosepta-ASE poly(sty Z i )V yibe polyethylene and Quaternary ammonium 150 [40]
ene polypropylene
.. Poly(4-vinylbenzyl .
SustainionX37-50 T ) PTFE 1,2,4,5-tetramethylimidazole 50 [41]
chloride-co-styrene)

Fuyjifilm type 10 Aliphatic Polyamide Polyolefin Quaternary ammonium 125 [42]
& o] &3at7] W Anle £F3I} rhssi 7]1El Fujifilm Manufacturing Europe B.V., Netherlands)< A}
Y FAe e e Audes g sole uew 83t Table 1 8522 L&A F4, 43
< o) &8l AFoA APHE sk Ao A Y 2 28719 AEel FAE UEHT FAA-3-502 =
< U% ZRHoR S Y & AFEEE ¢ Fumatechol| A A4tshe 5ol wgwtoz tE A
&t TS 7] WEo A e} o] Fat e Hn Aoz A /M43 dsom st
HEo] s dUAE ol&shrd FEsittal dEA A Fole weY FRsfl AHEEIL e e <
ATH37,38] Zholt}, FAA-3-50-8 50 wlo] A2 n €] 9] T”ﬂﬁ‘ 7HA
2 AT Yo 22 AJesE 182a g polyphenylene oxide F3fol o|2nSFOE 42} U=
gto] EAfshs fol2 ne Fs ol g dA o e o83 AEA UTH39). FAA mgheke] A-¢
FHor ALrbsd LA o] EAEA e aeoAe o]2HrRet dze] yTgel tiE ZA
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th Fol udY FHsfA 9 &8 TS elst
7] 98l Fgute] mE22 B4 g dF, 748 &
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Dioxide materials, USA), Fuyjifilm type 10 (Fuyjifilm,

mugel A 32 B A6 3, 2022
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Membrane

Bipolar plate

Gas diffusion layer '/
Catalyst

Fig. 2. Schematic diagram of membrane electrode assem-
bly for AEMWE.
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Fig. 3. Schematic diagram of water electrolysis cell testing apparatus.

FAA-3-50 Neosepta-ASE

Sustainion grade T Fujifilm

Fig. 4. Photographs of various commercial AEMs. (a) FAA-3-50, (b) Neosepta-ASE, (c) Sustianion grade T and (d) Fuyjifilm.
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Fig. 5. EDX mapping and spectra of commercial AEMs. (a) FAA-3-50, (b) Neosepta-ASE, (c) Sustainion grade T and (d)
Fuyjifilm.
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Fig. 7. Mechanical properties of various commercial AEMs. (a) FAA-3-50, (b) Neosepta-ASE, (c) Sustainion grade T and (d)
Fuyjifilm.
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Table 2. Physical Properties of Commercial AEM Membranes; IEC, Swelling Ratio and Water Uptake

IEC Swelling ratio (%) Water
Membrane Uptake
(meq/g) Al At (%)
FAA-3-50 224 £ 0.25 4.66 13.85 51.72
Neosepta-ASE 2.57 = 0.07 4.86 8.15 38.06
Sustainion grade T 4.56 + 0.03 1.54 41.50 72.55
Fujifilm type 10 2.76 + 0.12 5.31 11.59 41.12
FEALS] FH7) polystyrene &2 o] Fo A Qo] A= o] #T50,51]. 4-47] AAHE B3 SAHE ol
Fefell A ZIAA B0l $skA] Fall A A= 31832 Sustainion®] 4.56 meq/glE 7 L& o]
BAE 7 ok O%7] wiEel AT AFEE WS Ytk o] Sustainion’} X33t 2HE-
2330E ) g2 4gutEo) v AL =T} A = 717} gakslol s T A8 ET fA nEd & 3l
AE A 47FA] & 2% 3 MPa ©)d9 A= o= 2L YeRdth o802 Fujifilm©] 2.76 meg/g,
£ Ueili= As 29T 5 A A A 7t ASE7} 2.57 meq/g, FAA-3-50°] 2.24 meq/gC.Z 47}X]
F2AA FEH7] wiel 7gEAdAY A= det F M @ ol g S-S Yeith 4714
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Table 3. Alkaline Stability of Commercial AEM Membranes with Ion Conductivity and Thickness Changes

Ion conductivity (mS/cm)

Thickness (um) 200h Remained

Swelling ratio

Membrane 5500 20°C 60°C 20°C dary 200 & At (%) ion CO?)ZI)J.CtIVIty
FAA-3-50 39.2 50.2 69.1 84.7 49 81 65.3 77.9
Neosepta-ASE 18.6 22.4 39.8 48.5 140 159 13.6 86.5
Sustainion grade T 45.4 60.5 90.3 109.4 52 91 75 74.9
Fujifilm type 10 27.1 35.2 49.4 62.9 126 157 24.6 84.1
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Fig. 9. lon conductivity and alkaline stability of various commercials AEMs. (a) ion conductivity at different temperatures and

(b) remained ion conductivity for 200 h at 80°C.
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Fig. 10. Water electrolysis cell performance of various commercial AEMs with different temperatures. (a) 60°C, (b)
70°C and (c) 80°C.

Table 4. Anion Exchange Membrane Electrolysis Cell Performance of Commercial AEM Membranes

Membrane Current Density (mA/cmz) at 1.8 V
60°C 70°C 80°C
FAA-3-50 404 469 517
Neosepta-ASE 224 248 298
Sustainion grade T 634 760 932
Fujifilm type 10 308 330 412
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Fig. 11. AEM water electrolysis cell cycle tests of various commercial AEMs at different temperatures. (a) FAA-3-50,
(b) Neosepta-ASE, (¢) Sustainion grade T and (d) Fujifilm.
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