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ABSTRACT

The electrocatalytic properties of heteropolyacids(HPAs) entrapped in covalently cross-linked
sulfonated polyetheretherketone(CL-SPEEK/HPA) membranes have been studied for water electrolysis. The
HPAs, including tungstophosphoric acid(TPA), molybdophosphoric acid(MoPA), and tungstosilicic acid(TSiA)
were used as additives in the composite membranes. The MEA was prepared by a non-equilibrium impreg-
nation-reduction(I-R) method, using reducing agent, sodium borohydride(NaBH4) and tetraamineplatinum
(II) chloride(Pt(NH;)4Cl>). The electrocatalytic properties of composite membranes such as the cell voltage
were in the order of magnitude CL-SPEEK/MoPA40 (wt%) > /TPA30 > /TSiA40. In the optimum cell
applications for water electrolysis, the cell voltage of Pt/PEM/Pt-Ru MEA with CL-SPEEK/TPA30 membrane
was 1.75 V at 80°C and 1 A/cm” and this voltage carried lower than that of 1.81 V of Nafion 117. Conse-
quently, in regards of electrochemical and mechanical characteristics and oxidation durability, the newly
developed CL-SPEEK/TPA30 composite membrane exhibited a better performance than the others, but CL-
SPEEK/MoPA40 showed the best electrocatalytic activity (1.71 V at 80C and 1 Alem’) among the composite
membranes.

KEY WORDS : Electrocatalytic heteropolyacids(3l 8l 2 Ze]4te] 7|88 4 Zujzkg), Covalently
cross-linked sulfonated polyetheretherketone(CL-SPEEK, &-7}il- &3} Zgjo8=
Al 27 E), MEA(Y A= A, Electrochemical surface areas(ESA, #17]3}3t%
A FHA), Cell voltage(Z 29
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(a) Surface

(b) Cross section

Fig. 1 SEM image of the surface and the cross section of Pt/
PEM/Pt-Ru electrocatalysts prepared by nonequilibrium I-R
method.
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Fig. 2 EDX pattern of Pt (a) and Ru (b) electrocatalyst; Pt
(NH;)4Clo: 5SmM, RuCl3: 10mM, NaBH4: 0.8M, reduction time:
90min, loading time: 40min.
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Fig. 3 Cyclic voltammograms of PtYPEM/Pt-Ru electrocatalysts
prepared by nonequilibrium I-R method; geometrical area: 1.0
cm’, scanrate : 10 mV/s.
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Table 1 Amount of Pt loading, electricity, ESA and roughness
factor of PUPEM electrocatalysts prepared by nonequilibrium
I-R method

Pt loading | Electricity ESA Roughness
PEM 1 mgfem?] | [mClem®] | [m2/g) factor
& [cmz-Pt/cmz]
Nafion 117| 121 138.9 2248 272.05
SPEEK/TP
30 1.01 718 10.11 102.19
CL-SPEEK
TPA3 131 1575 2346 307.33
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Fig. 4 Cell voltage-current density relations of Pt/CL-SPEEK,
TPA/Pt-Ru; RuCls: 10 mM, reduction time: 90 min, 80C.
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Fig. 5 Cell voltage-current density relations of Pt/CL-SPEEK,
MoPA/Pt-Ru; RuCls: 10 mM, reduction time: 90 min, 80C.
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Fig. 6 Cell voltage-current density relations of Pt/CL-SPEEK,
TSiA/Pt-Ru; RuCls: 10 mM, reduction time: 90 min, 80C.
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Table 2 Cell voltage and voltage efficiencies of Pt/Nafion/Pt,
Pt/CL-SPEEK-HPA/Pt-Ru composite electrodes at optimum
conditions for water electrolysis

Electrocatalyst | Cell Voltage | Voltage
MEA loadings [V], at efficiency

[mg/em’] 1A/em’ [%]

Pt/Nafion/Pt 1.31 1.85 80.5
PY/CL-SPEEK-T

PA30/Pt-Ru 1.40 1.75 84.8
P/CL-SPEEK-M

oPA4O/PLRY 1.40 1.71 86.7
Pt/CL-SPEEK-T

SiA30/Pt-Ru 1.24 1.83 80.9
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