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ABSTRACT

Solid polymer electrolyte(SPE) membrane with clectrodes embedded on both faces offer unique
possibilities for the electrochemical cells like water electrolyzer with fuel cell. The Nafion 117 membrane
was used as the SPE, and Pt(NH;),Cl, and NaBH, as the electrocatalysts and reducing agent, respectively.
The ‘impregnation-reduction(I-R) method’ has been investigated as a tool for the preparation of
electrocatalysts for water electrolyzer by varying the concentration of reducing agent and reduction time
at fixed concentration of platinum salt, 5 mmol/L. Pt-SPE electrocatalysts prepared by non-equilibrium I-R
method showed the lowest cell voltage of 2.17 V at reduction time, 90 min and with concentration of
reducing agent 0.8 mol/L and the cell voltage with those by equilibrium I-R method was 2.42 V at
reduction time, 60 min and with concentration of reducing agent 0.8 mol/L. The cell voltage were
obtained at a current density 1 A/em® and 80°C. In water electrolysis, hydrogen production efficiency by
Pt-SPE electrocatalyst is 68.2% in case of non-equilibrium I-R method and 61.2% at equilibrium I-R
method.

KEY WORDS : water electrolysis(® A 7]%3l), impregnation-reduction method(¥3]-2UR),
Pt-SPE electrocatalyst(Pt-SPE = 2 v}), equlllbrlum I-R method(3 & -4,
non equilibrium I-R method(¥ 838 3-3YH), cell voltage(Z3 )
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Fig. 1 The system used to prepare SPE electrocatalyst
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Fig. 2 SEM images of the surface of Pt-SPE electrocatalysts
vs. reduction time prepared by the I-R method: (a) equilibrium
I-R method, (b) non equilibrium I-R method.
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Pt-SPE electrocatalysts

Cmnink, [ONNL 4OY A1l 47 KNlaA A AAD



0!
o
|
_'E
{0
103
10
Hy
=
by
i

=
o

= =
%) ES
N 1

=
o

Pt loading [mg/cm?]
o o
q) o

o
S

—— EquilbriumiR
—O— Nonequilbriumi-R

8

o
=)

Reduction time [rvin]

Fig. 5 Variation of Pt loading with respect to reduction time
BBy [RYPOR Az A2 Ao
Hol| WFo] Fert A4 EXHA o= %
B3 ¥ RS 540] 2 vehvs 2ot

Fig. 55 %3 A% 5% 5 mmol, 394 5=
05 mol/LellA &AL Wslo)] utg BY [-RY
W3 vgd FRYEOE A2 A3 W o
A HWgE Yo

Y FRYHE Az d=2 #Fd7to] 10,
DEOE FHE Afol FAE Hae &2 02~05
mg/em’ 0.2 A& o] FAH Yo} 6074 ]
A gL 0879 mg/em’2 BAE WF
M-S £ 5 AT ol ¥4
e UgEe] Az 488 42
EME4 2} o] GAFE A2

2
%

ot o
we B

2o
3

iy do rlo oft ol
ox —

i3 do
gl-;ng“, w2 o ol
&

o
T
ol
il
|o
ut
N
BN
=
2
A
rlo
N,
>,

8o
gh
3
N
rlo
o
o
=2
e
=
ay
~

o
=
[e3
aand
>
= o uf

=
o0
S
&7
o
8, o,
3 3
PNrﬁoﬂoxliuu

|.‘ﬁ‘_|}1_‘ﬂu_‘u:

— JE
o W
o
T“ﬂ
o
%
2

¢

poh > ofh O pf O A

it
¥
o
ot
N
it

444

HollE Pt-SPE

St=24= A

H3Z0 S4

(O B

a N -
[\ » o
) A 1

Pt loading [mg/cm?]
b

08+
06 -
04 1 —&— EquilbriumiR
—0— NonequitbriumR
02 T T T T
02 04 06 08 10 12

Reducing agent concentration [M

Fig. 6 Variation of Pt loading with respect to reducing agent
concentration

Polr7] fistel, WF Al ¥% 5 mmol/L

ot
o
>
=
tlo
8
)i
|o
it
=
ox
o
pats

F3hE ASAA 9T Aol
w3y, W% CRYECR Azd
@9 FEh 2e ol BUAle T3zl
A1 SREEE sob BF gxPol HUAR
A S5 SH) U FASS T4 &
EE F7bstel 82 WAl 37492 Beth 3
B 08 molL 4N BY LR 2o)
B TGS FAREwo} oS Fhee] o
JRolARE B2 A48 FAHA o) T
Aol wgol JHEoE AsfHe] FAFo) i
e A%E marh 294 08 mo/LE AZY

ol AlpIATISES =2 Z [M173 H4S 2008 122



3.5

3.0 4
5 25
(]
g
= 20
S
S
®
O 15
1.0 4 —— 60min
—< - 90min
—a— 120min
05 T T T T T T
0.0 0.2 04 06 08 10 1.2 14 16
Current density [A/cm?]
(a) Equilibrium I-R method
25
S 20
£
°
>
®
o
154

0.0

Current density [Alcm?)

(b) Non-equilibrium I-R method

Fig. 7 Cell voltage-current density relation with reduction time
(80C, Pt solution ; 5 mmol/L, NaBH; ; 0.8 mol/L)

MEAA AFUE mE U W
o AP Astolch. BAAITI0] o]

kel F7HEol BAW AFLEI F7heo|

Trans. of the Korean Hydrogen and New Energy Society (2006.12), Vol. 17, No. 4

. B2 A
AHO - BUX - Yoks
35 —
3.0 1
254
® 20+
£
[=3
2 151
©
[&]
1.0
—o— 0.3M
05 4 - 0.5M
—a— 0.8M
= 1.0M
0.0 T T T T T T T
0.0 0.2 04 a6 0.8 1.0 1.2 1.4 16
Current density [Alcm?]
(a) Equilibrium I-R method
25
E 2.0 4
@
o
S
S
K
O 154
—o— 0.3M
7 0.5M
—a— 0.8M
= 1.0M
1.0 . T T . T T T
0.0 0.2 04 0.6 0.8 1.0 1.2 14 1.6

Current density [A/cm?]
(b) Non-equilibrium I-R method

Fig. 8 Cell voltage-current density relation with reducing
agent concentration (80°C, Pt solution; 5 mmol/L, reduction
time; (a) 60 min, (b) 90 min)

ZAYLE AT e S B 5 YA o 2
e AFEEL 2w B Ad7jRs 27t e
AREE Fad] Fol S/ HER Thed
e AFEEAN & 7188 HEE ke A
freldte A 2o e Aot ¥ -RY

oA AZF AFE LA 60N A
1 Alemt®, 80COA 2572 vio, H|HE
Ho g Azxd A5L AL NN AF
%1 Alem’, 80CAIA 242 VE gk a2zt &
A Azbe] Frkshd 2% %M ol =t 1 o]
= B&AEA A EHAA wFo] & AV E)}

S
m !
mE oL b oE O Hf

L

445



BE-BAYOR HZEE LHHEB P-SPE B2S0HY S4

dolue ¢

ol B} dold ARREE B
A ol 4L dog Aoz ArEth o4
o] Atz Ry HY [[RYEL 608, w43 R

Hl o

g3t Hol I BT 2EE T A
o g 2AFe] W2 #e

digez v @A FE 03% 05 mol/L
o Aee F Uy 25 99 SEMEY R eXF
o Aztet o] FUA FEIE wol FAEETH
goix7] wgel WFdAte] g4 sl
dgstx] Rt =

I

X

L

o

2

£

i

et

Hl’( r 30 .li‘N
lo du i 2
A e o o
M Moo ol
2 o

§2 oo
x0,

qu e X

Me 9g BAH
7] wEel A7)
A FAHAD AAE
L 990z Ao
Pt-SPE A=Z&ul= 44 0.8 mol/LA 713
e 2AGS Yyehilon 33 [-RYHE 8
A7 60RO M Az HFo] AFLE 1 Alemd’,
80CollA 242 Veom, vsEy [-[RYHCE 34
A PEANA AlzE A5 217 VE BT o
714 B8 [-REME R A2E AZRTE vH3
[[RIgoz Az A9 245 Bl =%
H o] o Wi wFo] @25 H IR
Bohe Ad oz w o W3 xS
A A9 vEY Ry g

7] Wl

Ae rlo
ey
N

N T

m e

d

r
Mo 2 o8

oz

do o

!
z
0.

[ % rlr ot

B |G

ol
i)

N
s
o

1.2 E

oA oEA As)AZA Nafion 117 & oj&

o

446

ERN

3] B A2 E A 98 A58 4% I-RY
EE R
A s=S

=
ot
=
Lok
o
M
1%
(b3
K

5,

o
0
=]
o
o,
o

5
=2

ARE 0F 44 Gete o
Qrrge] A2 WPslo] glol Ay
27 34597 A
Edo] WF YaEol

bu = ¢

o o JT o

z & =

of
of oz o

T 2
o rlf
o 0y
)
ox, =3 rd ol

fr 4
)
ki
i
X

&
& 1E i o
ol 9

lo
oft
N,
offl
rlo
ot
o
LN
~
o
i)
2
)
r
S
=

o
Ik
ofN
N
QL
04y g;&
kd
g
-
i
1
N
)
i
iy
LI

N
-
O]
o
N
-
e
W

o o i olN

et

T fg
8
Qo

3) e 394 FE 0.8 mol/L, ¥

o) 222 150 mg/cm’olY L A
1 AlemPol A 242 Vol ow, v])#
394 5% 08 mol/L, & Azt
P9 F 121 mg/embolgn AzA
e’ A 217 V2 4438 o) A%
zo) Qe WY LRI S5EE

>
2
A
e

]

N ofh o rH

N
o

oh}_

;
o
oZ
& 8 o

Ty
flo Mz
—_ e

et
e

2 Il

2 d7e B3R 21C ZEH “1EE F
& Az - olg - AT AT ARARTY A
s s om, ool ZAEHYT

#uU1&Ed

1) W. Vielstich, A. Lamm and H. A. Gasteriger,
“Handbook of Fuel Cells; Fundamentals
Tehnology and Applications”, Vol. 2, John
Wiley & Sons, Ltd: West Sussex, 2003.

2) A. B. Goldberg, L. 1. Kheifets, A. G. Vaganov,
S. G. Ogryz ko-Zhukovxkay and A. V. Shabalin,

2 AUAXIE S =2& 173 M45 20064 128



1=

T - HOY - U8 -

“A hydrodynamic model for water decomposition

in electrolyzers with a solid polymer
electrolyte”, J. Appl. Electrochem, Vol. 22, No.
12, 1992, pp. 1147-1154.

3) S. P. Jean and A. A. Wragg, “Behaviour of
electrogenerated hydrogen and oxygen bubbles
in narrow gap cells; Part 1. Experimental”,
Electrochemica Acta., Vol. 38, No. 10, 1993,
pp. 1381-1390.

4) P. Millet, T. Alleau and R. Durand,
“Characterization of membrane electrode
assemblies for solid polymer electrolyte water
electrolysis”, J. Applied Electrochem., Vol. 23,
1993, pp. 322-331.

5) K. A. Akiko, N. Hiroshi, F. Keikichi and K.
Hideaki, “Metal electrodes bonded on solid
polymer electrolyte membranes (SPE); The
behaviour of platinum bonded on SPE for
hydrogen and oxygen electrode processes”,
Electrochemica Acta., Vol. 28, No. 6, 1993,
pp. 777-780.

6) B. Serensen, “Hydrogen and Fuel Cells,

Emerging Technologies and Applications",
Elsevier Academic Press, California, 2005.

7) J. Larminie, and A. Dicks, “Fuel cell system
explained”, John Wiley & Sons, Ltd, New
York, 2000.

8) P. Millet and M. Pineri, “New solid polymer
electrolyte composites for water electrolysis”, J.
Appl. Electrochem., Vol. 19, 1989, pp. 162-166.

9) H. Takenaka, E. Torikai, Y. Kawami and N.

Wakabayashi, “Solid Polymer Electrolyte Water

21239 - 22X

AT - Yot

Electrolysis”, Int. J. Hydrogen Energy, Vol. 7,
No. 5. 1982, pp. 397-403.

10) T. Sakai, Y. Kawami, H. Takenaka and E.
Torikai, “Effects of Surface Roughening of
Nafion on Electrode Plating, Mechanical
Strength, and Cell Performances for SPE Water
Electrolysis”, J. Electrochem. Soc., Vol. 137,
No. 12, 1990, pp. 3777-3783.

11) N. Rajalakshmi, H. Ryu and K. S.
Dhathathreyan, “Platinum catalysed membranes
for proton exchange membrane fuel cells-higher
performance”, Chem. Eng. J., Vol. 102, 2004,
pp. 241-247.

12) H. S. Twu, T. R. Ling, T. C. Chou and M. C.
Yang, “Ultrasonic irradiation effect in the
impregnation - reduction process of preparing
Pt/Nafion® NH," sensor”, Ultrason. Sonochem.,
Vol. 8, No. 1, 2001, pp. 41-47.

13) D. W. DeWulf and A. J. Bard, “Application
of Nafion/Platinum Electrodes(Solid Polymer
Electrolyte Structures) to Voltammetric Investigations
of Highly Resistive Solutions”, J. Electrochem.
Soc., Vol. 135, No. 8, 1988, pp. 1977-1985.

14) P. S. Fedkiw and W. H. Her, “An Impregnation-
Reduction Method to Prepare Electrodes on
Nafion SPE”, J. Electrochem. Soc., Vol. 136,
No. 3, 1989, pp. 899-900.

15) R. Liu, W. H. Her and P. S. Fedkiw, “In Situ
Electrode Formation on a Nafion Membrane by
Chemical Platinization”, J. Electrochem. Soc.,
Vol. 139, No. 1, 1992, pp. 15-23.

Trans nf the Korean Hvirmoen and New Fnerav Society (20068 12). Vol 17 No 4 447



