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Characteristics of CL-SPEEK/HPA Membrane Electrodes with
Pt-Ni and Pt-Co Electrocatalysts for Water Electrolysis

JEYOUNG WO0O-, KWANGMUN LEE-, BONGCHUL JEE-, JANGHOUN CHUNG-+,
SANGBONG MOGN-+~, ANS0D KANG-'

*Dept, of Chemical Engineering, Myongji Univ., 38-2 Nam-dong, Cheoin—gu,
Yongin-si, Gyeonggi-do 449-728, Korea
*xDept. of Chemistry, Myongji Univ., 38-2 Nam-dong, Cheoin-gu,
Yongin-si, Gyeonggi-do 449-728, Korea
s++Flchemn Tech Co., Ltd,, New T Castle 1001, Gasan-dong 429-1, Geurnchun-gu, Seoul 153-803, Korea

ABSTRACT

The electrocatalystic prperties of Pt-Co and Pt-Ni with heteropolyacids (HPAs) entrapped in covalently
cross-linked sulfonated poly(ether ether ketone) (CL-SPEEK)/HPA membranes were investigated for water
electrolysis. The HPAs, including molybdophosphoric acid (MoPA), and tungstophosphoric acid (TPA) were
both used as membrane additives and electrocatalysts. The membrane electrode assembly (MEA) was prepared
by a nonequilibrium impregnation-reduction (I-R) method. Pt(NH3)4Cls, NiCl> and CoCl; as electrocatalytic
materials and NaBH; as reducing agent were used. I order to enhance electrocatalytic activity, the catalyst layer
prepared above was electrodeposited (Dep) with HPA. Surface morphologies and physico-chemical properties
of MEA were investigated by means of SEM, EDX and XRD. The electrocatalytic properties of composite
membranes such as the cell voltage and coulombic charge in CV were in the order of magnitude: CL-SPEEK/
MoPA40 (wt%) > CL-SPEEK/TPA30 > Nafionl17. In the optimum cell applications for water electrolysis,
the cell voltage of Pt/CL-SPEEK-MoPA40/Pt-Co (Dep-MoPA) and Pt/CL-SPEEK-TPA30/Pt-Co (Dep-TPA)
was 1.75 V at 80°C and 1 A/em’” and voltage efficiency was 87.1%. Also, the observed activity of Pt-Co (84:16
atomic ratio by EDX) is a little higher than that of Pt-Ni (86:14). The current density peak of electrodeposited
electrodes were better a little than those of unactivated electrodes based on the same membranes.
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Fig. 1 SEM images of the surface of PYPEM/Pt-Ni, Pt-Co (a),
(b) without and (c), (d) with MoPA electrodeposition prepared
by nonequilibrium I-R method magnified 200,000 times.
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Fig. 2 EDX spectra of the MEA, (a) Pt-Ru-Ni (b) Pt-Ru-Co,
prepared by non-equilibrium I-R method.
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Fig. 3 XRD patterns of the MEA, PEM/Pt-Ni, Pt-Co, prepared
by non-equilibrium I-R method.
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Table 1 Data of mean particle size, lattice parameter and SSA
of Pt/PEM/Pt-Ni, Pt-Co prepared by nonequilibrium I-R method

MEA Mgan Lattice SSA

particle parameter 2

Catalyst | Membrane | size [nm] [nm] [m7g]
. TPA30

Pt-Ni (W1%) 10.1 0.3880 30.7
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(Wi%) 9.93 0.3878 312
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(Wt%) 9.28 0.3875 338

Nafionl17 9.37 0.3881 335
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Fig. 4 Cyclic voltammograms of MEA prepared by nonequilibrium
I-R method; geometrical area: 1.0 cmz, scan rate ; 20 mV/s.
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Table 2 The result of PYPEM electrocatalysts
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MEA Elctrocatalyst Electricity Roughness ESA Cell voltage Voltage
loading Quantity factor [m2 Ptig-Pt] [V, at efficiency
Catalyst | Membrane [mg/em’] [mClem’] [m-Pt/m’] g 1 Alem] [%]
Pt-Ni TPA30 1.39 58.6 279 20.1 1.80 822
MoPA40 141 61.7 338 209 1.79 827
Pt-Co TPA30 1.40 653 46.6 222 1.77 83.6
MoPA40 1.42 673 474 226 1.76 84.1
PLNi TPA30 1.42 60.1 423 202 1.79 827
(Dep)
MoPA40 1.41 634 449 214 1.78 83.1
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Fig. 5 Cell voltage-current density relations of MEA prepared
by nonequilibrium I-R method.

Trans. of the Korean Hydrogen and New Energy Societf2010. 2), Vol. 21, No. 1 31




SHY - 0L -

2}4) CL-SPEEK/MoPA40%el| Pt-Co 54 &
AF&3 MEAZF AEYE 1.0A/cm?lA 1.76VE A
g EXo] 7bF FSiTh

(b)E @9 2L A0 Z AZ3 MEA HPAE
At 2AY 548 4T 2945 vepd 1y
or} & ghe] B¢ Pt-Co7} Pt-NiRY & U] &
AE ZAGG EAS Holn gloy 2L & Eu)
9] 74$-ol A= CL-SPEEK/TPA302H# CL-SPEEK/
MoPA40ere] 25 H|&g AgS B2tk agu
HasiA] B (a)9] Ao} v BHE 25 23
ot EAJo] FAE QI o] Az s & o HPA
o] Aoz s 2HY EAo| I, 24
o] o= Ax 9| Fe RESIH 5T Eal
AA & aHE 47lE oFgde As AT F A
At 282 o7 CL-SPEEK/TPA30 % /MoPA40
2o Pt-Co 4 £ E AME3H § HPAE A%
MEAZ} AFLE L0A/m®™AH 175 VE Ag &
o) 714 Zgtth MEAY] wE ZA¢te) vinE
Table 29 YRS

35 Pt/PEM/Pt-Ni, /Pt-Coll MATE

Table 2014 CL-SPEEK/TPA30 % /MoPA40%}
o Pt-Ni ¥ Pt-Co 5% Zu|& 0|4y 3-8
Wg o] &3ld] A% MEAY JHHE 7|22
A% 282 YehUY XRD, CV 2 =442 §
& A7)3l8ty EAS ddd Ax HH o 3
4 A3 JAPHH Az 24& ZAsAoH,
A3 A3} Pt/CL-SPEEK-MoPA40/Pt-Co A=
Pt/CL-SPEEK-TPA30/Pt-Cooll HPAS] A4S A
£3 MEA7} 846%°] A¢Ea&= 7ME 8 5
e Bd A8 Ao HE M-S st
4. A =

v HY 2-3AES ARSI Pt AloF F 5 SmM
2 Ni#t Co Al F= 10mM, HAAIZE 147 2

54 o MEAY FHeHy 24 23 FAd) 34
Zulgo] 339 YRS ol Fo] Y= giom, HPA

]

32 gt=

NESE -

BYE - 248 AL

o] Aol AT % PIAAtE AL &<
g 4 9l ol# e 271-g EUlZ CL-SPEEKY]
TPA % MoPAE #7}s uh& AME-3l] P-Ni &
Pt-Co 5% &1 ¢3] MEAZ |23 43, CL-
SPEEK-MoPA40/Pt-Co Aol ZA¢ 1L7T6VE ¢
S8t} 22151 HPAE A23e 47 CL-SPEEK-
TPA30/Pt-Cod =3} CL-SPEEK-MoPA40/Pt-Co
o] ZAYL 175 VE A4stgn, Agase
U6%Z M 43 E4E RA
a2y MoPA402] 7-¢ Fenton A8 23}
WA o] 23hro & ol SPEEK] HPAS]
(immobilization)7} A sHA H A gethe
Qo 183 Liu %9 ojeid £
gl 2L v A7) Aol FAA 4
o] AFAo] £ thFA 9 28 /Y, B2

AN ERAL 2 A3 o Alo]d] FEF 3

3
3

g ot R
= oon
[o]

W Y g

AN

4 aga o ZRele] g4l FA Solgtn B
watgh wEbs g9x 54 degz B4 agn
[e]

A5 B3 A8 WA B AAE S
2e] A& et & o CL-SPEEK/TPA30
A e AMEStT S P, A= Pt-Co
2% 2012 93 ¥ TPAS A2l 4123 MEA

SR Hgahes o] M AEAol Y A
= g

=R

1) P. Millet, F. Andolfatto, and R. Durand : “Design
and performance of a solid polymer electrolyte
water electrolyzer”, Int. J. Hydrogen Energy,
Vol. 21, No. 2, 1996, pp. 87-93.

2) J. O. Bockiis : “Comprehensive treatise of electro-
chemistry, Vol. 2”, Plenum press, New York,
1981.

24 2 MUUXES ==& M21& M1E 20104 28



M3 Z0) Pt-Ni L Pt-CoZ 0|88 +&

3) L Y. Jang, O. W. Kweon, K. E. Kim, G. J.
Hwang, S. B. Moon, and A. S. Kang : “Cova-
lently cross-linked sulfonated poly(ether ether
ketone)/tungstophosphoric acid composite meme-
branes for water electrolysis application”, J. Power
Sources, Vol. 181, No. 1, 2008, pp. 127-134.

4) FE&T, $AYG, oFE, ARE, £4e, B
ok« 448§ PYFH7F SPEEK-HPA &
§el/Pt-Ru MEAS] A7)3}8H3 5497, &=
Fa 2 2eyA g =F4, Vol 20, No.
3, 2009, pp. 194-201.

5) H. Takenaka, E. Torikai, Y. Kawami, and N.
Wakabayashi : “Solid polymer Electrolyte Water
Electrolysis”, Int. J. Hydrogen Energy, Vol. 7,
No. 5, 1982, pp. 397-403.

6) 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.

7 ALE AR, UG, FET, ALE, T
28, A “31 3-8 PYPEM/Pt-Ru MEA
o) W71FetE B4, B5a @ AoUA
&3] =%3, Vol. 19, No. 1, 2008, pp. 18-25.

8) P. Millet, M. Pineri and R. Durand : “New
solid polymer electrolyte composites for water
electrolysis”, J. Appl. Electrochem., Vol. 19,
No. 2, 1989, pp. 162-166.

9) R. J. Stanis, Mei-Chen Kuo, A. J. Rickett, J.
A. Tummer and A. M. Herring : “Investigation
into the activity of heteropolyacids towards the
oxygen reduction reaction on PEMFC cathodes”,
Electrochimica Acta, Vol. 53, No. 28, 2008,
pp. 8277-8286.

10) O. Savadogo : “On the concept of synergetic systens
of composite or modified materials and their
electrocatalytic properties: (1) General approach”,
Int. J. Hydrogen Energy, Vol. 27, No. 2, 2002,
pp. 157-169.

11) Y. Saejeng and N. Tantavichet : “Preparation of

M2 S7Jtw CL-SPEEK/HPA 2A=9] E4

Pt-Co alloy catalysts by electrodeposition for
oxygen reduction in PEMFC”, J Appl Electro-
chem, Vol. 39, No. 1, 2009, pp. 123-134.

12) O. Savadogo and E. Ndzebet : “Influence of
SiW1204" on the electrocatalytic behaviour of
Pt-Co alloy supported on carbon for water elec-
trolysis in 3 M KOH aqueous solution”, Int. J.
Hydrogen Energy, Vol. 26, No. 3, 2001, pp.
213-218.

13) E. Ndzebet and O. Savadogo : “Electrocatalytic
activity of the hydrogen evolution reaction in
3 M KOH on nickel electrodeposited with Co*
and PMoi,Ow’~ or PWi20s’ ”, Int. J. Hydrogen
Energy, Vol. 17, No. 10, 1992, pp. 751-756.

14) M. Soggaard, M. Odgaard, and E. M. Skoi :
“An Improved Method for the Determination
of the Electrochemical Active Area of Porous
Composite Platinum Electrodes”, Solid State
Tonics, Vol. 145, No. 31, 2001. pp. 31-35.

15) AF9, U9, ALH DAY, B, Fd
T og-gdy o g Azd 5488 P-SPE
AFE)e B4, BIFa R AoUA S
3] =&3, Vol. 17, No. 4, 2006, pp. 440-447.

16) V. Ramani, H. R. Kunz and J. M. Fenton :
“Investigation of Nafion®/HPA composite mem-
branes for high temperature/low relative humidity
PEMFC operation”, J. Memb. Sci., Vol. 232,
No. 1-2, 2004, pp. 31-44.

17) S. M. J. Zaidi, S. D. Mikhailenko, G. P.
Robertson and M. D. Guiver :
ducting Composite Membrane from Polyether

“Proton Con-

ether ketone and Hetero-polyacids for Fuel Cell
Applications”, J. Memb. Sci., Vol. 173, No. 1,
2000, pp. 17-34.

18) D. Y. Lee, S. W. Hwang and L. S. Lee : “A
study on composite PtRu(1:1)-PtSn(3:1) anode
catalysts for PEMFC”, J. Power Sources, Vol.
145, No. 2, 2005, pp. 147-153.

19) J. W. Guo, T. S. Zao, J. Prabhuram, R. Chen,

Trans. of the Korean Hydrogen and New Energy Society(2010. 2), Vol. 21, No. 1 33



20)

21)

22)

34

SHE - 01 F2 -

and C. W. Wong : “Preparation and charateriza-
tion of a PtRWC nanocatalyst for direct methanol
fuel cells”, Electrochimica Acta, Vol. 51, No.
4, 2005, pp. 754-763.

X. Xue, C. Liu, W. Xing and T. Lu : “Physical
and Electrochemical Characterization of PtRwC
Catalysts by Spray Pyrolysis for Electrocatalytic
Oxidation of Methanol”, J. Electrochem. Soc.,
Vol. 153, No. 5, 2006, pp. 79-84.

H. Nitani, T. Nakagawa, H. Daimon, Y. Kuroboe,
T. Ono, Y. Honda, A, Koizumi, S. Seino and
T. A. Yamamoto : “Methanol Oxidation Catalysis
and Substructure of PtRu Bimetallic Nanoparticles”,
Appl. Catal. A, Vol. 326, No. 2, 2007, pp.
194-201.

K. W. Park et al. : “Chemical and Electronic

i

NEE IR

FHob

S - 20

Ho

Effects of Ni in Pt/Ni and Pt/Ru/Ni Alloy
Nanaparticles in Methanol Electrooxidation”, J.
Phys. Chem. B, Vol. 106, 2002, pp. 1869-1877.

23) Z. B. Wang, G. P. Yin and Y. G. Lin :

“Synthesis and Characterization of PtRuMo/C
Nanoparticle Electrocatalyst for Direct Ethanol
Fuel Cell”, J. Power Sources, Vol. 170, No. 2,
2007, pp. 242-250.

24) S8 : “288 SPEEK Aaid =9 A

ZFA] HPA #7HAIS] 43P, WA st 3t
9, Bhrhekg =g, 82, 2008, pp. 122-126.

25) F. Liu and C. Y. Wang : “Variations in Inter-

RS

facial Properties During Cell Conditioning and
Influence of Heat-Treatment of Ionomer on the
Characteristics of Direct Methanol Fuel Cells”,
Electrochim. Acta, Vol. 50, 2005, pp. 1413-1422.

al

=

Aol XIE s =28 H212 Mi1= 2010¥ 28



