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Abstract: It was reported that the carbon supported Pt and phosphorictungstenic acid (PWA) (Pt-PWA/C) catalysts were prepared with mixing
the carbon supported Pt (Pt/C) catalyst and PWA solution. It was found that because PWA covered on the Pt surface possesses the oxygel
affinity and the ability for inhibiting the permeation of methanol the Pt-PWA/C catalyst can increase the electrocatalytic activity for the oxygen
reduction reaction (ORR) and inhibit the electrooxidation of methanol comparing with the Pt/C catalyst. When the weight ratio of PWA and
Pt/C in the PWA-PY/C catalyst is 1, the composite catalyst showed the best performance. Comparing with the Pt/C catalyst, the reduction
current of oxygen is increased by about 38% and the oxidation current of methanol is decreased by about 76% at the Pt-PWA/C electrode with the
best weight ratio. Therefore, the Pt-PWA/C with the suitable weight ratio can be used as a cathodic catalyst in the direct methanol fuel cell (DMFC).
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1. INTRODUCTION catalytic activity for ORR and the excellent methanol tolerance
is of key significance in the DMFC development.
DMFC has been demonstrated to be the most promising fuel )
cell for portable power devices due to the high energy den- Some non-nob_le metal catalysts, such as_metalophthalocyan|nes,
sity, convenient fuel management and low system complexity, Metaloporphyrines [6-11] and chalcogenides [12-16] are of the
etc. However, there are several problems that prevent pmEchigh methanol tolerance. However, the electrocatalytical activ-
from commercial applications. One of them is that the methanol Iti€S Of these catalysts for ORR are lower than that of Pt cat-
crossover from anode through the solid polymer electrolyte to 2ySt and not stable. Our group [17] found that the compos-
the cathode, leading the decrease in the fuel utilization, the in-1t€ catalyst of metalophthalocyanine and Pt/C showed the high
duction of a mixed potential due to the electrocatalytic oxida- Methanol tolerance ability with the good electrocatalytical ac-
tion of methanol at the Pt cathode and even poisoning of thellVity for ORR. Recently, it was found that some Pt-based bi-
cathodic Pt catalyst [1-3]. In addition, similar to the proton ex- Nary alloys, such as BiNio 3 exhibit high catalytic activity for
change membrane fuel cell (PEMFC), ORR also proceeds at LORR and good mgthanol tolerance ability [18]. Savadogo et al.
very low kinetic rate in DMFC. The exchange current density [19, 20] reported firstly that the Pd-Co catalyst demonstrated an
of ORR at the Pt electrode is as low as1®A/cm?. whereas improvement of at least 250mV in the overpotential for ORR
for the hydrogen oxidation reaction, it is as large as“gcm? comparing with the Pt catalyst. Savadogo et al. [21-26] also

[4,5]. Therefore, obtaining a cathodic catalyst with high electro- nvented the composite catalysts suitable for the use as the ca-
thodic catalysts. A composite catalyst consists of at least one

pE— ] oud be add ——— metal selected from Pd, Pt, Ru, Rh, Ir or Os and at least a com-
Wei@?:ia\(l:vjlocrz correspondence  should be addressed:  Emal: - XIN9" hound selected from tungstic acid, molybdic acid, ammonium
Tel: +86-431-5262223, Fax: +86-431-5685653 tungstate, ammonium molybdate, sodium tungstate and sodium
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molybdate. PWA as one member of the heteropolyacid family cated in the de-ionized water. Then, cal & the catalyst slurry
with the high proton conductivity and pseudo-liquid behavior prepared above was transferred via a syringe onto the glassy car-
has been mostly used in catalyzing many kinds of reactions ancbon disc. After evaporating the solvent under air, the working
also been used in fuel cells as the catalysts, electrolytes anatlectrode was ready to be used.

membranes [24,27-45]. For example, Pt-heteropolyacid cata- ) ]

lysts, such as Pt-PWA catalysts were used as the cathodic catfOr the electrochemical measurements, 0.5p8€, solution
alysts for ORR in phosphoric acid fuel cell [24]. This kind of Without or with 1M CHOH was used. The solutions were
the catalyst was firstly fabricated by dispersing Pt fropPtCls deaerated with .bubbling the highly pu_rified nitrogen.or pure
onto the carbon supporter and then, adding different quantitiesOXygen for 15mintues before the experiments according to the
of PWA to the carbon-supported Pt catalyst. The performanceexperlmental requirements. The rotation speed of the working
of various 2%Pt-x%PWA catalysts for the ORR was investi- electrode was controlled in the range of 600-2500 rpm with
gated. These catalysts were prepared with mixing Pt/C cat-an analytical rotator and ASR speed control system, EG & G
alyst with PWA was dissolved in Nafion solution. The pur- Princeton. Applied research model 636. All the experiments
pose of this work is to evaluate performance of the Pt-PWA/C Were carried out at the room temperature (2p

catalyst used as the cathodic catalyst in DMFC. It was found

that Pt-PWA/C composite catalyst with the suitable weight ratio 3. RESULTS AND DISCUSSION

of PWA and Pt/C exhibits the high electrocatalytic activity for

ORR and methanol tolerant ability. Figure 1 shows the linear sweeping voltammograms of oxygen
saturated in 0.5 M bSOy solution at the Pt/C catalyst electrode

2. EXPERIMENTAL for the different rotating speeds. It can be observed from Figure
1 that the onset potential of ORR is approximately 0.7V. When

2.1 Catalyst preparation the potential is scanned to the negative direction, the current

increases until it reaches a limiting current. The result is similar
3.2g Vulcan-XC 72 active carbon was mixed with 200 ml of to that reported in literature [11].
the de-ionized water and iso-propanol with the volume ratio of
2:1 and stirred for one hour at 60~ Then, 155mL 12.6mM

H,PtCl solution was added dropwise to the active carbon slurry 0 LA
and stirred for another hour. After the pH of the above solution 1001 ]
was adjusted to 8-9 with the M@O3 solution, the NaBH so- 04 . - -
lution as the reducing agent was dropped into the solution with 1004 ]
stirring for 6 hours. Then, the solution was filtered, washed with 0
the de-ionized water until no Cl-can be detected in the filtrate. ] ]
After the precipitate obtained was dried aP80under vacuum 3004 T
overnight, the Pt/C catalyst with 20wt.% Pt was obtained. Fi- < 4004 i
nally, 5mg of the Pt/C catalyst was mixed with 0.4ml of 5wt.% = 50 ]
Nafion solution and sonicated for 15 minutes and mixed with 1,
3, 5, 7 or 10mg PWA dissolved in the 0.4mL of 5wt.% Nafion 60 ]
solution. After the mixture was sonicated for 15 minutes, the 700 e .
slurry of the Pt-PWA/C catalysts was obtained and called as 8004 i
Pt-PWA-1/C, Pt-PWA-3/C, Pt-PWA-5/C, Pt-PWA-7/C and Pt- o0 g ]
PWA-10/C catalyst, respectively. 0

40 A0 0 A 40 &0 &D w120

2.2 Electrochemical measurements

All electrochemical measurements were performed using a

Princeton Applied Research Model 273A potentiostat/Galva- Figure 1: The linear sweeping voltammograms of oxygen sat-
nostat and a conventional three-electrode electrochemical cellurated in the 0.5 M HSOy solution at the Pt/C electrode. Ro-
Ag/AgCl electrode was used as the reference electrode and altating speeds: (a) 600, (b) 800, (c) 900, (d) 1000, (e) 1500, (f)
potentials are quoted with respect to Ag/AgCI electrode. The 2000 and (g) 2500 rpm.

auxiliary electrode is a platinum foil. The rotating disc elec-

trode (RDE) with the glassy carbon disc (5 mm in diameter)

was used as _the substrate Qf the v_vorking electrode. Before usqiigure 2 shows the linear sweeping voltammograms of oxygen
RDE was polished successively with the slurry of 0.5 and |£D.03 saturated in the 0.5 M 80, solution at the Pt-PWA-1/C elec-

m aluminia powders (Buchler Co.) to a mirror-finish and soni- o6 for the different rotating speeds. Comparing with Figure
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1, it can be found that the onset potential of ORR at the Pt-PWA- 0 T T T T . . . ,
1/C electrode is almost the same as that at the Pt/C electrode. -
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Figure 3: The linear sweeping voltammograms of oxygen satu-
BV (sAghg0) rated in the 0.5 M HSQO, solution at the (a) Pt/C, (b) Pt-PWA-
) . . 1/C, (c) Pt-PWA-3/C, (d) Pt-PWA-5, (e) Pt-PWA-7/C and (f)
Figure 2: The linear sweeping voltammograms of oxygen satu- p;_p\wa-10 electrodes. The rotating speeds: 1000rpm.
rated in the 0.5 M SOy solution at the Pt-PWA-1/C electrode.

Rotating speeds: (a) 600, (b) 800, (c) 900, (d) 1000, (e) 1500,
() 2000 and (g) 2500 rpm.
It has been known that the relationship between the oxygen re-
duction currentl() at a thin catalyst layer on RDE and its rota-
The linear sweeping voltammograms of oxygen saturated in thetion speed ) is given by Koutecky-Levich equation[46,47]:
0.5 M H,SO4 solution at the Pt-PWA-3/C, Pt-PWA-5/C, Pt-
PWA-7/C or Pt-PWA-10/C electrodes for the different rotating

1/2
speeds are similar to those in Figure 2. The onset potential of 1/1 = 1/lk+1/Bw" 1)
ORR is almost the same as that in Figure 1 and 2, but the limit-
ing currents are different at the different electrodes. wherel is the oxygen reduction curreitk is the kinetic current,

) ) ) w=211/60 (f in rpm), B is the Levich slope.
Figure 3 shows the linear sweeping voltammograms of oxygen

saturated in 0.5 M ESOy solution at the Pt/C, Pt-PWA-1/C, Pt-
PWA-3/C, Pt-PWA-5/C, Pt-PWA-7/C and Pt-PWA-10/C elec- B = 0.62nFAcD?3y~1/6 2)
trodes at the rotating speed of 1000rpm. It can be clearly ob-

served from Figure 3 that the onset potentials of ORR at theWhere nis the number of electrons transferred per oxygen

different electrodes are almost the same. However, the lim- .
iting currents at the Pt-PWA-3/C and Pt-PWA-5/C electrodes molecule,F Is the Faraday constant (96486.7C WS])’ A
"~~~ is the apparent surface area of the electrode (0.196crs the
are larger than that at the Pt/C electrode. In turns, the limit- ; . . .
: ; bulk concentration of oxygen dissolved in the solution (%22
ing current at the Pt/C electrode is larger than that at Pt-PWA- | ¢ "3 ; e -
.7 107° mol cm[11]), D is the diffusion coefficient of oxygen
1/C, Pt-PWA-7/C and Pt-PWA-10/C electrodes. The limiting . . s 1 ) . )
. in the solution (1.%107 cm s *[49]), and is the kinematic
current at the Pt-PWA-5/C electrode is largest among all theViscosit of the solution (0.987102cm s 1[50))
electrodes. The limiting current at the Pt-PWA-5/C electrode is y ’ '

about 800mA at -0.2V, which is about 38% larger than that at Figyre 4 shows the Koutecky-Levich plots for the reduction of
the Pt/C electrode. Itis illustrated that when the weight ratio of gxygen saturated in the 0.5 M,BO, solution at the different
PWA and PY/C is 1 in the experimental conditions, the best pro- gjectrodes at -0.2V. The linearity of the plots in Figure 4 con-
motion effect of the Pt-PWA/C catalyst for ORR was obtained. firmed that the above equations are suitable to analysis the be-
havior of ORR at the catalysts and suggests that the values of
w used in this research are large enough to obtain the values of
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n independent ofv using equation(1) and (2)[51-53]. There- been determined. Thus, onl§f” can be calculated and the re-
fore, the values of n calculated from the slopes of the Koutecky- sults are listed in Table 2. It can be observed from Table 2 that
Levich lines in Figure 4 using the above parameters can be ob-andKTI at the Pt/C electrode are slightly larger than that at the
tained and are listed in Table 1. The n value at Pt/C electrode isPt-PWA-1/C and Pt-PWA10/C electrodes, but much less than
in well accordance with that reported in the literatures [46, 47, that at the Pt-PWA-5/C electrode.

54-56]. It can be seen that at the Pt-PWA/C electrodes, the val-

ues of n do not change significantly, illustrating that the addition

of PWA into the Pt/C catalyst does not alter the ORR pathway. Table 2: k and K" calculated from the intercepts in Figure 4

Catalyst Intercept KIr
Table 1: The electron numbers involved in ORR per molecule mA~1 mA 10 %cmst
Pt/C 0.420 2.381 2.580
Catalyst n Pt-PWA-1/C 0.462  2.165 2.346
P/C 3.7 Pt-PWA-5/C 0.198  5.051 5.473
Pt-PWA-1/C 4.4 Pt-PWA-10/C  0.619  1.616 1.751

Pt-PWA-5/C 4.3
Pt-PWA-10/C 4.0

Figure 5 shows the cyclic voltammograms of the different elec-
54 trodes in the 0.5M KHSO4 solution with 1M CHOH and sat-

1 urated oxygen. Two strong peaks for the methanol oxidation
in the positive and negative scan directions were observed at
the Pt/C electrode (Figure 5, Curve a). However, the oxida-
tion peaks of methanol at the Pt-PWA-1/C, Pt-PWA-5/C and Pt-
PWA-10/C electrodes (Figure 5, Curve b, ¢ and d) are much
weaker than that at the Pt/C electrode. The peak current at the
Pt-PWA-5/C electrode is about 76% less than that at the Pt/C
electrode. Especially, the oxidation peaks of methanol at the

20
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15
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:: Pt-PWA-10/C electrode almost disappear. It is illustrated that
PWA can significantly inhibits the oxidation of methanol at the

:? Pt/C electrode.
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Figure 4: The Koutecky-Levich plots for the reduction of oxy-
gen saturated in the 0.5 M280, solution at the (a) Pt/C, (b)

Pt-PWA-1/C, (c) Pt-PWA-5/C and (d) Pt-PWA-10/C electrodes.
The fixed potential: -0.2V. r

I’'mA

Ik can be calculated from the intercepts of the Koutecky-Levich » I
lines in Figure 4. The rate constaftfor ORR can be obtained P T T T S T T TR

from Ik using Equation 3 -400 200 0 200 400 600 800 1000 1200
E/mV( vs.Ag/AgCl)

K = Ik/nFACT ®) Figure 5: The cyclic voltammograms of the (a) Pt/C, (b) Pt-

PWA-1/C, (c) Pt-PWA-5/C and (d) Pt-PWA-10/C electrodes in
WhereK is the rate constant (M S™1). I (mol cm™2?) is the the 0.5M HS0O; solution with 1M CHOH and saturated oxy-
guantity of the catalyst in the electrode, which participates in gen. Scan rate: 100mv/s.
ORR. However, the real amount of the active catalyst could not
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The reason for that the Pt-PWA/C catalyst with the suitable [4] M. Van Brussel G. Kokkinidis, I. Vandendael, C.

weight ratio of PWA and Pt/C has the high electrocatalytical Buess-Herman, Electrochemistry Communications, 4, 808

activity for ORR and methanol-tolerance is not very clear so (2002)

far. The composite catalyst was prepared after the Pt/C catalyst . . .

mixed with PWA. Thus, the Pt surface is covered with PWA in [5] M. D. Macia, J. M. Campina, E. Herrero, J. M. Feliu, J.

some degree. PWA possesses the pseudo-liquid behavior, high Electroanal. Chem., 564, 141 (2004)

oxygen affinity and high proton conductivity and keggin-type-  [g] Bron, S. Fiechter, M. Hilgendorff, P. Bogdanoff, J. Appl.

structrue [57]. The high electrocatalytic ability of the Pt-PWA/C Electrochem., 32, 211 (2002)

composite catalyst with the suitable weight ratio of PWA and

Pt/C is attributed to the high oxygen affinity of PWA. However, [7] J.Jiang, A. Kucernak, Electrochim. Acta, 47, 1967, (2002)

when the weight ratio of PWA and Pt/C is low, the oxygen affin- [8] Bron, J. Radnik, M. Fieber-Erdmann, P. Bogdanoff, S.

ity of PWA is not enough to display. When the weight ratio is Fiecr,lter 3 Elec'éroanal Chem.. 535 ’113 (2002) '

too high, the permeability rate of oxygen trough PWA layer is T ' h '

lowed. Therefore, only the composite catalysts with the suitable [9] G. Faubert, R. Cote, J. P. Dodelet, M. Lefevre, P. Bertrand,

range of the weight ratio of PWA and Pt/C can show the high Electrochim. Acta, 44, 2589 (1999)

electrocatalytic activity for ORR. Furthermore, it is clearly seen

from Figure 5 that the peak current of the methanol oxidation [10] H. Wang, R. Cote, G. Faubert, D. Guay, J. P. Dodelet, J.

decreases with increasing the weight ration of PWA and Pt/C in Phys. Chem. B, 103, 2042 (1999)

the Pt-PWA/C catalysts. For example, at the Pt-PWA-10/C elec-[11] R. Jiang, D. Chu, J. Electrochem. Soc., 147, 4605 (2000)

trode, the methanol oxidation current almost disappears. It is

may be due to that the Pt surface is covered with PWA in the Pt-[12] N. Alonso Vante, H. Tributsch, Nature, 323, 431 (1996)

PWA/C catalyst and methanol as the relatively large molecule is[13] N. Alonso Vante. B. Schubert. H. Tributsch. A. Perrin. J.

difficult to permeate through PWA to the Pt surface. Therefore, Catal. 112. 384 ’(1988) ' ' '

the Pt-PWA/C catalyst possesses methanol-tolerant ability. ' '
[14] B. Schubert, N. Alonso Vante, E. Gocke, H. Tributsch,

4, CONCLUSION Ber. Bunsenges. Phys. Chem., 92, 1279 (1988)

[15] T. J. Schmidt, U. A. Paulus, H. A. Gasteiger, N. Alonso

From the above results, it can be concluded that the Pt-PWA/C Vante, R. J. Behm, J. Electrochem. Soc., 147 2620 (2000)

catalyst with the suitable weight ratio of PWA and Pt/C can in-
crease the electrocatalytic activity for ORR and inhibit the elec- [16] R. W. Reeve, P. A. Christensen, A. J. Dickinson, A. Ham-
trooxidatio n of methanol comparing with Pt/C catalyst because nett, K. Scott, Electrochim. Acta, 45, 4237 (2000).

PWA covered on the Pt surface possesses the oxygen affinity ) L . . .

and the ability for inhibiting the permeation of methanol. When [17] Xuguang Li, Wei Xing, Tianhong Lu, Yanping Ji, Hongy-

the weight ratio of PWA and Pt/C in the PWA-Pt/C catalyst is 1, ing Liang, Yun Shao. Chemical Journal. of Chinese Uni-
the composite catalyst showed the best performance. versities, 24, 1246 (2003)

[18] J. F. Drillet, A. Ee, J. Friedemann, R. Kotz, B. Schnyder,
5. ACKNOWLEDGMENTS V. M. Schmidt, Electrochim. Acta, 47, 1983 (2002).

The authors are grateful for the financial sponsors of “ 863" [19] O. Savadogo K. Lee, K. Oishi, S. Mitsushima,N. Kamiya,
Project of Science and Technology Ministry of China K.-I. Ota Electrochemistry Communications, 6, 105
(2003AA517060), the National Natural Science foundation of (2004)

China (20373068, 20433060, 20573057), Fund of Department[zo] 0.Savadogo. K. Lee, K. Oishi, S. Mitsushima, N. Kamiya,

of Science and Technology of Jiangsu Province (BG200302), K.-I. Ota J. New Mat.Electrochem. Systems.7, 77 (2004)
Fund of Education Department of Jiangsu Province (JH02-080, '

05KJB150061) and National “211" Key project. [21] O. Savadogo, A. Essalik, US Patent, 5 298 343 (1994)
REFERENCES [22] O. Savadogo, P. Beck, J. Electrochem. Soc.,143, 3842
(1996).
[1] D. Chu, S.Gilman, J.Electrochem.Soc., 141, 1770 (1994) [23] O. Savadogo, A. Essalik, J. Electrochem. Soc.,143,1814
(1996).

[2] A. Kuver, K.Potje-Kamloth, Electrochim. Acta, 43, 2527
(1998) [24] O. Savadogo and A. Essalik, In proceddings of New Ma-

terials for Fuel Cell Systems I, pages 688-701, July 9-13,
[3] J. Cruickshank, K. Scott, J.Power Sources, 70, 40 (1998) 1995



256 Y. Lv et al./ J. New Mat. Electrochem. Systems 8, 251-256 (2005)

[25] O. Savadogo, A. Essalik, J. Electrochem. Soc., 141, L92[45] Yu Seung Kim, Feng Wang, Michael Hickner, Thomas
(1994) A.Zawodzinski, James E.McGrath J.Membrane Science,

) _ 212, 263 (2003)
[26] A. Essalik, O. Savadogo,F.Ajersch, J. Electrochem. Soc.,

142, 1368 (1995) [46] S. Lj. Gojkovi, S.K. Ze evi R.F. Savinell. J. Electrochem.

Soc., 145, 3713 (1998)
[27] N. Giordano, P. Staiti, A. S. Arico, E. Passalacqua, L.

Abate, S. Hocevar, Electrochim.Acta, 42, 1645 (1997)  [47] U.A. Paulus, T.J. Schmidt, H.A. Gasteiger, R.J. Behm,J.
Electroanal. Chem., 495, 134 (2001)
[28] A. S. Arico, H. Kim, A. K. Shukla, M. K. Ravikumar, V.

Antonucci and N. Giordano Electrochim.Acta, 39, 691 ( [48] Carlos Paliteiro, Elsa Correia, J.Electrochem.Soc. ,147(9),

1994) 3445 (2000)
[29] Shijun Liao, Vladimir Linkov and Leslie Petrik. Applied  [49] S. K. Zecevic, J. S. Wainright, M. H. Litt, S. Lj. Gojkovic,
Catalysis A:General, 235, 149 (2002) R. F. Savinell, J.Electrochem.Soc., 144, 2973 (1997)
[30] S. Hocevar, E. Passalacqua, M. Vivaldi, A. Patti, N. Gior- 201 R- M. Q. Mello, E. A. Ticianelli, Electrochim Acta, 42,
dano, Electrochm. Acta, 41, 2817 (1996) 1031 (1997)
[31] N. Giordano, P. Staiti, S. Hocevar, A. S. Arico Elec- [51] Jun Maruyama, Ikuo Abe, J.Electroanal.Chem., 545, 109
. , P, . S. . A. S. (2003)

trochim. Acta, 41, 397 (1996)

[52] H.S. Wroblowa, Y.C. Pan, G. Razumney. J. Electroanal.

[32] N. Giordano, A. S. Arico, S. Hocevar, P. Staiti, P. L. An- Chem., 69, 195 (1976)

tonucci, V. Antonucci, Electrochim.Acta, 38, 1733 (1993)

[53] J. Maruyama, M. Inaba, T. Morita, Z. Ogumi. J. Elec-

[33] P. Staiti, S. Hocevar, N. Giordano Int. J. Hydrogen Energy, troanal. Chem., 504, 208 (2001)

22,809 (1997)

341 P. Staiti. A. S. Arico. V. Ant i S H Ip [54] O. Antoine, Y. Bultel, R. Durand. J. Electroanal. Chem.,
[34] P. Staiti, A. S. Arico, V. Antonucci, S. Hocevar, J.Power 499, 85 (2001)

Sources, 70, 91 (1998)

) . . [55] O. Antoine, R. Durand J. Appl. Electrochem., 30, 839
[35] Felix B. Dias, Julio B. Fernandes J.Power Sources, 74, 1 (2000)

(1998)

[56] J. Perez, E.R. Gonzalez, E.A. Ticianelli. Electrochim.
[36] A.S. Arico, E. Modica, I. Ferrara, V. Antonucci J.Applied Acta, 44, 1329 (1998)

Electrochem., 28, 881 (1998)
[57] Makoto Misono C.R. Acad.Sci.Paris, Serie lic,
[37] P. Staiti, A. S. Arico,S. Hocevar, V. Antonucci, J.New Chimie/Chemsitry, 3, 471 (2000)
Mater.Electrochem.Syst.,1, 1 (1998)

[38] Igor Lavric, Pietro Staiti, Peter Novak, Stanko Hocevar,
J.Power Sources, 96, 303 (2001)

[39] O. Nakamura, I. Ogino, T. Kodama, Solid State lonics, 4,
347 (1981)

[40] O. Nakamura, I. Ogino, Mater.Res.Bull.,17, 231 (1982)

[41] P. Staiti, A. S. Arico, V. Baglio, F. Lufrano, E. Passalac-
qua, V. Antonucci Solid State lonics, 145, 101 (2001)

[42] B. Xing, O. Savadogo, J.New Mater.Electrochem.Syst.,2,
95 (1999)

[43] P. Staiti, M. Minutoli, S. Hocevar, J.Power Sources,
90,231 (2000)

[44] P. Staiti, S. Freni, S. Hocevar, J.Power Sources, 79 , 250
(1999)



