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Abstract >> Fe-Ni-Pt nanocatalysts were loaded on carbon black powders which
were synthesized by a spontaneous reduction reaction of iron (ll) acetylaceto-
nate, nickel (1) acetylacetonate and platinum (Il) acetylacetonate. The morphol-
ogy and the loading weight of Fe-Ni-Pt nanoparticles were characterized by trans-
mission electron microscopy and thermogravimetric analyzer. The amount of
Fe-Ni-Pt catalyst supported on the carbon black surface was about 6.42-9.28
wt%, and the higher the Fe content and the lower the Pt content, the higher the
total amount of the metal catalyst supported. The Brunauer-Emmett-Teller
Analysis (BET) specific surface area of carbon black itself without metal nano-
particles supported was 233.9 mz/g, and when metal nanoparticles were in-
troduced, the specific surface area value was greatly reduced. This is because
the metal nanocatalyst particles block the pore entrance of the carbon black,
and thereby the catalytic activity of the metal catalysts generated inside the
pores is reduced. From the I-V curves, as the content of the Pt nanocatalyst in-
creased, the electrolytic properties of water increased, and the activity of the
metal nanocatalyst was in the order of Pt > Ni > Fe.

Key words : Anlon exchange membrane(20|-2 1 3t8h), AEM water electrolysis(AEM
£ Md), Fe nanocatalyst (3 Lt =0f), Ni nanocatalyst(L| & L} Z£1f),
Pt nanocatalyst(8 2 Lt Z0ff)
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Fig. 1. Chemical structures for metallic precursors
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Table 1. Weight ratio of catalyst precursors

Metallic precursor Weight fraction
Fe(acac), 06 (04]04]02]02]| 02
Ni(acac), 02(04]02]06]04]| 02
Pt(acac), 02(02]04]02]04]| 06
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Fig. 2. SEM images for Fe-Ni-Pt/carbon black catalysts. Mixing
ratios of Fe(acac), Ni(acac). and Pt(acac). were (a) 0.6:0.2:0.2,
(b) 0.4:0.4:0.2, (c) 0.4:0.2:0.4, (d) 0.2:0.6:0.2, (e) 0.2:0.4:0.4,
and (f) 0.2:0.2:0.6, respectively
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Fig. 3. EDS spectra for Fe-Ni-Pt/carbon black catalysts. Mixing
ratios of Fe(acac),, Ni(acac), and Pt(acac), were (a) 0.6:0.2:0.2,
(b) 0.4:0.4:0.2, (c) 0.4:0.2:0.4, (d) 0.2:0.6:0.2, (e) 0.2:0.4:0.4,
and (f) 0.2:0.2:0.6, respectively

Table 2. Elemental ratios of Fe:Ni:Pt synthesized from various
mixing ratios of metallic precursors
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Fig. 4. TGA curves for Fe-Ni-Pt/carbon black catalysts. Mixing
ratios of Fe(acac),, Ni(acac),, and Pt(acac), were (a) 0.6:0.2:0.2,
(b) 0.2:0.6:0.2, and (c) 0.2:0.2:0.6, respectively

Table 3. Loading weights of Fe-Ni-Pt catalysts on carbon black
synthesized from various mixing ratios of metallic precursors

Mixing ratios of Fe(acac),, Elemental ratio Mixing ratios of Fe(acac),, | Loading weight of Fe-Ni-Pt
Ni(acac), and Pt(acac) Fe Ni Pt Ni(acac), and Pt(acac), catalysts (Wt%)
0.6:0.2:0.2 0.68 0.18 0.14 0.6:0.2:0.2 9.28
0.4:0.4:0.2 0.45 0.39 0.16 0.4:0.4:0.2 8.27
0.4:0.2:0.4 0.44 0.20 0.36 0.4:0.2:0.4 8.01
0.2:0.6:0.2 0.24 0.58 0.18 0.2:0.6:0.2 7.48
0.2:0.4:0.4 0.26 0.38 0.36 0.2:0.4:0.4 6.87
0.2:0.2:0.6 0.26 0.23 0.51 0.2:0.2:0.6 6.42
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Fig. 5. (a) TEM image and (b) high resolution image for Fe Ni-
Pt/carbon black catalysts. Mixing ratios of Fe(acac),, Ni(acac).
and Pt(acac), was 0.4:0.4:0.2
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Fig. 6. BET hysteresis curves for (a) carbon black and (b-g) Fe-Ni-Pt/carbon black. Mixing ratios of Fe(acac),, Ni(acac), and
Pt(acac), were (b) 0.6:0.2:0.2, (c) 0.4:0.4:0.2, (d) 0.4:0.2:0.4, (e) 0.2:0.6:0.2, (f) 0.2:0.4:0.4, and (g) 0.2:0.2:0.6, respectively
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Table 4. BET surface of Fe-Ni-Pt catalysts on carbon black
synthesized from various mixing ratios of metallic precursors

Mixing ratios of Fe(acac), Ni(acac), | BET surface area

and Pt(acac), (mz/ 2)

Carbon black 2339
0.3:0.1:0.1 87.3
0.2:0.2:0.1 87.6
0.2:0.1:0.2 90.5
0.1:0.3:0.1 90.7
0.1:0.2:0.2 91.2
0.1:0.1:0.3 92.4

15

—_
o
T

Surface Area (m*/g)
(42 ]

1
1 10 100
Pore Diameter (nm)

Fig. 7. Surface area vs. pore diameter for (a) carbon black and
(b)-(g) Fe-Ni-Pt/carbon black. Mixing ratios of Fe(acac),, Ni(acac).
and Pt(acac), were (b) 0.6:0.2:0.2, (c) 0.4:0.4:0.2, (d) 0.4:0.2:0.4,
(e) 0.2:0.6:0.2, (f) 0.2:0.4:0.4, and (g) 0.2:0.2:0.6, respectively
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