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Abstract >> Sublimable iron(ll) acetylacetonate, nickel(ll) acetylacetonate and
platinum(ll) acetylacetonate were reduced by a dry process to synthesize
Fe-Ni-Pt/Carbon black nanocatalysts for anion exchange membrane water
electrolysis. Their morphology was observed by scanning electron microscopy
and transmission electron microscopy and their elemental analysis was carried
out by energy dispersive x-ray analyzer. The loading weight of metallic nano-
particles was measured by thermogravimetric analyzer, and the surface area
and pore diameter were estimated by BET analysis. The water absorption was
measured by dynamic vapor sorption. TEM image showed that Fe, Ni and Pt
nanoparticles was well dispersed on the carbon black surface and their average
particle size was 2.84 nm. The loading weight of Fe-Ni-Pt nanocatalysts on the
carbon black was 8.55-9.72 wt%, and the value increased with increasing
iron(ll) acetylacetonate content. As the Fe-Ni-Pt loading weight increased, the
specific surface area decreased significantly by more than 73.4%, because met-
allic nanoparticles block the micropores of carbon black. |-V characteristics
showed that water electrolysis performance increased with increasing Pt nano-
catalyst content.

Key words : AEM water electrolysis(AEM £H3l|), Fe nanocatalyst(& Lt Z0l),
Ni nanocatalyst(L|#! Lt £0), Pt nanocatalyst(8i=Z Lt Z0f), Dry
process(Z1AlH)
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Table 1. Weight ratio of metallic precursors
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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)
0.3:0.1:0.1, (b) 0.2:0.2:0.1, (c) 0.2:0.1:0.2, (d) 0.1:0.3:0.1, (e)
0.1:0.2:0.2 and (f) 0.1:0.1:0.3, 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) 0.3 :
0.1 : 0.1, (b) 0.1 : 0.3 : 0.1 and (c) 0.1 : 0.1 : 0.3, re-
spectively
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Table 2. Elemental ratios of Fe : Ni : Pt synthesized from var-
ious mixing ratios of metallic precursors

ot Fe-Ni-Pt/7 k=52 U Z0H9| KX 2 4

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)s, Elemental ratio Mixing ratios of Fe(acac),, | Loading weight of Fe-Ni-Pt
Ni(acac), and Pt(acac), e Ni Pt Ni(acac), and Pt(acac), catalysts (wt%)
03 :0.1:0.1 063 | 0.14 | 0.12 03:01:01 9.72
02:02:0.1 042 | 034 | 0.16 02:02:0.1 9.34
02:01:02 041 | 0.19 | 032 02:01:02 9.02
0.1 :03:0.1 0.23 0.55 0.15 0.1:03:01 8.94
0.1 :02:02 0.22 0.36 0.34 0.1:02:02 8.89
0.1 :01:03 0.23 0.21 0.49 0.1:0.1:03 8.55
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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)

0.3:0.1:0.1,(b)0.1:03:0.1and(c)0.1:0.1:0.3, re-
spectively
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Fig. 5. (@) 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 0.2 : 0.2 : 0.1
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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), (m?/g)
Carbon Black 2339
03:01:0.1 62.2
02:02:0.1 64.1
02:01:02 66.2
0.1:03:0.1 68.5
01:02:02 72.5
01:01:03 77.2
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Fig. 7. Surface area vs. pore diameter for (a) carbon black
and (b)-(g) Fe-Ni-Pt/carbon black. Mixing ratios of Fe(acac),,
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Fig. 8. Water uptake 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) 0.3 : 0.1 : 0.1, (c) 0.2 : 0.2 : 0.1,
(d)0.2:0.1:02, (¢) 0.1:03:0.1, (f)0.1:0.2:0.2 and
(g) 0.1 : 0.1 : 0.3, respectively
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Table 5. Water uptake amount of Fe-Ni-Pt catalysts on car-
bon black synthesized from various mixing ratios of metallic
precursors

Mixing ratios of Fe(acac),, Ni(acac), | Water uptake amount
and Pt(acac), (Wt%)
Carbon Black 4.89
03:01:0.1 3.02
02:02:0.1 3.33
02:01:02 3.71
0.1:03:0.1 3.94
01:02:02 4.12
0.1:01:03 417

R E ol grofek. oAl 7150l Ui S ¢
Aol ofgiA u}s]7] wiZoln, uhEha] 71E witel
ks Sl 29 Al 719 = gE A
o2 wehech

ohget 2499 Fe-Ni-PU72sd s ARt
of AR A8 Ao} 1V 545 Fig. 99l b
e}, Fe Sull ghefo] 7P w2 7% (Fig. 9(e))<]
-V oA AFUE 952 mA/em* = 9} 1.8V
A AL, Pr Sl o] 7 w2 A (Fig. 9
(A) 1V el AFEE 1745 mAem’ s A%
1.8VolA dglom, of gha Fe Juf ol &2 7
Foll vlsh 83.3% 7HAE 5ol

<
I ifm
X

>

250

Fe(acac), : Ni(acac), : Pt(acac),

&E‘ —0— 03:0.1:0.1

£ 200F g 02:02:0.1

b —A— 02:01:02 A
E —0— 0.1:03:0.1

=150 0 01102002

-

-a —A— 0.1:0.1:0.3 0]
c

% 100 - o%:
2 v
sl / ¢

) —

1.3 1.4 1.5 1.6 1.7 1.8
Cell voltage (V)

Fig. 9. Voltage vs. current performances for AEM water elec-
trolysis cell
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